
differ significantly from the femoral epiphy- 
ses of extant juvenile crocodilians and pre- 
cocial birds when the latter are prepared by 
bacterial maceration to remove the articular 
cartilage cap (Fig. 3). Thus, long bones of 
Maiasaz~ra probably originally had a typical 
archosaurian articular fibrocartilaginous cap. 
In life, this dinosaur's long bones were prob- 
ably similar to those of all extant archosau- 
rians, whether altricial or nrecocial. More- 
over, the femoral growth plate of perinatal 
Maiasaura is similar to that of a 2-week-old 
chlcken (Gallus), a thoroughly precoclal 
taxon (8). 

Embryonic femora of the hypsiloph- 
odont ornithopod Orodromeus (Archosau- 
ria: Ornithischia) were described as having 
"well formed, smooth condyles which, al- 
though f~llly ossified in appearance, are 
formed entirely of calcified cartilage. EnJo- 
chondral bone is not observed in the  epiph- 
yseal or metaphyseal regions" ( I ,  p. 256). 
This descrintion is ~ rob lemat i c  insofar as in 
extant, perinatal archosaurians, whether al- 
tricial or precocial, articular condyles of the  
long bones are not composed of calcified 
cartilage. Calcified cartilage forms in the  
deepest layer of the  growth zone, where it is 
a scaffold for the  deposition of new endo- 
chondral bone. Without the  association he- 
tween calcified cartilage and endochondral 
bone, there is no  capacity for long bone 
elongation. Consequently, we sllggest that 
interpretation of perinatal long bone struc- 
ture in Orodronzeus deserves reexamination. 

Data from extant snecilnens indicate 
that there are no  qualitative differences in 
the  de\,elopment of long bone e p i p l ~ ~ s e a l  
structure in archosaurians, whether altricial 
or precocial. It has also been suggested that 
the lack of well-formeii processes for m~lscle 
attachment (for example, trochanteric pro- 
cesses) in neonatal Maiasaz~ra may be indic- 
ative of its altricial nature ( I ) .  However, 
well-fixmed processes J id  not exist in any of 
our precocial or altricial neonatal speci- 
mens. These processes apparently form 
much later in response to muscle-induced 
mechanical stresses o n  the  lone bones. 

It has also been hypothesizeii that con- 
temporaneous preservation of juvenile and 
adult Maiasatira in or near presumed colo- 
nial nesting sites somehow indicates that 
neonates were altricial and that the  young 
were completely dependent o n  adult care. 
However, this evidence is equivocal: par- 
ents and juvenile crocoiiilians, as well as 
some precocial birds [for example, many 
shorebirds (Cl~araJriifc>rmes)], often remain 
in or near colonial nesting sites for some 
time after hatching ( 9 ,  10). 

Similarly, the  discovery of eggs in close 
association with a n  adult Oviraptor has 
been internreted as evidence of birdlike 
parental behavior, including perhaps en-  
dothermy and inc~lbat ion of eggs by adults 

( I I ) .  However, nest-attendine and brood- 
ing behavior is widely distributed among 
extant crocodilians, lizards, snakes, and 
amphibians ( 1  2-1 5). For example, female 
crocodiles (Crocodiltis niloticus) often rest 
their lower throat or thorax directly o n  
the  nest for the  duration of the  90-day 
incubation period (1 6 ) .  Speculation re- 
garding parental inc~lbation of eggs and en- 
dothermy based on the apparent brooding 
behavior of Ozliraptor are, a t  best, tenuous. 
Current evidence suggests that the  nesting 
behavior of dinosaurs was likely similar to 
that of modern crocodilians. 
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Concentrations of Tropospheric Ozone from 
1979 to 1992 over Tropical Pacific South 

America from TOMS Data 
Yibo Jiang and Yuk L. Yung* 

An estimate of tropospheric ozone concentrations was obtained from the difference in the 
Total Ozone Mapping Spectrometer (TOMS) data between the high Andes and the Pacific 
Ocean. From 1979 to 1992 the tropospheric ozone concentration apparently increased 
by 1.48 i 0.40 percent per year or 0.21 i 0.06 Dobson unit per year over South America 
and the surrounding oceans. An increase in biomass burning in the Southern Hemisphere 
can account for this trend in tropospheric ozone concentrations. 

Tropospher i c  0, plays a key role in reg- 
ulating the  chemical composition and cli- 
mate of the  troposphere ( I ) .  T h e  photol- 
ysis of 0, forms O ( ' D ) ,  which reacts with 
H 2 0  to  fi>rm reactive HO, radicals in the  
troposphere. These radicals in turn  under- 
go a series of chemical reactions that  are 
important for the  lifetimes of a large num- 
ber of gases (fix example, CH4, CO, and 
CH,X, where X is a halogen or nitrile). 
Moreover, 0, is associated with air pollu- 
tion. Its increase in  the  atmosphere is of 
concern because of its deleterious effects 

o n  vegetation and human  health.  
There 1s general agreement that tropo- 

spheric 0, concentratlolls have increased 
in recent decades in the  temperate iolles in 
the  Northern Hemisphere, but trends seem 
to vary geographically and temporally. A 
regional increase in tropospheric 0, con- 
centratlolls was first documented by 
Warmbt (2 ) ,  who analyzed a 20-year record 
of surface 0, measurements at stations in 
Germany between the  mid-1950s and 
1970s. Analyses of the vertical dependence 
of the  0, concentrations were then at- 
tempted, based o n  the record of oionesonde 

Dlvlson of Geologca and Planetary Scences. Caforna readings (3-6). These s t~lJ ies  typically 
lnstltute of Technology. Pasadena, CA 91 125. USA. showed an increase in 0, concentrations of 
*To wliom correspondence should be addressed about 1% per year in the  lower troposphere. 
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However, detailed analysis revealed that 
from 1979 to 1982 the 0, concentrations in 
the layer from 0 to 5 km varied from year to 
year by -2 to 3% per year among 12 ozone- 
sonde stations at mid- and high-latitudes in 
the Northern Hemisphere (5) .  Recently, 
Tarasick et al. (7) found that tropospheric 
O3 concentrations had decreased over Can- 
ada from 1980 to 1993. On the other hand, 
there have been few measurements in the 
Southern Hemisphere. In this study, we 
used space-borne measurements of tropo- 
spheric 0, to show that tropospheric O3 
concentrations have increased over Pacific 
South America from 1979 to 1992. 

The Total Ozone Mapping Spectrome- 
ter (TOMS) instrument on the Nimbus 7 
spacecraft was used to measure the spatial 
distribution of total 0, from 1978 until 6 
May 1993. By scanning across the track of 
the satellite, TOMS obtained data between 
successive satellite orbital tracks. We used 
the daily TOMS gridded 0, data of Version 
7 (8) (on a 1" by 1.25" grid in latitude and 
longitude) from 1979 to 1992. The im- 
provements of Version 7 over Version 6 
that are essential for this work are as fol- 
lows: (i) improved International Satellite 
Cloud Climatology Project (ISCCP) cloud 
height climatology and higher resolution 
terrain height maps, (ii) use of a more ac- 
curate model for partially clouded scenes, 
and (iii) improved radiative transfer calcu- 
lations for table generation. The most im- 
portant improvement for this work is the 
removal of the overestimate of the total 0, 
due to the low marine stratus clouds. 

The high Andes along the west coast of 
central South America and the nearby 
ocean provides a topographic contrast in 
which the TOMS data can be used to ex- 
amine 0, concentrations in the lower tro- 
posphere by difference. The highest moun- 
tain in Peru is 6768 m above sea level, and 
the highest mountain in Chile is 6908 m 
above sea level. Therefore, the total column 
0, measurement by TOMS in these regions 
will be above the bulk of the troposphere. 
For a region spanning only a few degrees in 
latitude and longitude, we assume that the 
vertical distribution of O3 does not change 
(9). Taking the January 1980 column O3 
map as an example (Fig. I) ,  the column 0, 
is relatively smooth in the east-west direc- 
tion over South America, except for the 
region near the Andes, where 0, concen- 
trations are low. Because TOMS measured 
column 0, from the top of the atmosphere 
to the surface of Earth, the difference in the 
TOMS column O3 from the mountains to 
the surrounding ocean gives the column 0, 
value from sea level to the top of the moun- 
tains about 6 km above sea level. 

To examine trends in this difference, we 
analyzed monthly mean TOMS column O3 
values averaged over a selected 24 points 

7a0 no Fig. 1. Monthly averaged 
column 0, for January 1980 

-.- from TOMS. The black dots 
om are the 24 ~oints used in the 

analysis. h e  TOMS data ' 8 are from (8. 
"d 

over the Andes and the oceans (Fig. 1) 
(10). From 1979 to 1992, the ocean (high- 
er) O3 showed no obvious trend (Fig. 2A), 
which is consistent with results in the equa- 
torial region (1 l ). However, the difference, 
the tropospheric column 0, in the layer 
from 0 to 6 km (Fig. 2B) (1 2), has increased 
by about 1.48 + 0.40% per year relative to 
the reference tropospheric column 0, of 
14.34 DU in 1979, which is consistent with 
the trend obtained through the use of the 
tropospheric residual technique (1 3,  14). 
This value is equivalent to an increase of 
0.21 ? 0.06 DU per year. The years with El 
Niiio events (1982-1983 and 1986-1987) 
are marked by lower O3 values. 

Some comparison of these results is pos- 
sible if we use the ozonesonde measure- 
ments taken nearby at Natal, Brazil (6"S, 
35OW) (1 5 ,  16). Data have been obtained 
here from 1978 to 1988; however, these 
data are relatively sparse and the times of 

5 25 
e 
0" 
c 20 
5 - 
8 
-0 15 

: 
B g 10 +El Niiio +El Nillo 

e 
1980 1982 1984 1986 1988 1990 1992 

Year 

Fig. 2. (A) Averaged column 0, over the mountain 
region (low O,, dotted line) and over the nearby 
ocean (higher O,, solid line). (B) Tropospheric col- 
umn 0, from sea level to 6 km is shown with a 
straight line as a linear least squares fit to the data. 
The slope of the line is 1.48 2 0.40% per year. 
Two major El Niiio events are indicated by shaded 
regions. 

the 0, soundings are unevenly distributed 
(16) and are not adequate to study 0, 
trends. although thev can be used to assess - 
our tropospheric column 0, calculation. 
Our estimate shows an O3 column of 20.29 
DU in the layer from 0 to 6 km in Septem- 
ber 1987 as compared with about 16.33 DU 
at Natal. In addition, both data sets show 
high concentrations of O3 from August to 
November in each year. Considering the 
roughness in the calculation of column O3 
at Natal, the two data sets agree. 

A likely cause of the increase in 0, 
concentrations is an increase in biomass 
burning (13, 14). As shown in Fig. 3A, 
which plots the rate of the biomass burning 
(17) from 20" to 30°S, the seasonality of 
the tropospheric 0, is well correlated with 
the seasonalitv of the rate of biomass burn- 
ing. Both O3 column amounts and rates of 
biomass burning were high from August to 
November in each year. Although it is hard 
to separate the stratospheric sources from 
anthropogenic sources of tropospheric O,, 
this result suggests that the higher values of 
0, between August and November are the 
direct consequences of biomass burning. 
The anomalous low 0, concentration in El 

Fig. 3. (A) Climatological tropospheric 0, (solid 
line) averaged from 1979 to 1992 (1 SD) and bio- 
mass burning (dashed line) in the latitude belt from 
20" to 30"s (1 7). To convert from grams of bio- 
mass to grams of carbon, multiply by 0.5. (B) 
Tropospheric 0, trends (DU per year) in each 
month from 1979 to 1992 (1 SD). 
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Nilio ye~lrs ma\- lie ,I ri's~llt of ,I ilecrease in 
I~ic>m,ls\ b ~ l r n i i ~ g  Llurillg these n-etter year. 
(18) .  

,411 analysis of tropospheric 0, trellri. 
fi-om 1979 to 1992 for each m o l ~ t h  (Fi,u. ?A) 
suliports this concl~ision. T h e  tre~lcls are 
higher, arou11d 3.33 D U  per year, l~etn-een 
. A L I ~ L I ~ ~  , I ~ J  Novemller versus ahout 3.13 
L>C per \ear  a t  o t l ~ e r  t ~ m e s .  
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Direct Measurement of Coupling Between 
Dendritic Spines and Shafts 

Karel Svoboda, David W. Tank, Winfried Denk* 

Characterization of the diffusional and electrotonic coupling of spines to the dendritic 
shaft is crucial to understanding neuronal integration and synaptic plasticity. Two-photon 
photobleaching and photorelease of fluorescein dextran were used to generate concen- 
tration gradients between spines and shafts in rat CAI  pyramidal neurons. Diffusional 
reequilibration was monitored with two-photon fluorescence imaging. The time course of 
reequilibration was exponential, with time constants in the range of 20 to 100 milliseconds, 
demonstrating chemical compartmentalization on such time scales. These values imply 
that electrical spine neck resistances are unlikely to exceed 150 megohms and more likely 
range from 4 to 50 megohms. 

D e l l L ~ r l t l c  spines are ,I prominent fe,iture ot 
1leur011\ 111 the central nervous system, hut 
t h e ~ r  f~111ctio11 is ~ ~ n k n o \ v n  ( I  ) .  S p e c u l a t ~ o i ~  
regiiril~ny the f ~ ~ n c t ~ o ~ ~  of sylnes has ce11- 
tereii o n  the ilitf~lsion,~l and electrical resis- 
tance o t  the narrolv neck t h , ~ t  coi~nccts  
spine\ to iienilr~tlc shafts (2-10). I ' lo i le l~i~g 
sr~ldies cyfieest that synapticall\- induceii 
Ca" c ~ i ~ c e l l t r ~ i t i i ~ ~ ~ s  111 . L ~ I I I C ~  c o ~ ~ l i l  reach 
lllici-olllolar 1-alues (8. 9 )  and thereby con- 
trol hloche~llical processe\ c e ~ l t r ~ i l  to syllap- 
t ~ c  plastic~ry (lC-12). T h e  spine he,icl 
n.0~11,l thus f i l n c t ~ o i ~  a'; a chemical cornpart- 
ment,  isolating the  collcentratio~l  dynamics 
ot' iiltr,icell~~lar me~.engers frolll the parent 
shaft a n ~ l  ne~ghhorlng .pines ancl l.ro~iLling. 
ii)r example, the h~ophy.ical hasis for homo- 

Bioog cal Co lnp~~ta ton Research Del;ar?inent Bell Lab- 
oratories Lucent Technologies E00 Mountain A\,enue. 
Murra, H I  NJ 07974 LIS4 
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syniiptic bpec~f~ciry 111 long-term potent~,i-  
t ~ o n  (13 .  12) .  Spine necks 11,ive heel1 hy- 
lx)tl~eslreii ti) ~ n f l ~ ~ e n c e  synaptic s t rengt l~  
(2-4), ci~l i l  spine. have been yroposeii to ,ict 
as iilscrete electrical compartment. ( 2 ,  3 ,  
5 ) .  For iplne neck c ~ ~ r i ~ i u c t , ~ n c e  comparal-le 
to s\-naptlc c o ~ ~ i l ~ ~ c t a ~ ~ c e ,  the  s v ~ ~ a p t l c  c~ l r -  
rent ilepenils on  neck re.~.tai~ce, a11J 
c h a n ~ e s  111 neck eeometry coulil contl-ol 
synaptic n-ei8ht ( 3 .  4 ) .  T h e  neck resistance 
~ i l l ~ h t  be tljo small to aft'ect synaptic cur- 
rents i i ~ r e c t l ~ ,  but \ t ~ l l  large e11ougl1 to 111- 

crease synaptic potentials in the head, with 
respect to the shaft, sufi'icientl\- to l~n l i t  the 
acti~,,itior-i ot 1.oltage-controlleil c o n i l ~ ~ c -  
tances to the .pine head (5 ) .  A measure- 
llleilt o t  spine neck 1-es~st,ince is reiluireii t c  
test these hypotheses. 

Their sm,ill size (< 1 p m )  has pre~~entecl 
direct electroC1~y.iological in\,estigat~on of 
,ylne\. Ser1,il-qecticnn electron microscopy 

(SSEL?) 1x1s pro\.iiied illt;>rmatlon a b o ~ ~ t  
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\pine geometry, n,hlcll has heel1 used to 
llloliel the biophys~cal prc>perrles of spines 

(5-9). Hon~ever ,  ~ l i t t ~ ~ s ~ o n a l  anil electr~cal 
neck resl.tances are ~ i ~ t l ~ ~ e i ~ c e i i  h \ ~  ~ntracel -  
lular structures auch '1s the spine neck ap- 
LTaratus 15) and are se1151t1ve f~~ncr l ( jn .  of 
neck geometry, \vhich can be \ul-iject to 
illstortion dnrinil the flsatlon tirocess. r\c- 
~~11l1~11;it i i j i l~ of C C i 2  call be loc,ili:eil to 
indlr~~i iual  spllles (1 3-1 6) and can,  in f,ict, 
a c l ~ ~ e \ ~ e  nl~cromol,ir concentra t~ons  (1 7). 
T h e  spatiotempcxal dynam~cs  ijf ~ntr,icellu- 
lar tree C a ' ~ '  c o ~ ~ c c ~ ~ t i . a t i o n  ([Ca'~'  I , )  are. 
ho\ve\,ei-, markedly ;iepenilent 011 hnfferin: 
anid acti1.e e s t rus~on  (18-LC), n.hich Are 
porxly cl~aracter~zeii  ,it the  spine level- 
precl~l~linfi  ,111 eiti~xxite of neck 1-eq~itance 
fro111 [Ca2+] ,  meas~~remen t s  alone. T h e  tune 
course anii spatla1 loca l i : a t~o~~  of c l ~ a ~ l g e s  in 
[Ca'-1, might differ from those for other 
iliff~lsihle molecules. W e  have I I L ~ V  mea- 
iui-ed the ilitt~~slon,il exchange l-et\veen 
spine heiiid anid ~ i e n d r ~ t i c  h a f t  ~ v i t h  the use 
o t  f luoresce~~ce recover\- after photobleac1~- 
111g (21)  anid t l~~orescence ilecav after pho- 
toact~vat lon (22) .  T h e  i l~lantit ,~tive relation 
hetn-eel1 iiiff~lq~011 anid electrical c o n i i u c t ~ o ~ ~  
(23)  the11 allowe~i us to estimate the sli111e 
neck conductance. 

For the p l~otohle , ich~ng expe r ime~~t s ,  
C X 1  neurons in r,it hippr)campal sl~ccq 
ne re  filled 1~1tl1 tluorescein destran (FD) by 
n.hole-cell perfusinn (24)  and imaeeii n.1t11 
two-photon laser scanning microscopy 
(TPLSht)  (Fig. 1 A )  (25 ,  26).  l l endr~r i c  
spulle coul~l  be cle,irly resolveil (FI. 1R) ,is 
far ;is 153 p ~ n  l-elon the slice SLII-face. W e  
L I ~  t lvo-photoi~ e x c i t a t ~ o ~ l  to ,icl~ieve ( i )  
the necesary sp,itial conf~nemen t  of 
l i l e a c h ~ n ~  or phoroact i \ .a t~ol~,  cruclal for 




