
transiently expressed in the now-closed neu- 
ral tube. An important facet of the expression 
pattern of FGF-I9 is that, as the authors 
demonstrate, it colocalizes with otic-inducing 
activity. If the FGF-19-expressing meso-

derm is cocul- 
tured with ear- 
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that FGF-19 could induce the expression of 
Wnt-8c in early embryonic ectoderm in cul- 
ture. Thus, Wnt-8c is a prime candidate for 
the neural signal working with FGF-19 to 
induce the otic placode. So, they proceeded 
to analyze the abilities of these two factors, 
both independently and together, to promote 

otic development. As before, they 
found that FGF-19 alone could not 
promote otic development, but that 
Wnt-8c, on its own, induced the 
expression of one otic marker, 
FGF-3. However, Wnt-8c was un- 
able to direct the robust expression 
of any other otic marker. In con- 
trast, if ectoderm was treated with 
both FGF-19 and Wnt-8c, there 
was strong expression of a gamut 
of otic markers and the ectoderm 
began to acquire the morphology 

vides us with a clearer picture of how the in- 
ducer tissues initiate inner ear development 
(see the figure). This process begins with the 
mesoderm: Through production of FGF-19, 
the mesoderm signals to the overlying neural 
plate inducing the expression of Wnt-8c in 
this tissue, and to the ectoderm, which then 
gives rise to the otic placode. Subsequently, 
Wnt-8c and FGF-19, emanating from the 
hindbrain, act together on this ectoderm to in- 
duce the otic placode and thus to initiate inner 
ear development. 

The fact that FGF-19 can induce expres- 
sion of Wilt-8c in presumptive neuroecto- 
derm also suggests that FGF-19 plays a part 
in patterning the neural tube. This is in keep- 
ing with previous work on neural patterning 
that implicated an undefined FGF activity in 
regionalizing the neural plate into midbrain 
and hindbrain territories (4). Hence, it is 
likely that FGF-19 is acting specifically to 
pattern the central hindbrain temtory along- 
side which the otic placode forms. It is with- 
in this temtory that the auditory nuclei of the 
brainstem arise (5).Thus, FGF-19 could be 
pivotal in ensuring the coordinated develop- 
ment of both the inner ear and its neuronal 
transducing apparatus. 

~~~,~'~~n, science ,52, 25 (lg66). 
2. 	R. K. Ladher, K. U.Anakwe,A. L. Gurney, C. C.Schoen-


wolf, p. H.Francis-West,Science 290,1965 (2000). 


::~~"~~2;~;~~~~;~~~~[$~2~,90147(Igg3). 

5. F. Marin, L. Puelles, Eur. J. Neurosci. 7,1714 (1995). 

Breaking the silence. A transverse section through a chick 
embryo showing the relative positions of the mesoderm, of the otic placode. It is notewor- 
neural plate, and presumptive otic placode, which develops thy that the otic induction driven 
intothe inner shown are the signaling by the combined action of FGF- ear, ~l~~ molecules 
that induce formation of the oticplacode, ~ i ~ ~ t ,  19 and Wnt-8c is direct, and does the meso-
derm produces FGF-I~,which thefl signals to the overlying not require the prior induction of 
neural plate and ectoderm.The neural tissue then produces neural tissue. However, because 
Wnt-8c, which acts in concert with FGF-19 to induce the these two factors did not elicit the 
adjacent ectoderm to become the otic placode. 

ly embryonic ectoderm in the laboratory, then 
the expression of a broad range of otic mark- 
ers is induced in this tissue, including the for- 
mation of auditory hair cells, which mark the 
terminal stages of inner ear differentiation. 
By contrast, other mesoderm that did not ex- 
press FGF-19couldnot induceoticmarkers 
in this ectoderm. Similarly, otic markers 
could be induced in early ectoderm when it 
was cocultured with FGF-19-expressing 
neuroectoderm and its adjacent mesoderm. 
Although FGF-19 expression colocalizes 
with otic inducing activity, Ladher et al. 
found that the FGF-19 protein alone could 
not promote the expression of otic markers in 
either nonotic ectoderm or presumptive otic 
ectoderm. This protein could, however, elicit 
an otic response in these tissues if neural tis- 
sue was included. Thus, FGF-19 itself can 
only direct otic development provided anoth- 
er neural-derived signal is also present. 

Taking their cue from studies in the frog 
Xenopus showing that FGFs often work to- 
gether with another group of signaling 
molecules (the Wnts), Ladher and col- 
leagues investigated whether Wnt-8c was 
the second otic inducer. This signaling 
molecule was already known to be ex- 
pressed in the area of the neural tube closest 
to the region (3) where the otic placode 
forms. On closer scrutiny, they found that 
Wnt-8c was expressed in the neural tissue 
overlying the FGF-19-expressing meso-
derm, and that at later stages Wnt-8c and 
FGF-19 were located in the same area of 
neural tissue. These authors also showed 

formation of cochlear inner hair 
cells in the cultured ectodermal 

explants, other signals may be required to 
promote full inner ear development. 

Although previous investigations of otic 
induction identified the mesoderm and the 
neural tissue as inducers, the new work pro- 
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Glacial CLimate Instability 
Laurent Labeyrie 

Throughout the last glacial period, 
rapid climatic changes left their 
mark in the glacial ice in Greenland. 

During each of these Dansgaard-Oeschger 
(D-0) events, named in honor of the initial 
leaders in their study, an initial warming of 
10°C or more within a few decades was 
followed by a gradual cooling over about 
1000 years. Twenty-one such events oc- 
curred between 75,000 and 15,000 years 
ago (75 to 15 ka). Because the events were 
so similar over tens of thousands of years, 
they are ideal targets for testing our under- 
standing of climate change and developing 
climatic change models. Important steps 
toward understanding D-0 events, particu- 
larly regarding the role of the low lati- 
tudes, are now reported by Hughen et al. 

e s a i r d r i 
=NRS-=EA, 91198 Cif-sur-Yvette, France. 

E-mail: laurent.labeyrie@lsce.cnrs-gif.fr 

(I)  on page 1951 and Peterson et al. (2) on 
page 1947 of this issue. 

Preliminary low-resolution studies (with 
a resolution of -500 years) of North At- 
lantic sediment cores have indicated that D- 
O events are probably driven by oscillations 
of the polar front and associated changes in 
the convective thermohaline ocean circula- 
tion. The slow cooling may be caused by in- 
put of melt water from continental ice 
sheets into the surface waters of the high- 
latitude Atlantic Ocean, interrupting deep 
water formation. At the end of the melt wa- 
ter event, the thermohaline circulation 
would restart rapidly, at the same time as a 
northward shift of the polar front and warm 
conditions over Greenland (3-6). Low lati- 
tudes may also be affected but are not nec- 
essarily in phase with the high latitudes (7). 

To fully understand the mechanism that 
drives D-0 events requires well-dated ocean 
paleoclimatic records with much higher res- 
olution (a few decades to a century). Such 
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high-resolution sediment records require high To determine the correct mechanism, it (I) present an impressive high-resolution 
sedimentation rates (20 cm or more per 1000 is important to show whether the low-lati- accelerator mass spectrometry (AMS) 14C 
years) and minimum perturbation by benthic tude changes lead or lag those in the high record that provides a high-precision cali- 
(bottom-dwelling) organisms. The ODP latitudes. This is why high resolution and ac- bration for converting radiocarbon dates to 
(Ocean Drilling Program) and IMAGES (In- curate dating are so important. The Cariaco calendar years for the period from 15 to 10 
temational Marine Global Change Study) (8) Basin is very interesting in this regard. Iso- ka. They also demonstrate, in unprecedent- 
play major roles in the acquisition of the nec- lated from the open ocean by a shallow sill, ed detail, to what extent C02 transfer be- 
essary sediment cores, but few ideal coring it reflects only the characteristics of the up- tween ocean and atmosphere changes dur- 
locations have been identified, among them per ocean. Its bottom waters are often insuf- ing times of rapid climatic change and de- 
the Cariaco Basin in the Southern termine the contribution of these 
Caribbean Sea and the Santa Bar- 3 i changes to 14C variability. 
bara basin along the California 4 1, Using their new 14C calibra- 
coast. Both allow the study of low- 5, - tion, Hughen et al. build a very 
latitude climate during D-0 events. a . E  2- precise (calendar year) time scale 
This is important because the low E 2.5- for the Cariaco Basin records for 
latitudes may play a key role in zs the period of the Younger Dryas. 
driving D-0 events. Any satisfacto- 7.5- 

This gives an excellent high-reso- 
ry D-0 mechanism must explain 8 lution record on the same time 
the interaction between low and 6: scale (within a few decades) as 
high latitudes. 3 the Greenland Ice Sheet Project 

8 4.5: As indicated above, oscilla- g (GISP) record. Interpretation is 
tions created by the high-latitude hampered, however, by the use of 
interactions between ice sheets, 2 1.5 - a relatively qualitative proxy tem- 
surface water, albedo, atmospheric 8 E 2- perature record, "gray scale." 
dynamics, and deep water convec- 5 Modern analogy would indicate 
tion and transport could explain Hf 2.5- that the lighter sediment during 
rapid and large-amplitude shifts in 5 $ 3- the Younger Dryas corresponds to 
the polar front and air tempera- 9 high upwelling activity and high 
ture. Lower latitudes could be af- , trade wind intensity over the 
fected indirectly through a south- 8 Southern Caribbean Sea (9). This 
ward shift of the Intertropical g -37- 

would fit with Riihlemann's re- 
Convergence Zone (ITCZ) and the 

q 
construction of warmer sea sur- 

associated trade wind belt at times n -39 face temperature in the western 
of maximum extension of the po- 8 tropical Atlantic for that period 
lar vortex. If this mechanism is 4'- 

- I (7), but only if stronger trade 
correct, then climatic changes at o -43- winds are linked to a more pro- 
low latitudes of the Northern % nounced warm pool in the area. 
Hemisphere should lag behind 15 cu c3 JU JJ 4u 43 DU PP 60 Peterson et al. (2) explore a 
those in high-latitude temperature. Calendar age ("1000 years) longer part of the Cariaco record 

But it is also possible that the comparison of climatic change records for the last glacial peri- spanning most of the past 90 ka. 
low latitudes play a major role in od. Foraminifera1 6180 is a proxy for relative sea surface temperature Here, no direct continuous interan- 
at least one aspect of the oscilla- (SST) changes. Fe content is a proxy for rain and detrital fluxes from nual layer counting is possible. To 
tion cycle. Water vapor (snow) the nearby continent. Time scales derived from AMS 14C dating and establish a time scale for their 
transfer through the atmosphere correlation with the GISP-2 5180 record (74  7 7). (A) 5180 of plank- record, the authors assume that the 
to the northern ice sheets could tonic foraminifera from ODP hole 893A, Santa Barbara basin (72). (B) climatic relation bemeen the Cari- 
increase dramatically during Fe record from ODP hole 1002C, Cariaco Basin (3. (C) 6180 of plank- ace and Greenland records remains 
glacial periods. long as this tonic foraminifera from core MD95-2042, Iberian margin (73). (D) the same for the whole glacial peri- 
water remains on the continents SST record derived from foraminifera species distribution in core od as during the Younger Dryas. 

5082-5, lrminger Sea. (E) Greenland GISP-2 6180 record (77).Timing The cold events in the GISP-2 as ice' the thermOhaline circula- of large meltwater Heinrich events (H2 to H6) from (3, 4, 74). The record are thus to be in stays active' But when the ice North Atlantic records (C and D) track the south-north oscillations of phase with the 
light parts of the sheet grows it becomes un- the polar front for all D-0 events. Each record has its own dynamic, 

massive ice-rafting (Hein- but strong links are demonstrated by their detailed similarity. Cariaco record. The corresponding 
rich) events will cause a decrease correlation is impressive, although 
in thermohaline circulation because the ficiently ventilated and become anoxic. The we should remember the absence of inde- 
fresher, less salty waters do not sink to the basin does not support an active benthic fau- pendent absolute dating. A high-resolution 
bottom. This would allow more heat to ac- na, and sediments show annually resolved determination of the iron and titanium con- 
cumulate at low latitudes, resulting in layering during the anoxic periods (particu- tent of the sediments demonstrates that the 
more evaporation and thus new growth of larly for the past 15,000 years). Further- sediment flux from the nearby continent al- 
ice. In this scenario, maximum warmth at more, the basin is directly influenced by the ternates between high and low throughout 
low latitude would be in phase with in- northeast trade winds and the oscillations of the record. High fluxes correspond to peri- 
creasing ice sheet size and decreasing the ITCZ and is thus well situated for study- ods of increased rainfall and are in phase 
high-latitude temperature. This pattern ing their variability during D-0 events. with the warm periods in GISP-2. 
cor responds toobserva t ions for the  Hughenetal.(l)andPetersonetal.(2) Petersoneta1.suggestthattheincrease 
Younger Dryas period at the end of the last report important new results from Cariaco in rainfall corresponds, as for the modem 
glacial, 13 to 11 ka (7). Basin sedimentary records. Hughen et al. summer, to the passage of the thermic equa- 
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tor (the ICTZ) at the latitude of the Cariaco known at sufficient resolution (a few 3. G. Bond etal., Nature365,143 (1993). 

asi in. This is' also the latitude of the Pana- decades) to establish the D-0  mechanism. 4. E. Cortijo et a/., Earth Planet Sci. Lett. 146,29 (1997). 

ma Isthmus, where maximum transfer of We need to use better paleoclimatic proxies, 5. L.Vidal etal., Earth Planet. Sci. Lett. 146.13 (1997). 
6. T. L. Rassmussen, T. C. E. Van Weering, L. Labeyrie, 

water vapor to the Pacific Ocean could oc- especially to quantify sea surface tempera- Quat. Sci. Rev. 16,71 (1997). 
cur, thus increasing the mean salinity of the ture, and more high sedimentation rate 7. C. Ruhlemann et dl., Nature402,511 (1999). 
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emitting lasers, thus simplifying the electronic 
circuitry that drives them and reducing radio The Internet of Tomorrow frequency interference (RFI) emissions. And 
VSCELs are smaller than conventional lasers: 

Steve Joiner The entire VCSEL can be shrunk until it is 
only slightly larger than the beam size. 

The digital economy is generating an in- tions used in these cases are becoming more Surface emission also allows for easier 
satiable appetite for bandwidth. Internet economical as volumes increase. Thus, op- mounting and packaging. VCSELs can be 
traffic now hits daily peaks of 0.47 ter- tics is beginning to solve today's "last-mile" attached flat onto the package substrate by 

abits per second and is expected to increase bandwidth bottleneck. the same type of equipment used to assem- 
by more than an order of magnitude to 5.64 In the near future, the bottlenecks choking ble integrated circuits and can be tested di- 
terabits per second by the end of 2001 (1). the Internet will be even closer to home: the rectly on the wafers. Separating the lasers 
The data moved around the globe are getting very short-reach interfaces that connect build- from the wafers and packaging them into ar- 
richer and more dynamic with each passing ings, floors, racks, storage subsystems, inter- rays becomes trivial, the yield per wafer is a 
day, and an increasingly impatient public ex- 
pects faster and faster responses. This endless 
demand is creating stress points that threaten 
to make the Web's infrastructure collapse un- 
der the weight of its own success. 

The problem does not lie with data 
transfer from city to city or even across 
continents or oceans. Because of advances Campus 
in dense wave-division multiplexing tech- 
nology, which enables the creation of mul- 
tiple communication paths on one fiber 
through the use of multiple wavelengths of 
light in the fiber, fiber communication ca- 
pacity has doubled every nine months. The Enterprise 

increased capacity of the fiber enables 
much more efficient use of installed fiber, system bottlenecks wi l l  take center stage. 
thus lowering operating costs for long-haul DWDM, Dense Wavelength Division Multiplexing. 
optical communication. 

The real bottleneck today is the access nal computer components, and even the on- much higher, and the packing density in- 
network that extends from the desktop to the board elements of integrated circuits. If the In- creases by an order of magnitude-a critical 
service provider's Intemet point of presence ternet is to continue its explosive growth, opti- capability for constructing high-speed opti- 
(see the figure). This "short reach" or "last cal elements must be scaled down and applied cal interconnects for computer systems and 
mile" still uses the installed base of tradition- at these levels. One of the most promising networks. All these factors reduce develop- 
a1 copper connections or the copper used in technologies is a relative newcomer, the verti- ment and manufacturing costs and move the 
cable TV systems. The new high-speed In- cal cavity surface emitting laser (VCSEL). benefits of optics closer to the consumers. 
temet connections based on cable modems Traditional lasers are edge-emitting, As the data traffic from the desktop is 
or digital subscriber line (DSL) both rely on whereas VCSELs emit light from their top routed through the network and aggregated 
fiber connections terminating relatively surface in a cylindrical beam. This has the ad- with other traffic in the backbone of the In- 
close to the end user. The optical connec- vantage that the emitted light requires no cor- ternet, the traffic inside the routing switch- 

rections for asymmetry or astigmatism and es will increase to the point that electrical 
can be shaped hto a ring for vGous applica- connections will not work even over dis- 
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E-mail: stevejoiner@agilent.com ing just a fraction of the power used by edge- ing equipment. Manufacturers are turning 
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