
These results indicate that an autologous 
red cell agglutination test can be used as a 
sensitive and specific test for the presence of 
circulating antibodies. The procedure is flex- 
ible and could be tailored to detect a variety 
of antibodies for which there was an appro- 
priate antigen for conjugation to the red 
blood cell antibody. In using the autologous 
red cell agglutination test for antibodies to 
HIV-1 it will be essential to use a conjugat- 
ed antigen with a very low false negative 
rate. This may require the use of a mixture 
of peptide epitopes or soluble recombinant 
protein antigens. It is also possible that the 
test may be automated, just as automation 
has been achieved for the gelatin bead agglu- 
tination test (2) and many turbidimetric or 
nephelometric assays (1 1). Preliminary re- 
sults indicate that the conjugated antibody is 
stable to freeze-drying and can be air-dried 
onto plastic plates. For field testing, a posi- 
tive control mAb to the synthetic peptide 
antigen would be included as a means of 
quality control for the reagent. 

At present the major advantages of the 
autologous red cell agglutination test are its 
speed and simplicity. For these reasons it is 
likely to have significant applications as a 
"front line" test. In this role it will be an 
important adjunct to conventional test pro- 
cedures and may also be useful for assessing 
vaccination programs. It is hoped that the 
autologous agglutination test will conuib- 
Ute to the protection of health care workers 
and aid in the control of the spread of AIDS. 
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Selection of Variable- Joining Region Combinations 
in the a Chain of the T Cell Receptor 

Most T lymphocytes express an antigen-specific receptor composed of two subunits, a 
and f3, each of which can exhibit structural variability. A complex selection process 
operates on T cells during development in the thymus such that cells expressing only 
particular ap-receptors migrate to the periphery. The a-chain repertoire was dissected 
at different stages of the selection process by using the polymerase chain reaction 
(PCR) technique to amplify only those transcripts of a particular variable region gene 
(Vss). Sequences from these Vss cDNAs reveal the predominant expression of four 
joining (J) segments by T cells in the adult thymus, suggesting that molecular or 
cellular processes select particular V J, combinations during development. T cells 
expressing one of these VS8Ja chains appear to have been negatively selected at a later 
stage, since these transcripts were present in the spleen at approximately one-tenth the 
level in the thymus. Results also indicate that residues present at the V J, junction may 
be important in an early selection process. 

T LYMPHOCYTES RECOGNIZE A FOR- 
eign antigen only when it is present- 
ed with a cell surface product of the 

major histocompatibility complex (MHC). 
The T cell receptor (TCR) responsible for 
this dual recognition is composed of two 
subunits, a and p, each generated by somat- 
ic rearrangement of multiple gene segments 
(1, 2). However, before a T lymphocyte 
becomes a functional antigen-specific cell in 
the peripheral lymphoid system, it under- 
goes selection in the thymus. The selection 
process, which operates on the ap-hetero- 
dimer, guarantees that a T cell will react 
with a product of the MHC (a phenomenon 
resulting in MHC ccrestriction") and that it 

will not react with "self' antigens (a phe- 
nomenon resulting in self tolerance). The  
observation that >95% of cells in the thy- 
mus die (3) and never reach the periphery 
has long been suggested to be, at least in 
part, the result of this process. 

Despite the progress that has been made 
in identifying the TCR, the structural basis 
of MHC restriction remains unknown. It 
has now been established that the ap-heter- 
odimer on mature T cells (helper and cyto- 
toxic) is responsible for binding both anti- 
gen and MHC product on the presenting 
cell (4). In most cases, attempts to correlate 
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the expression of particular a or P chains probably represent members of this family (VS8) has complete identity with pHDS58 
with restriction by specific class I or class I1 have >95% nucleotide sequence identity. and C9, five base mismatches with TA26, 
MHC products have met with little success The amplification primer (VnB) differs and two base mismatches with 8110-2. PCR 
(5-7). h m  pHDS58 by 2 bp; this was done in conditions were initially optimized with 

Several studies, however, have demon- order to generate a Barn HI site for cloning. RNA from CTL 2C. The cDNA was syn- 
strated that expression of a particular VB It is otherwise identical to the sequences of thesized with the Ca primer, and the PCR 
chain may be correlated with the M H C  pHDS58, TA26, and 8110-2, and differs was performed in the presence of excess Ca 
restricting element. For example, T cells h m  C9 by 1 bp. An l&base internal probe and VSsB primers through 30 to 50 cycles. 
expressing the VB17a chain are apparently 
eliminated in the thymus of mice expressing 
the MHC class I1 product, IE (8). In addi- .-, vS8 -1 ..... J ..... 
tion, a bias in Vg expression was observed 55 bases 

I c -  
among both cytochrome c--Specific (9) and 5' ACTGGACCGACTCGGCTGTGTACTTCTGTGCEXAGC . . . . . . . . . . . . . . ACATCCAGAACCCAGAACCTGCn; 3' 

myoglobin-specific (10) dass 11-restricted T 5' ACTGGA~C~ACTCGGCTGX 3' 3' GTAGGTCTTGGGTCTTGGACG~C 5' 
cells. Analysis of a chains h m  helper T cells v 5 8 ~  Ca 

specific for cytochrome c showed that there 5' TACITCTGTGCTGXAGC 3' 

was also frequent use of a particular Va gene 
"58 

and even a particular V Ja (6, m. 1. Otigonudeotides used in the amplification and adysis of a-chain transcripts. Partid sequence 
of the gene enc- the a chain from the alloreactive, BAL.B.B CTL 2C is shown (pHDS58) (2). A 99 "). Since the cells examined in constant region otigomer (c.) was USA as a primer for CDNA synthesis. The C, otigomer and a 

studies were all vhme c-s~cific and variable region oligomer (VssB) were used for amplification in the PCR reaction. The VssB primer 
dass 11-restricted, it was unclear whether contained two base changes (lower case) in order to generate a Bam HI site (GGATCC), and the Ca 
the limited a-chain K v i r e  reflected the primer contained a single base change in order to generate a Pst I site (CTGCAG) for doning of 

respoflSe to the antigen or the resdhg amplified transcripts. An intemal oligomer (VS8) was used fbr analysis of amplified transcripts. 

element or both. 
In order to understand the selection pro- 

~ i g .  2.  DO^ blot analysis of CDNA amplified by a cess that leads to MHC it would the PCR with he 32P-labeled V58 pfObC. (8) 0 5 10 15 20 25 30 
be advan-- to examine T cells before Analysis of RNA from the two CTL lines, 2C and .-.a- 

specific antigen stimulation. This is compli- G4, at various cycles of amplification by means of 
cated by the tremendous diversity that can the 32~-labeled Vs8 ~ r o k  RNA was ~ r e ~ a r e d  by 

be generated in the a P - h e t e d e r .  The the @dinim isothi~anafficl method 
(24). Approximately 10 pg of RNA was incubat- 

complexity ofthe a-chain locus in P ~ * X  ed with 7.5 p~ c,, 1 a deoxynu~eotides, 4 
(>lo0 V genes, J gene segments) (12- m s o d i m  pyrophosphate, 50 mMtris-HC1 (pH 
14) and the lack of suitable Va-specific 8.3), 10 mM MgCh, 12 units of RNasin, and SO -2 -3 . - .3 10 

reagents have made analyses ofthis units of reverse transcriptase in a total volume of w ----~#m 

20 4. After 30 min at 43"C, half of the material 61 
chain difEcult' We have address was brought to 100 4 in 67 mM 6 - H C I  (pH 
these issues using the plymeme chain 8.8), 6.7 mM MgC12, 16.6 mM ammonium sul- E 
reaction (PCR) (15) to amp* transcripts fate, 10 mM mercaptoethanol, 6.7 pM EDTA, 
of a specific Va gene in T cells from the 150 W deoxynucleotides, 10% dimethylsulfox- 
thymus or the periphery. Amplified m- ide, and 2 V58~. The sample was d e n a d  

for 5 min (only 1 min for additional cycles) at scrip can then be anal~zcd either h ~ -  92°C and transferred to 50°C for 1 min to allow 
br ih t ion  with Ja gene probes or by se- primer annealing. Three units of Thermus aquaticus 
quencing. We show in this report that there polymerase were added (25), and the sample was 
is preferential of vaja region incubated for 2 min at 65°C. This cycle was 

repeated 30 times with the addition of fresh 
4 

combinatiOm and that the of one polymmx at cydes 10 and 20. Five rniCTOliters of 0 
Va Ja combination found in the spleen is sample were removed  ore the first c g e  (+e E s 

approximately one-tenth that found in the 0) and after every five cydes. These samples were 30 '1 

thymus. Furthemore, N-region diversifica- treated with 100 PI of 0.1 mM NaOH plus 0.1 0 
tion is aemive with some va J, combma- mM NaCl and applied to cheSaeen Plus mem- 8. K B l as t s 

branes (Du Pont Biotechnology Systems) in a 96- 
tiom and absent with others. The results we11 dot blot apparatus. Blots were prehybridized 
imply that the Ju region, and the VaJa (1% bovine serum albumin, 7% SDS, 1.5 mM 

30 @I)( 
junction in particular, of the TCR may play EDTA, 250 mM NaCI, and 0.5M NaP04, pH 0 

a critical role during the selection of in 7.2) at 53°C for approximately 2 hours and V58 

the thymus. end-labeled with 32P was added in the same 30 
solution at 53°C overnight. Blots were washed in 

The extent of Ja segment diversity associ- 2x  standard saline citrate (SSC) and 0.2% SDS at n 
ated with a particular Vu gene was analyzed 53°C and exposed to film for 1 to 2 days. (b) 6 /c 3 p I ee 
by using a primer that is specific for v ~ ,  the Analysis of various dilutions of amplified RNA * 
va gene expressed by cytOtO~c T lympho- polydond prepndons wing 32p- 

labeled v58 probe. RNA was prepared (as de- 
CF (CTL) done 2C [VSS is called pHDS58 scribed above) from the mouse myeloma '/c Thymi 
in (2)] together with a C,-specific primer X63.653, CTZ 2C, and Con A blasts (after 2 days 
for amplification of V5sCu transcrip (Fig. of cultwe) of spleen cells from BALBlc, BALB.B, 

r C b *  
1). judged from DNA blot data, the vS8 and BALB.K mice, and unstimulated cells from BALBIc spleen and thymus. a-Chain cDNA was 

synthesized as above except that approximately 3 kg of polyadenylated RNA from the blast gene contains four to members preparations was used. After amplification for the indicated number of cycles, one-tenth of the sample 
(13). Four cDNA sequences [pHDS58 (4 ,  was used to make 3.2-fold dilutions (lo-' to loW3), and these were blotted and probed with 32P-labeled 
TA26 (14), 8110-2 (3, and C9 (7)] that VS8 as described above. 
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Specificity of amplification is shown in 
Fig. 2. RNA from CTL 2C is amplified, as 
detected by the internal 32~-labeled VS8 
probe. RNA from CTL G4 (a BALB.B T 
cell line that expresses a-chain transcript but 
not the V5$ gene segment) (2) and X63.653 
(a mouse myeloma that does not express a- 
chain transcript) is not amplified under the 
same conditions (Fig. 2, a and b, respective- 
ly). However, RNA isolated from five dif- 
ferent polyclonal T cell preparations 
[BALBlc spleen; BALBIc thymus; and 
splenic concanavalin A (Con A) blasts of 
three MHC congenic strains: BALBlc, H-  
2d; BALB.B, H-2b; and BALB.K, H-2k] 
was successfully amplified as shown with the 
32~-labeled VS8 probe (Fig. 2b). These prep- 
arations contain a heterogeneous mixture of 
T cells and thus express a relatively low level 
of the V5$ transcript (no positives in 
200,000 clones from a conventional AgtlO 
cDNA library of BALBIc splenic blasts) 
(16). From a comparison of standard con- 
centrations of plasmid pHDS58 with ampli- 
fied splenic RNA preparations we estimate 
that these PCR conditions result in 
> 100,000-fold amplification of Vs8 tran- 
scripts (1 7) .  

To analyze Vs8-J combinatorial diversity, 
we cloned amplified transcripts from 
BALBIc splenic blasts, BALB.B splenic 
blasts, and BALBIc thymus into pUC19 by 
using Pst I and Bam H I  sites present on the 
5' ends of the PCR primers (Fig. 1). Ap- 
proximately 1% of the ampicillin-resistant 

colonies were positive with a 32~-labeled V5$ 
probe. The sequences of 18 positive cDNA 
clones are shown in Fig. 3. It is clear that 
each of the sequenced a-chain cDNAs is a 
member of the V5$ subfamily. Sixteen 
cDNAs were identical to this region of the 
a-chain Vs8 sequence of CTL 2C (the two 
exceptions had single base changes). 

Of the 18 Vss sequences, 4 had rear- 
ranged to the Jss segment, 3 had rearranged 
to the J1 segment, 5 had rearranged to the J2 
segment, and 3 had rearranged to the J3 
segment. Three VS8 cDNAs contained J 
segments that were found only once (1118). 
Sequences of the J1, J2, and J3 segments have 
not, to our knowledge, been reported previ- 
ously. Previous studies of a cDNAs isolated 
from thymocytes or T cell lines have shown 
that the J, segment repertoire is significantly 
more diverse than the J segment repertoires 
of the known immunoglobulin or TCR 
gene families. In fact, random isolation of 
19 a-chain cDNAs from thymus yielded 18 
different J gene segments (14). We have 
shown that the proportion of VJ combina- 
tions in amplified cDNA reflects the actual 
level of these transcripts prior to amplifica- 
tion (18, 19). Thus it is clear that there are 
restrictions in the expression of particular 
Vs8J combinations. 

Four of the cDNAs contain a J gene 
segment (J5$) that is identical to that of the 
a chain from the BALB.B CTL 2C. Three 
of these cDNAs were derived from BALBIc 
splenic blasts and one was from BALBIc 

thymus. Since the germline Vs8 and J5$ 
sequences are known (13), it was possible to 
determine unambiguously the extent of di- 
versity at the VJ junction. There were no N- 
region additions or nucleotide deletions in 
any of the four cDNA sequences as previ- 
ously shown for the 2C a-cDNA sequence 
( 13). 

The JI gene segment was present in one 
cDNA isolate from BALBIc splenic blasts, 
one from BALB.B splenic blasts, and one 
from BALBIc thymus. Thus, like Js8, J1 
appears to be expressed preferentially with 
the V5$ gene segment although, unlike 
V5$JS8 chains, V5dl chains apparently con- 
tain extensive N-region diversity [for exam- 
ple, up to 12 base positions that differ 
between BSP6 and CSP6 (Fig. 3)]. The J2 
gene segment was present in two cDNAs 
derived from BALBIc splenic blasts and in 
three from BALB.B splenic blasts. In con- 
trast, the J3 gene segment was found in three 
cDNAs isolated from thymus but not in any 
of the cDNAs derived from spleens. As with 
V5$J1 chains, the VS8J2 and V5$J3 chains 
appear to exhibit extensive diversity at the 
VJ junction. Since the germline J1, J2, and J3 
sequences are not known we cannot exclude 
the possibility that the diversity is due to 
multiple J1, J2, or J3 gene segments. Howev- 
er, we feel this is unlikely since most, if not 
all, J, gene segments appear to be present as 
a single copy in the germline (13, 20). 

The notion that T cells expressing particu- 
lar V J, combinations may be selected in the 

2C58 GGATCCACTCGGCTGTGTACTTCTGTGCTGTGAGC 
csp17 ................................... 
csp42 ................................... 
csp45 ................................... 
CTH37 ................................... 

GGCTTTGCAAGTGCGCTGACATTTGGATCTGGCACAAAAGTCATTGTTCTACCATACA 
.......................................................... 
.......................................................... 
.......................................................... 
.......................................................... 

] .a 

csp6 ................................... TCCATGCAGCAAGGCACTGGGTCTAAGCTGTCATTTGCGACAAAGCTCACAGTGAGTCCAGACA 
BSP6 ................................... ATG---------------------------------------------------------- 
CTH36 -----------------C----------------- ATGAGGGCGCAA---------------------------------------------------------- I JI 

csp7 ................................... ATTAATGGGGGCAGTGGCAACAAGCTCATCTTTGGAACTGGCACTCTGCTTTCTGTCAAGCCAAACA 
csp26 ................................... GATACGAACTATCAGTTGATCTCGGGCTCT&ACCAAGCTAATTATAAAGCCAGACA 
C T H ~ ~ U  ................................... CCATGTTATCTCCTAGCTTCAATAAGTTGACCTTTGGAGCACGCACCAGACTGGCTGTGTGCCCATACA 

Fig. 3. Sequences of VS8+ transcripts from BALBlc and BALB.B splenic 
blasts and BALBic thymus. Amplified cDNA from BALBic and BALB.B 
blasts and from BALBic thymus (see Fig. 2) was digested with Pst I and Barn 
H I  and cloned into pUC19. After transformation, ampicillin-resistant 
colonies were lifted onto GeneScreenPlus membranes and hybridized with 
32P-labeled V58 probe; positive colonies were isolated. Both strands of the 
inserts from plasmid preparations were sequenced by the dideoxy method. 
Several sequences that did not have a discernible J segment are not included. 
CSP isolates were derived from BALBIc splenic blasts, BSP isolates were 
derived from BALB.B splenic blasts, and CTH isolates were derived from 

BALBlc thymus. Sequences are aligned with the partial V sequence from 
CTL 2C (2C58) and a break is indicated at the V-J junction, with putative N 
regions present in some cases. Identical bases are indicated by a dashed line, 
and clones that use identical J segments (J58, J,, J2, or J3) are grouped. Since 
the J2 and J3 segments contain an internal Pst I site, the 3' sequence could not 
be determined. However, we have sequenced a J segment (shown in 
parentheses for the CSP3 clone) from CTL line 2.1.1 that corresponds to the 
J2 segment (16). Transcripts (CSPl8 and CTH32) indicated by an asterisk 
have an out-of-frame sequence. These could be the result of aberrant 
transcripts or artifacts of either amplification or cloning. 
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thymus was examined fimher by blotting 
and hybridization. JS8, J2, and J3 ooligomers 
labeled with 32P were used to probe vS8ca 
amplified aanscripts from CTL 2C, BALBIc 
splenic blasts, BALBJc spleen, and BALBIc 
thymus (Fig. 4). Compared to the signal 
from VS8 probe as a standard, we found that 
the relative abundances of Js~,  J2, and J3 (as 
determined by densitometer tracing of auto- 

l as ts  I 
pteen 

lyrnus 

l lasts 

pleen 

3lasts 

ipl een 

t I) 

S 
J 3 

Thymus e 
Fig. 4. Dot blot analysis of cDNA ampmed by 
the PCR with 32P-labeled VB and J 
p m h  cDNA tmn 2cy B A ~ c  spleni% 
BALBlc spleen, and BALBIc thymus was ampli- 
fied through 30 cycles and various dilutions (3.2- 
fold, 10-1 to 10-3, as dwibed in Fig. 2b) were 
blotted onto duplicate membranes and hybridized 
with probcs wrresponding to the J2 segment (3'- 
GACGGTCAAACCCClTTG-5') or the J3 seg- 
ment (3'-GTGTCACACACCCCGACG-5'). Af- 
ter washing and exposure to film f'or about 1 day, 
blots were treated with 0.4M NaOH at 42°C to 
remove bound probe and rehybridized with a Js8 
probe (3'-TAGACCGTGITITCAGTA-5'). Af- 
ter the blots were washed and exposed to film, 
they were again stripped to remove probe and 
rehybridized to the VS8 probe. Autoradiogram 
were scanned with a densitometa to determine 
intensities of J segment signal relative to VSs 
signal. Only those values within a range of 0.1 to 
1.0 absorbance units were used to wmputc ratios 
(some values for data from the spleen were difIi- 
cult to determine because of low signal). The Vs8, 
J5% J2, and J3 probes do not cross-hybridize with 
any of ten different a-gene cDNAs derived by 
wnventional cloning from Con A blast libraries 
(17). 

radiomams) were consistent with the se- 
*en& dka discussed above. That is, the 
vs8JS8 and v5d2 chains are present in the 
spleen at approximately the same or slightly 
greater fkequency than in the thymus. How- 
ever, the VSJ3 chain is expressed in the 
thymus at approximately ten times the level 
of that in the spleen or in the splenic blasts. 
This has been fimher shown by hybridiza- 
tion ofVs8+ colonies with the J3 probe. The 
J3 segment was present in 11 of 15 recombi- 
nants from thymus, none of 25 recombi- 
nants from spleen and none of 27 recombi- 
nants from solenic blasts. 

Previous &dies of cytoduome c-spedic 
T cells have also demonstrated prderential 
Ja w e n t  usc (6, 9, 11). However, the 
exp&ion of a restricted repertoire of Ja 
gene segments with the Vs8 gene shown in 
this report must be due to selection mecha- 
nisms that occur prior to antigen stimula- 
tion. Several possible explanations may ac- 
count for such restrictions. First, it could be 
due to prefkrential mmangement events, 
analogous to the more fiequent joining of 
JH segments to the most proximal VH re- 
gions during early B cell development (21). 
It is possible that the most 5' Ja gene 
segments are the first to join to Va seg- 
ments. Although we do not know the germ- 
line positions of the J1, J2, and J3 gene 
segments, the Jss gene segment is located 
approximately in the middle of the J, duster 
(20).  en^ Ja gene proximity does not 
l l ly  explain frequent Vss to J5g joining, 
although other DNA elements could be 
involved in the preferential joining of Va 
genes with some J~ gene segments. hother  
possible explanation for resmcted a-chain 
expression is that only particular a chains 
can pair with p chains. These possibilities 
remain to be examined. 

Referential V J, expression could also be 
due to selection of T-cells during develop- 
ment. The ticquent appearance of Vs8Jsg, 
VsaJi, VsaJ2, and VsJ3 chains in the thymus 
may indicate that cells bearing these TCRs 
have survived due to reactivity with self- 
MHC determinants. We assume that this 
process requires the expression of appropri- 
ate p chains in association with these a 
chains (see below). 

The observation that expression of the 
Vsd3 a chain is reduced-tenfold in the 
periphery suggests that T cells bearing this 
chain are prevented from migrating out of 
the thymus, perhaps because of reactivity 
with self components. This finding may be 
analogous to recent repom that T cells 
expressing VB8.1 (22) or VB6 (23) are de- 
leted during development in the thymus of 
Mlsa-bearing mice. 

Since BALBIc (H-2d) and BAL.B.B (H- 
2b) mice express identical (for example, 

Vsdss) a chains in some of their mature T 
cells, other featum of the TCR must distin- 
guish H-2d from H-2b restricting elements 
in these cells. In addition, BALBIc, 
B&B.B, and BALB.K mice express approx- 
imately equivalent leveh of VssJss aan- 
scripts in the thymus and spleen (17). Thus, 
T cells expressing the V5aJs8 chain may be an 
example in which the p chain is the deter- 
mining factor for distinguishing polymor- 
phic MHC determinants as shown for other 
T cells (8, 10). 

The extensive Va J, junctional diversity 
present in some combinations (Vsdl, VssJz, 
and VSJ3) suggests that the N region may 
also play an important role in ligand 
(Ag/MHC) binding. Intmstmgly, each of 
the three VsaJl junctions contains a methio- 
nine residue ( d o n  ATG) generated by 
nudaotide addition, and each of the three 
VSJ3 junctions contains an alanine residue 
( d o n  GCC or GCA) generated by nudeo- 
tide addition. It is possible that spedic 
amino acid side chains at this location with- 
in the a chain are critical tbr biding. Amino 
acid position 100 (a residue at the V-D 
junction) in the p chain from cytochmme c- 
speci6c T cells is relatively invariant, sug- 
gesting that it may be involved in binding 
either qtochmme c or the class I1 MHC 
product (1 1). Hence, it is likely that residua 
encoded by the N regions of both the a 
chain and the p chain are important contact 
residues. Since TCRs containing the a 
chains described in this report are presum- 
ably not reactive with the same nominal 
antigen, it is possible that MHC determi- 
nants may be the ligands for these interac- 
tions. 
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Triassic- Jurassic Extinctions 
P. E. Olsen et a l .  ( 2 )  add an important taxa that approach or cross the Triassic- 

new data point to the emerging pattern of Jurassic boundary, only 17  (50%) are pres- 
Late Triassic and Early Jurassic extinctions ent in the Newark. Moreover, all 17, as 
and survivals among terrestrial vertebrates. represented in the Newark, are (i) monotyp- 
The principal value of the new Nova Scotian ic-represented by only one genus and spe- 
quarries is their rich record of diversity cies-suggesting the group was already on 
within a tightly defined temporal interval at the wane; (ii) represented by scrappy mate- 
a point early in the Jurassic. Yet, as the rial that cannot be identified below the high 
authors note, no new presences or absences taxonomic level listed-thus providing no 
of taxa are recorded in this fauna that are not real measure of the pace of change of diversi- 
already known from other Early Jurassic ty; or both (i) and (ii). Four extinctions 
localities. What further inferences are war- (three of which are obviously pseudoextinc- 
ranted? tions) occur in the next 2-my interval (3, 

The authors suggest two extreme hypoth- figure 25.6, reproduced in Fig. 1). 
eses of the pace of Late Triassic extinction The Newark's scrappy osteological re- 
events (catastrophic versus gradual, on the cord, even supplemented by its rich but 
order of "tens of millions" of years). Data temporally spotty footprint record, cannot 
already suffice (2-4) to place the extinctions support generalizations about the pace of 
of these groups within the Late Norian [5 
million vears (mv'l or lessl. The new reDort 

\ , /  

brings the temporal range of these extinc- 
tions to less than 1 my-although only in 
the Newark Supergroup. This level of tem- 
poral and geographic resolution is far too 
coarse to permit a choice between "cata- 
strophic" and more gradual ecological 
hypotheses, even if special explanation of the 
extinction pattern were warranted. 

Olsen et al.  base their hypotheses of rapid 
extinction in the latest Triassic on evidence 
stratigraphically below the new Nova Sco- 
tian sites. Latest Triassic correlation data 
come from a remarkable variety of sources, 
including pollen and spores, radiometric 
dates, bones and footprints of vertebrates, 
and remarkably fine microstratigraphic cor- 
relations of the Newark lake beds. Olsen et 
al ,  infer that the pattern of latest Triassic 
extinctions in the Newark Supergroup is 
representative of global change; it may be, 
but do the data show this? Of the 6 1  families 
and higher taxa of terrestrial vertebrates 
shown in their figure 2, only 23 (fewer than 
40%) are known in the Newark. Of the 34 
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Family 

Capitosauridae 
Raulsuchidae 
Kannemeyerlldae 
Doswelllidae 
Chinlquodontldae 
Tanystropheidae 
Traversodontldae 
Metoposauridae 
Kuehneosauridae 
Stagonolepidldae 
Procolophonidae 
Phytosaurldae 
"Fabrosauridae" 
Sphenodontldae 
Procompsognathldae 
Trithelodontldae 
Stegomosuchidae 
Anchlsauridae 

extinction of latest Triassic taxa. During the 
last 2-my interval of the Triassic, only two 
taxa made their last appearances in the .~ew-  
ark (1, note 18; 3, figure 25.6, reproduced 
in Fig. 1). These were the procolophonids, 
known only from the endemic genus Hyp- 
sognathus, and the phytosaurs, known only 
from indeterminate remains generally re- 
ferred to the genus Rutiodon. The possible 
phytosaur footprint Apatopus and the pseu- 
dosuchian footprint Bvachychivothevium are 
also last represented during this interval (3, 
figure 25.9). The affected taxa are sparsely 
represented and already low in diversity by 
that time; moreover, two taxa do not a mass 
extinction make. The 12 other taxa that 
breathed their last sometime during the 
Norian are not represented in the upper- 
most part of the Newark. 

What seems equally significant is the first 
appearances of four higher taxa (theropod 
and sauropodomorph dinosaurs, protosu- 
chian crocodiles, and trithelodontid therap- 
sids) in the earliest Jurassic of the Newark. 

Stages 
(millions of years ago) 

Fig. 1. Distributions of skeletal remains of tetrapods in the Newark Supergroup (from 3). The patterns 
shown here by the 2-my scale contrast with those shown by the coarser scale of Triassic-Jurassic stages 
in figure 2 of Olsen et al .  (1). The Triassic-Jurassic boundary is set at 208 my ago, between the Norian 
(N) and Hettangian (H) stages. Other abbreviations for stages are as follows: A, Anisian; C, Carnian; S. 
Sinemurian; P, Pliensbachian; T, Toarcian. 
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