
maqnitude of Ic that have been observed 
het~veen cooldon-11s). K'e checked thc  rc- 
~ca tab l l i tv  o t  thcsc data as a f u n c t ~ o n  of T 
by sv\recping tempcr,xture don-11 and up and 
checking that the  observations rcma~ned  
the same. T h e  most s t r~klng aspect of the  Ic 
data is that,  for 1 - (TITL) > 9.3, the  
values wcrc sc\.cral tlmes greater than thc  
maxirnlu~l dcpair~ng ( 1  6)  currents in  bulk 
'He-G (Fig. 3). Several calculat~ons predlct 
such c1111anccment (1 1 , 1 2 ,  14).  T h e  ob- 
scrvcii quadratic B r ~ ~ ~ t h  111 Ic is a feature 
prcdlctcd ( 17) for diffuse-scattering bounii- 
ary c o n d i t l o ~ ~ s  for cluasipartlcles. R'c also 
~ ~ o t c  that lL S C C ~ I I C ~  to fall t o  zero n.cll 
below Tc of the  bulk licjll~d. 

T h e  t echn~~lucs  and measurements rc- 
portcd hcrc crcatc several opportun~t~cs  for 
rllacroscoplc iluantuln physics rcscarch 111 su- 
p c ~ t l u ~ d  3He. Continuous mcasurcments of 
141 (us~ng  the absolute pressure callbration 
from thc Josephson frequency rclatron) as 
demonstrateci here can be used in expcrl- 
ments focusing on macroscopic quantum 
phase. Further, thc cletailecl l~lforlllarion on 
the 1 (1+)  of a supertl~ud 'He weak link \v111 
allo\\~ thc futurc cicvclopment of a supc~ t lu~d  
"two-slit" ~nte~teromctcr .  This dcv~ce.  \vhlch 
is analogous to the supcrconducting dc- 
SQCID and 1s sometilllcs called a "supe~fluld 
i l ~ ~ a n t ~ l m  interference gyroscope," shoulci be 
a sens~tive rotzcion sensor (18).  

Fig. 3. The measureo values of the c r ~ t c a  current 
for the rnicroaperiure array :;veak 11nk oivideo by 
4225 (circles) as a functon of 1 - (TlTJ. Here we 
have useo the I, that 1s oerived from analysls of the 
penoulum mode; the values are consistent w~th  
those oerived from the quantum osc~llat~ons. For 
1 - IT'TJ > 0.3. the values of I, are several tmes 
greater than the rnaxmuln oeparng currents In bulk 
We-B (solo Ine! (16) The preoctons for a pnhole 
aperture (12) (dot-dash line) are shown for cornpar- 
son. The data are best fit by I, = 134[1 - (TIT,J]~ 
pgls, where T,, = 0.85 mK (ootted Ihne). The ob- 
served quaoratc growth In I, 1s a feature predcteo 
to be associated ui~th d~ffuse-scattering bounoary 
conditions for the 3He quas~part~cles (1 71 
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A Tribosphenic Mammal from the 
Mesozoic of Australia 

Thomas H. Rich, Patricia Vickers-Rich, Andrew Constantine, 
Timothy F. Flannery, Lesley Kool, Nicholas van Klaveren 

A small, well-preserved dentary of a tribosphenic mammal with the most posterior 
premolar and all three molars in place has been found in Aptian (Early Cretaceous) rocks 
of southeastern Australia. In most respects, dental and mandibular anatomy of the 
specimen is similar to that of primitive placental mammals. With the possible exception 
of a single tooth reported as Eocene in age, terrestrial placentals are otherwise unknown 
in Australia until the Pliocene. This possible Australian placental is similar in age to 
Prokennalestes from the late Aptian/early Albian Khoboor Beds of Mongolia, the oldest 
currently accepted member of the infraclass Placentalia. 

T h e  known Cretaceous foss~l rccord of pla- 
ccntal mammals co111cs primarily from thrcc 
areas: Mongolia, hfl~ddlc Asia (Czbekistan, 
Kazakhstan, and Taj~kis tan) ,  anti thc  Wcst- 
ern Interior of North r imer~ca .  In  addition. 
single gcncra ha\-c bccn iicscribciI from In- 
dia and Gala, California. anil single teeth 
hal-c been rcportciI f ro~l l  France and hlis- 
sissippi (Fig. 1 ) .  Exccpt for the  hlongolian 
Proitennnleites and C~bck i s t an i  Bobolestes. 
all arc Larc Crctaccous in age. This rccord. 
bascil o n  about 1 dozen gcncra, is 111cqcl 
compared with that of Ccnozo~c  placentals. 
In  a roughly comparable tlme span, thcrc 
arc litcrall\- thousands of Cenozoic placc11- 
tal gcncra knonyn. 

T P. Rch, M ~ s e ~ n i  of Vctora Post Offce Box 666E. 
k4ebourne. Vctora 3001, A~Strala. 
P Vckers-Rch A Constantne, L Kool N. \Ian Kaverer-8. 
Earh Scences Depat,iier-t Monash Unversty, Clayton, 
V~ctor~a 3001. Aastraa. 
T F. Flannery. Austra at- M J S ~ L I ~ ,  6 C o  ege Aven~e ,  
Sydr-~ey S o ~ t h ,  New S o ~ t h  "bWaIes 2000. A ~ ~ s t r a  a 

Gccausc Mcsozoic tribosphenic m a n -  
nlals 1%-ere unknown o n  all Southcr11 Hcml- 
sphere cont inc~l ts  in 1986, in that year J6se 
Bonaparte proposed that suhseilucnt to thc  
enii of thc Jurassic, the  Gond\l-anan mam- 
malian fauna hail evolved complctcd isolat- 
ed fro111 faunas o n  thc northern continents 
until thc  cnd of the  Crcraceous or thc be- 
ginning of the  Paleocene (1 ) .  According to  
Bonaparte, i lur~ng this period of isolation. 
marsupials and placentals arosc f ro~l l  marc 
primitive tribosphenic or near tribosphcnic 
mammals in Laurasia. A c c o r d ~ ~ ~ g  to  this 
hYpothes~s, trlbosphen~c mammals of any 
kind reached South America for thc  first 
~ I I I I ~  near the  Cretaceous-Tcrtiaq bounil- 
ary, from North  Amcr~ca .  Frorn South 
America, marsupials the11 dispersed across 
Antarctica to  Australia. 

T h e  concept of the cornpletc isolation of 
thc Gondwana continents from tribos- 
phenic l l~a~ l l~ l l a l s  llntil the  cnil of the Cre- 
taceous was first challenged with t11c an- 
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nouncement in 1991 of Triboeherium afnca- 
num in the TBerriasian (Early Cretaceous) 
Anoual assemblage of Morocco (2). Triboeh- 
erium afncanum is a primitive tribosphenic 
mammal that has characteristics typical of 
neither marsupials nor placentals (2). Sub- 
sequently, a possible placental mammal was 
reported from the ?Cenomanian-Campani- 
an (Late Cretaceous) of Brazil (3). 

Here we describe a tribosphenic mam- 
mal from Aptian rocks of Australia (Fig. 2): 
subclass Theria Parker and Haswell, 1897; 
infraclass Placentalia? Owen 1837; order 
Ausktribosphenida ord. nov.; family Ausk- 
tribosphenidae fam. nov.; Ausknibosphenos 
gen. nov.; type species Ausktn'bosphenos nyk- 
tos sp. nov. 

Auksnibosphenos nyktos is unlike the 
Monotremata (4-6) in having (i) a para- 
conid on M1; (ii) all molar trigonids relative- 
ly anteroposteriorly expanded; (iii) a well- 
developed tribosphenic wear pattern on the 
lower molars, particularly in the talonid ba- 
sin (Fig. 3); (iv) a P5 with three trigonid 
cusps and a trigonid sub equal in size to that 
on the M1; and (v) in lacking an internal 
coronoid process. The absence of a masseter- 
ic canal and masseteric foramen differenti- 
ates A. nyktos from all monotremes except 
for Tachyglossus aculeata with its highly re- 
duced dentary. 

Auksmbosphenos nyktos differs from the 
Aegialodontidae (7) (i) in having more an- 
teroposteriorly compressed molar trigonids 
and (ii) in lacking a distal metacristid on 
Mi-3 (8). It can be distinguished from the 
Pappotheriidae (7) in having (i) lower 
cusps on the molar trigonids and (ii) the 
talonid width broader than the trigonid 
width on MI. Auksnibosphenos nyktos can be 
differentiated from both the Marsupialia 
and the Deltatheroida (9) in that (i) the 
most posterior lower premolar has all three 
trigonid cusps well developed; (ii) there are 
three, rather than four, lower molars and at 
least four, rather than three, lower premo- 
lars; and (iii) except for phascolarctids (ko- 
alas), there is no inflected angle on the 
dentary. It can be further distinguished from 
the Marsupialia in the absence of a pos- 
terolabial cingulum on Mi-3, and from the 
Deltatheroida in having (i) strong, well- 
developed talonids, (ii) strong precingulids, 
and (iii) paraconids lower than metaconids 
0" MI-3. 

Aukstribospknos nyktos is unlike all 
other Placentalia, including Prokennal- 
estes, in having (i) a remnant of the suran- 
gular facet, (ii) a hypoconulid located 
close to entoconid on the lower molars, 
and (iii) a crest on linking the hy- 
poconulid and metaconid buccal to the 
entoconid, which is separately linked to 
the metaconid (10). In addition, it is dis- 
tinguished from all other Placentalia, ex- 

cept Prokennukstes, by the presence of (i) 
remnants of a Meckelian groove and (ii) a 
coronoid bone on the lingual side of the 
dentary (10). On the other hand, A. nyk- 
tos is similar to many more advanced pla- 
cental~, but differs from Prokennakstes, in 
having (i) a much smaller M3 relative to 
Ml-2; (ii) lower trigonid cusps on Mi-3 
relative to tooth length; (iii) the presence 
of four, double-rooted lower premolars in- 
stead of five; (iv) the presence of a single-, 
rather than double-rooted, C1 or the pres- 
ence of a single-, rather than double-root- 
ed, P1 (I 1 ); (v) the absence of a protrud- 
ing angular process on the dentary (1 2); 
and (vi) the lack of a labial mandibular 
foramen. 

Etymology: Ausknibosphenos, "the Aus- 
tralian Cretaceous nibosphenic mammal"; 
Auskcribosphenos nyktos sp. nov. Holotype: 
(Monash Science Centre) MSC 007 (Fig. 
2); found by N. Barton on 8 March 1997. 
Diagnosis: that of the genus until other spe- 
cies are described. Type locality, stratigraph- 
ic unit, and age: Shore platform at Flat 
Rocks, Bunarong Marine Park, Victoria, 
Australia, 38'39'40 + 02"S, 145'40'52 + 
03"E (World Geodetic Standard 1984), 
Wonthaggi Formation, Saelecki Group, 
Aptian (13) (Fig. 4). Etymology: nyktos, 
"night." 

The most anterior alveolus on the den- 
tary is either that of the C1, in which case 
four premolars were present, or a single- 
rooted P1 in a jaw where five premolars 
occurred. The small size of this alveolus 
relative to those immediately behind it sup- 
ports the identification of it as a premolar, 

rather than a canine. For descriptive pur- 
poses, this most anterior alveolus is regarded 
as that of PI. The dentaty is broken just 
anterior to the P1 alveolus, and the opening 
of the dental canal can be seen on the 
broken vertical surface, the dental canal 
having been traced in an x-ray image for- 
ward from the opening of the mandibular 
foramen in the coronoid area. A partition 
anterior to the P1 alveolus appears to be 
thicker than those between any two alveoli 
for the same premolar. This supports the 
identification of the P1 alveolus as that of a 
single-rooted tooth rather than the posteri- 
or one of a double-rooted tooth. 

Despite the dentary being preserved pos- 
terior to a point somewhat anterior to the 
PI, there is not a single mental foramen 
visible. Likewise, no labial mandibular fora- 
men is evident in the mandibular fossa. 

The length and width of the P5 are 1.4 
and 1.2 mm. There is no hint of a talonid- 
like structure on this tooth. If a cuspule 
were present near the middle of the postcin- 
gulid, it was destroyed when the rock in 
which the specimen was preserved was bro- 
ken open. If it were present, it would have 
been quite small, because the loss in that 
area of the tooth would be no more than 
one- or two-tenths of a millimeter. 

The form of the P5 of A. nyktos is 
unusual, but not unknown in placentals. 
Some erinaceids have a well-developed 
trigonid and merely a postcingulum, in- 
stead of a full-fledged talonid, on the most 
posterior lower premolar (14). The length 
and trigonid and talonid widths of the M1 
are 1.6, 1.4, and 1.7 mm. Although there 

Fig. 1. 1 to 6, 8, 10, 14: sites or regions with 
Cretaceous placental mammals; 7,9, 1 1, 12, 13, 
15 to 18: Cretaceous mammal sites or regions in 
Gondwana with no recognized placentals. Paleo- 
geographic map of land surfaces during the Apti- 
an, late Early Cretaceous, 115 million years ago. 
Mollweide projection (28). 1. Baja, California. 
Galblestes, Campanian (29). 2. Westem Interior 
of North America. Avitotherium, Batodon, Cimo- 
lestes, Gypsonictops, Paranyctoides, Telacodon, 
Campanian-Maastrichtian (30). 3. Mississippi. 
Tooth fragment, Santonian (31). 4. France. 
Champ-Garimond, Tooth, Campanian (32). 5. 
Middle Asia (Uzbekistan, Kazakhstan, and Ta- 
jikistan). Alymlestes, Aspanlestes, Beleutinus, 
Bobolestes, Buklaklestes, Cretasorex?, 
Daulestes, KhuduWestes, Kumsuperus, Otlestes, 
Oxlestes, Sailestes, Sorlestes, Taslestes, 
?Z2lambdalestes, and Zhelestes, Latest Albian-Coniacian (33). 6. Mongolia. Prokennalesttes ?Late 
Aptian/Early Albian (19). Asioryctes, Barunlestes, Kennalestes, Zalambdalestes, ?Campanian-?Maas- 
trichtian (34). 7. Australia. Lightning Ridge, Middle Albian (6). 8. Australia. Flat Rocks, Aushtribosphenos, 
Aptian. 9. Australia. Dinosaur Cove, monotreme humerus, MSC 01 1, Albian (35). 10. India. Deccano- 
lestes, Maastrichtiin (36). 11. Madagascar. Mahajanga Basin, Carnpanian? (37). 12. South Africa. 
Kirkwood, Portlandian-Early Vahnginian (38) 13. Morocco. Anoual, ?Beniasian (2). 14. Brazil. S o  Paulo 
State, Adamantina Formation, ?Cenomanian-Campanian (3). 15. Argentina. Rio Negro Province, Los 
Alamitos Fauna, Campanian (39). 16. Argentina. Rio Negro Province, Anacleto Member, Rio Colorado 
Formation, Campanian-Maastrichtian (40). 17. Argentina. Neuquh Province, La Arnarga Formation, 
Neocomian (41). 18. Pew. Upper Santoniaeampanian (42). 
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is a definite notch present in the paracris- The M, is 1.8 mm long. This tooth is (ucl, unnamed cristid 1) (Fig. 3A) de- 
tid, there is no sign of a true camassial slightly smaller and the corresponding scends on the posterior side of the meta- 
notch in this structure. The metacristid is cusps slightly lower than those on MI. conid and extends toward a similar ento- 
too damaged in the expected area of a Aside from a few other differences noted cristid directed forward from the ento- 
notch to ascertain if a true camassial in the balance of this paragraph, the two conid. Unnamed cristid 1 is not a distal 
notch was present. teeth are much alike. A prominent cristid metacristid (a), because it is not even 

remotelv close to the cristid obliaua. Lin- 

1. Holotv~e of A. nvktos. MSC 007. Maximum lenath of s~ecimen. 16 mm. (A) Labial view. - .  

~ ~ c l u s a l  view.' (C) Lingual view. (D) Ventral view. (E) ~ntGor view. (F) posterior view: (G) Holotype  of^: 
n y k s  superimposed on a restoration of what the living animal (size -8.5 cm) might have looked like. A 
stereo figure of A. nyktos is available at www.sciencemag.org/feature/data/972804.shl and will be 
published in 1998 in the Records of the Queen Victoria Museum No. 106. [Technical art by P. Trusler, 
reconstruction by D. Gelt] 

Fig. 3. (A) Generalized 
lower molar of A. nyktos. 
Abbreviations: co, cristid 
obliqua; encd, entocris- 
tid; end, entoconid; hy- 
pld, hypoconulid; hypcd, 
hypocristid; hypd, hypo- 
conid; mecd, metacris- 
tid; med, metaconid; 
pad, paraconid; pacd, 
paracristid; prcd, precin- h h d  3. 
gulid; prd, protoconid; 
ucl , unnamed cristid 1 ;, uc2, unnamed cristid 2; uc3, unnamed cristid 3. (B) Restoration of the wear 
surfaces on the lower molars of A. nyktos. See (75) for discussion. 

gual to ;he entocristid and subparallel to it 
is a second, higher cristid (uc2) (Fig. 3A) 
extending forward from the entoconid 
along the lingual margin of the tooth. 
Along the length of this cristid are one or 
two small cuspules, the one at the anterior 
end being the most distinct. Between 
these two cristids, extending in parallel 
forward from the entoconid. is a small 
basin partially cut off from the rest of the 
talonid basin. The same pattern may have 
been present on MI, but has been obliter- 
ated by wear. The hypocristid is preserved 
on the M,, being much lower than the 
hypoconulid and convex posteriorly in oc- 
clusal view. Extending forward into the 
talonid basin from the hypoconulid is an 
arcuate cristid (uc3) (Fig. 3A) that paral- 
lels the base of the entoconid, continuing 
to a point where it joins the posterior 
cristid from the metaconid and the ento- 
cristid from the entoconid. Uc3 is a uniaue 
feature of A. nyktos. This autapomorphy 
alone forms the basis for the recognition of 
the Order Ausktribosphenida. Uc3 appears 
to have also been present on M1 but was 
heavily damaged when the rock in which the 
fossil was preserved was broken open. 

The length and trigonid and talonid 
widths of the Mj are 1.2, 0.9, and 0.9 mm. 
This is the one tooth of the holotype that is 
completely undamaged. With broad talonid 
basins on the lower molars that show evi- 
dence of wear on the labial side of the 
entoconid (Crompton's wear facet 6) and 

(Ma) I lime scale Isporepollen zoned 

Barremian 

detrital zircons 

with I a I I Bemasian I emrbam 
144.2 

Fig. 4. Age of the Flat Rocks vertebrate fossil site 
(hatched) relative to the geologic time scale (26). 
Spore-pollen zones modified after Helby et a/. 
(24). 
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lingual side of the cristiLi obliqua, .A. nyictos 
appears to have haLl a p rom~nen t  protocone 
or1 its upper niolars and, therefore, can be 
considered a tribospllenic mammal (Fig. 3 ) 
(15).  In  this regard, it is quite unlike tlie 
L4ustral~an Early Cretaceous monotreme 
Ste~obodon pnlrnnni, ivhere \rear 111 the  tal- 
onid region of the lo11-er molars is confined 
to the labial side of the  cristid ohliqua, 
Crompton's wear facets 3 anil 4 (1 6 ) .  
L4mo~ig  t r~bospheni~ls ,  as inLiicateLl in the 
Liia~noses, -4. nvktos is not  a Lleltatllero~ii - 
( 9 ) ,  a marsupial, or a tribothere (7). Those 
diagnostic feature>, coupled with a postca- 
nine dental f~>rmula unkno\vn. other than 
In placentals and liighl\- characteristic o t  
them 117). PI-4  or PI-5 and h l l - 3  are the 
l~ases for regarcling .A. n?ktor as a placental. 

Except tor the  presence of a remnant of 
the bleckel~an groove and a r.est~gal coro- 
n o d  hone, features it shares wit11 the  u11- 
Liciul-ted placental P~o/cennalestes ( 1 c?, 18) ,  
together \vit l~ the presence of a remnant of 
the s~irangular facet, A. i~>ictos has feat~lrez 
esnecteii in a rather advanceil Cretaceous 
placental mammal. These feat~lres incluiie 
the niarkeil reduction in  the  sl:e of the h'12 
relative to hl,-?, re~luced lieiglit of the  mo- 
lar trigonids relative to tooth length, greater 
11-1ilth of the  h l ,  talonid than the trigoniii, 
and posaihle reiiuction of the  premolar 
n~ imher  to fc>ur or a most anterior of fi1.e 
premolars being a single-rooted rather than 
iioul-le-rooted tooth. 

T h e  lack of a n  angular process on the 
dentar!- IS not a feature that unites -4. i ~ ~ k t o s  
n-ith the  monotremes. byell-iie~.elopeii Lien- 
tary angles are present 111 the  only tivo 
st~ecies of monotreme x i t h  f ~ ~ n c t ~ o n a l  teeth 
where the posterior part of the ja~v is 
kno~vn :  O b d i i r o d o ~ ~  insignls and Obdi i~odon 
dicksoni, as well as in the  lix-ing echidna, 
Tash~glossiis ncitlentn (3, 5 ) .  Although most 
specimens o t  the platypus, O m i t h o ~ h y n c ~ l ~ i r  
anatintis, lack an  angular process o n  the 
iientar\-. iniliviiiuals are kno\r-n that have 
them (3 ) .  O n  the hasis of the published 
ev~iience, there appear to be t\?-o ailiiit~onal 

L L 

ilifkrences-the numl-er of premolars and 
the number of molar roots-separating .A. 
nvktos from the  monotremes. Honever.  
there is a n  eiientulous nland~ble  from Light- 
11111g Riilee, probably referable to the  
lnonotreme Ste~opodon galmani (Austra l~an 
Museum) L4bl  F97263 which, like A. nyk- 
tor. has nlore than tn:o oremolars. and the  
molars liave only tlvo roots. T h e  latter fea- 
ture can also he seen o n  the 1iolot~-pe of S .  
galmnni. 

L4 primiti1-e feature among therians, 
w ~ t h  or ivit110~1t a n  angular process o n  the 
dentary, is the  presence of a pronounced 
concaviti- in the ventral profile of that bone 
ventral to  the masseteric fossa (12) .  In con- 
trast, A ,  n?ktos has a conr7ex ventral pof i le  

in that area, as is the case n ~ t h  advanceil and Civpo:~ylos n:icros Z. Ale an-Jawor3ws1ta [HIS? 

placentals, which also lack a11 any~ilar pro- Brol 6 185 (1 99211 s of t i e  o ! l n?n  that Z af)-caflic/!77 
. . ~ - , xlay be a placenta 

cess o n  the  dentary ( 1  1 ). 3 R. J Bert 11, L. G Narsi-a N Gaqet P. 6r1to. I:' JB 
It has been suggested that d u r ~ n g  the Geol Palaeonroi. Abi;. 188 71 (1 993: 

cretaceous a.as mucll el.olLltlollari. 4 1v' Archer, T F Flanney A R~tsi ie,  R E Nolnar 
Mati!% 318, 363 !1985), N Archer, F. A Jenkns, 

esper i~l le~i ta t ion amollg trihosphen~c mam- S J Hand, P F Murray, H. Godti~elp, I ?lar!:.uiis 
mals. Lilleaoes mav 1iar.e evolvei] n.ithln and Eci~!a'~?as, N L Augee. Ed (Royal Zool?gcal 

tllat tilat ,veA lleitller marsuEials liar 
Sosety New S?-th ~ a l &  Sydney 19921 p 15 M 
Archer, N D Plane. N Pledge, n ;~ionotrome Blol- 

placentals, and tlie tr~hosplienic condition 08Y, lv. LAugee Ed, (Royal z0310glCal SOClety, New 
ma\- even h a w  arisen inde~eni lent lv  in the Sautii Waes. Svdnev. 1978:. D 9 , , 

ma~su,,ials allLi ,,lacelltals i2, 17, 19 ) .  ~h~ 5 M Arclie' P F MUI I -~Y ,  S. J. Hand H C;?dtielp n 
,:."amma/ P l~y logo~~y .  ,~."OSOZO~C D!?ereniiaiio!? ;i/i~!ltr- 

Deltatheroiiia haye heen interpreteil in this ti..bo,-ci:iaros, Moqoirslnos. a:ldrvja,-. 
way, beillg repar~ie~i  as a sister group nf the  sup!ak, F S Szalay. M J Noiiasek M C McKenna. 

Xfarsupialia: coml-med, they t o r n  the hlet- Eds (Spl nger-berlag, New York 1993) 12 75 
atheria (9). TIie Drltatlleroiiia haye fea- F, F1anle'̂ ~. l'j Arche 1 T. Rich, JO1-es \!a- 

rc/!-e 377, 41 8 (1 995) 
cures, such as the location of the three 7 Sgnsu R c F ~ X ,  Calj j. Ea!t/j sc1 17 1-189 ( -  9 8 ~ )  
principal talonid cusps 011 the  lt,a-er molars, 8 Sensu R C Fox cbci' 12, -11 2 11 975) 

of placentals, as as otllel. 9 Sells'. Z, Y elan-Ja~.orow~skaand L Nessoii ierhara 
23, 1 (1990) 

character states tliat associate tliein n;itli I c  z, Kelan.JaL.doroL.dska and Dashzeveg, Zoo, 
marsupials. In  a n  analogous manner, ,?. Scipta 18 347 (1 989) 
n>ktos, \]-ith its lingual molar talonld 11 D S~J~~I"~ ' - -RU"""  3. Cashze~eg D E R~ssel l .  

icrd 21 205 (1 992) 
111or~11ology, may prove to  be the  sister 1 2  z, Kelan-Jawor3wska, ieiijeia 29, 2-19 (1997) 
group of the  Phcentalia rather than a m e n -  13 PaIyn?ogca exat7 naton off  iie ~nudstone samples 
her of that group sen<u stricto. O r  A. ny1ttos collected fro111 a 7-~m-tt~lck flo?dpan seouence 117- 

may represent yet allotller groLlp of lmed atelr underyng the type losalty of A !?L'~~'os 
ndcates tile s te s P!~~SSIJO~-I~SS !?oiens!s Zo ie  (Allt- 

mals that evolvcLi the trihosphenic condi- an) n age TITS age deter rnaton 1s based 31  ti-e 
tion independently of all prel-iously recog- lpresel-ce of the spare Pdos~suo:-~ros /JoiSlJS!S n m e  

lii:eLl olles that ,jiii. staye, olle of the sarmiJes exam l e d .  T i s  spare makes is  frst 
appearat-se n Austraa at t i e  base of tile A p t a i  1271 

part of the  C r e t a c e o ~ ~ s  radiation of t r~bos-  ,,,t lues L p  nto the ~ l b ~ ~  (24). ~h~ site 
phenic mammals from n-hich A. nyktos can A lba i  n age because none of t i e  samples exam- 

be confiilently excluiieLi is tlie h'letatlieria. ned soitalned any spore 31. pole!i specles ti-at 
I-late strat'grapi~~cally y?unger frst appearances 

Thus, o n  the  basis of the  features of -4. w th n the ?:,eryng ~ ~ y c e ~ o s p o r ~ t e s  st'saius, Copio- 
izyk~os suggestive of the placentals, coupled spo:a pa~enoxa, or ?,~~::?opo//e~~ries uennosils 

~ i t h  a n  absence of any features that 11nk it spare-poen zones, a of t ier7 of Alb~an age. The 
Aptan age determ naton for the type oca ty  s sup- 

~vi t l i  other trihosphen~c groups t(> the es-  by the sslon dat ng 3f detrlta zlrs3ns 
c l ~ ~ s l o n  of ylacentals, it is here provisionally obtained from iiocan'sastic sandstoie 5C cm above 

ret'erreii to the Placentaha. the bone-bearng cong31--crate. The 21 z (sans dat- 
ed yield a po?ed age of 122.5 = 8 1111llion years (Ma) 

Because of t h ~ s  discox-eri- of a possible ,I,) , th a ci;l.sclLlared pr3bablllty of 99,70, Tile 
placental malllllla~ from the  L 4 ~ ~ s t r a l i a n  p33 ed age represents the age of the source:~olcan~c 
Early Cretaceous, it is now ylausihle that  rocks because vltr n te reflectance neasurements of 

coalf~ed pant frag~ments f r o~n  t i e  s te ndcate  the 
both placentals and marsupials nlay ulti- sedl17en:s lave not experlensed bLrr telnperarLlres 
matel\- be f o ~ ~ n i i  to  have then  heen \vide- greater ti-an 7 7 ; ~  TI-s s s,ob,e beow tile !pal? a an- 
spread o n  all the  land nlasses of Earth in  realing tenperat~lre for z r i o i  ( 2 0 0 ~ C :  w i i~sh ' rd ' -  

[he L~~~ hiesozoic ( 2 ~ ) .  fossil record cates they have not been thernaly annealed. Ti~is 
nterpretat ?n substant'ates an earl'er fss'on traslc 

of Australian terrestrial mammals for the  ,t,,dy by G~~~~ (25) on detrta z.rc31 from s l p a r  
late Celloroic is accllrate enough to con-  :,3lia11'ilastis sa~idst?nes of Ci:'uho/ospor~tes s t re t~ is  

elude nollro~allt lvere not Zo ie  age ~II the Oiway Bas'n -- I  30 <m to :he west 
of Flat R?c<s, Green 1251 obtaned a p?oed f ~ s s o r  

present In the  mlLi-Tertlarl;, rodents hay- tras< age that overlapped is silronob ostrzt graph 
111g entered t h e  c o n t ~ n e n t  by the  P l ~ o c e n e  age s~.ggest no that the lag t lne  betweei e r ~ p t  on. 
(21 ). L4 placental presence in  the  Apt ian eros31, transpo,?, a ~ d  depos t on \./as pobaby  on 

tile order of a fevd IT I ~ I -  years The pooled age for 
rneans that  the  group m-oulLl have become Flat R?c<s, t i~e~efore, s~ggests  that the s t e ' s  prob- 
extinct in  Australia a t  least once and then  ably s~tuated closet? the base ?f tile Apt'an wi- ch 
reentered the  c o n t ~ n e n t  a t  the  enLl of the  rarges, acc?rdng to the t w e  ssae of Gradsten et 

al. (2E), fr?m 121 to 11 2 5 Ma. 
Tertiarl-. Coes~ster ice  ivith ~narsupials iiur- p, M, BLtler, Zool, sot, 118 446 

ing their earlier presence in  Australia has 119-18): T, H, V. R1si1, Bull Am. ;i/iiis Met Yst. 171, 1 
not  yet heen incontrover t~bly iiocumenteil (1981) 

(22) .  15. On M,-, a !;dear suriace ?n the a b ' a  sde ?f t i e  
eitoson'd s n the sane plaie as ?ne on the crests 
that arcs around ti-e ab 'a  s'de of that c~ . sp .  Pres~.-I- 
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surfaces on ther tips together v5!1th ther anteror and 
posterior slopes In addton, these upper molars had 
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Contribution of Stream Channel Erosion to 
Sediment Yield from an Urbanizing Watershed 

Stanley W. Trimble 

Stream channel erosion has long been suspected as the major contributor to long-term 
sediment yield from urbanizing watersheds. For San Diego Creek in southern California, 
measurements from 1983 to 1993 showed that stream channel erosion furnished 1 O5 
megagrams per year of sediment, or about two-thirds of the total sediment yield. Thus, 
because channel erosion can be a major source of sediment yield from urbanizing areas, 
channel stabilization should be a priority in managing sediment yield. 

Stream channel erosion can he the major 
source of sediment in urbanizing water- 
sheds, with deleterious dolvnstreain effects 
(1). Increased storm runoff and stream 
channel changes resulting from urbaniza- 
tion have long been a concern, and work 
o17er the past three decades suggests that the 
relative contribution of long-term channel 
erosion to do~vnstream sediment yield is 
substantial (2-4). Ho~vever, the lack of 
hard data prompted the National Research 
Co~uncil to designate long-term channel 
erosion rates and sediment budgets for ur- 
banizing watersheds as priority research 
needs (5). Additionally, tnuch less is kno~vn 
ahout the geomorphologic effects of urban- 
ization in arid regions than in humid re- 
gions (6). In most arid urban areas, irriga- 
tion increases antecedent soil moisture in 
vegetated areas, f~urther increasing storm 
runoff. Moreover, urban development may, 
within the basin, displace rather than re- 
place irrigated agriculture, so that agricul- 
tural impacts remain. Here I present data 
from an urbanizing basin in southern Cali- 
fornia and examine the role of channel 
erosion in augmenting sediment yield. 

San Diego Creek, which drains a 255- 
km' basin in Orange County, California 
(Fig. I ) ,  supplies sediment to Newport Bay, 
which is considered to he one of the prima- 
ry estuarine wildlife hahitats in the state. 

Depadment of Geography and Institute of the Environ- 
ment, University o: California, 405 Hilgard A\venue Los 
Angees. CA 90095-1 524 USA. 

Urbanization has been rapid (Fig. 1) and is 
typical of many areas in the United States, 
especially the Southwest. A federal Clean 
Water Act studv of the basin in 1981 con- 
cluded that the sediment sources were agri- 
culture, steen foothills, and construction. 
Channel erosion was considered unimpor- 
tant (7). 

I hegan a long-term study of channel 
changes in the San Diego Creek watershed 
after a brief geo~norphologic analysis (8) of 
the area in 1981 suggested that erosion from 
the largely earthen channel systetn could he 
a major contributor of sediment. An initial 
channel study using historical methods and 
aerial photogran~lnetry indicated that from 
the late 1930s to the early 1950s channel 
erosion sunnlied Inore than one-fourth of all 
sediment yield, but there were many uncer- 
tainties, especially regarding total sediment 
yield from the basin (9). Starting in 1953, I 
surveyed and installed 196 monumented 
(more or less nermane~ltlv marked) channel 
cross-sections (profiles) at intervals along 
earthen channels of all types and sizes (Fig. 
1). Over time, some profiles were invalidat- 
ed by disturbance, and proble~ns of property 
accessibilitv delayed or nrevented measure- 
tnents in sdlne places. T'hus, profiles had to 

'be tnonitored annually, and new profiles 
were added as required throughout the de- 
cade (10). As a cooperator 111 the study, 
Oranee COUII~V annually surveved the " 
dolvnstream zones of sediment accutnula- 
tion-trunk channels and in-channel sedi- 
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