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:OVER Mount St. Aumstine volcano. Alaska. in ~\.roclastic flow eru~tion. 29 , L. 

\ups t  1986. View is tojpard the volcanh (hidden in clouds) from ~ u r r ' ~ o i n i  6 
ulometers from the summit. A p!rroclastic flow at the 350-meter level on the 
lorthern flank of the volcano is moving tolvard the camera at a speed of about 30 
neters per second. The flow is a dry density current of dust, gas, and volcanic rock 
lebris that probably originated by sudden vesiculation of molten andesite near the 
,ase of an emerging lava spine on the summit dome (about 1200-meter level). The 
idge in the foreground is part of an 1883 debris avalanche that produced a tsunami 
n lower Cook Inlet. See page 1442. [Jiirgen Kienle, Geophvsical Institute, 
Jniversity of Alaska-Fairbanks, Fairbanks, AK 99775-08001 
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Time's arrow 

I s there directionality to the evolu- 
tion of life (pagc 1437)) Gould et 
al. address this issue through quan- 

titative analyses of the shapes of cladc 
diversity diagrams that illustrate the his- 
tory of diversity in clades (segments of 
an evolutionary tree). Taxonomic 
groups originate with single species, 
expand, reach maximum diversity, and 
then decline. For extinct taxonomic 
groups, a center of gravity (CG) in the 
clade diagram can be calculated at 
which mean diversity was reached. CGs 
were calculated for more than 700 
clades of extiilct marine-dwelling inver- 
tebrates and more than 100 clades of 
extinct terrestrial mammals. Similar pat- 
terns of change in CGs were docu- 
mented: the earliest clades of inverte- 
brates (originating in Cambrian and 
Ordovician times) and mammals (origi- 
nating in Paleocene times) had CGs of 
less than 0.5; thus peak diversity oc- 
curred early in the clade's evolution. 
Later-arising clades (Silurian and later 
invertebrates; Eocene and later mam- 
mals) showed greater symmetry 
(CG = 0.5) or  slower attainment of 
maximum divcrsity. Thus another "ar- 
row of time" has been defined suggest- 
ing that there arc patterns in and order 
to cvolution. 

Tsunami prediction 

v OLCANIC eruptions sometimes 
trigger tsunamis (tidal waves) 
that can cause tremendous de- 

struction, particularly if the waves hit 
coastal communities at high tide (page 
1442). Therefore, in 1986 when the 
Alaskan volcano Mount St. Augustine 
(cover) entered its sixth recorded erup- 
tive cycle (since its discovery in 1778 by 
Captain Cook), one part of the emer- 
gency planning included development 
of models of hydrodynamic events that 
could be generated by the eruption. The 
most conlmon cause of tsunamis of 
volcanic origin is displacement of sea- 
water by an avalanche of debris falling 
into the sea and the outward rush of a 
great wave. In the simulations, Kienle et 

al. chose sites at which volcanic debris 
might enter the sea. The directions, 
heights, and times of arrival of great sea 
waves predicted by the models were in 
fair agreement with events of a previous 
eruption dcscribcd by eye witnesses; in 
that explosive eruption 100 years earli- 
er, Mount St. Augustine split in two, 
much of one side collapsed into the sea, 
and a destructive tsunami was triggered. 
Although parameters used in the simu- 
lations were specific for Mount St. Au- 
gustine, the same approach can be used 
to predict and prepare for tsunamis that 
might result from other coastal volcanic 
explosions. A tsunami did not accompa- 
ny the recent eruptions. 

Genome mapping 

T HE bacterium Escherichia coli has 
once again been used for pio- 
neering studies in molecular biol- 

ogy; this time, the DNA of E. coli was 
used to illustrate strategies for physical- 
ly mapping a complete genome (page 
1448). Smith et al. used the restriction 
enzyme Not I to  cut the E. coli genome 
into a relatively small number (22) of 
fairly large fragments; the fragments 
ranged in size from 15 to 1000 kilo- 
bases. These were separated from each 
other by pulsed field gel elcctrophore- 
sis, a technique that readily resolves 
large pieces of linear DNA in the 50- to 
1500-kilobase range. The fragments 
wcre isolated, identified, and aligned 
with the use of a number of recombi- 
nant DNA and mapping techniques as 
well as clues from othcr genetic and 
physical studies. The game plan de- 
scribed for constructing a physical map 
of the E,  coli genome can be applied to  
the mapping of other genomes, includ- 
ing the human genome, whether or  not 
genetic maps are available. 

Pangea breakup 

I T is thought that at one time all of 
the earth's continents were contigu- 
ous and formed a supercontinent 

called Pangea; new information about 
the timing and sequence of events that 

surrounded the separation of North 
America from Pangea is described by 
Traverse (page 1469). In the fragments 
of rock obtained during oil drilling 
operations, fossil pollens and spores 
were found; these had settled in sedi- 
ments in a chain of rift basins that 
extended from Newfoundland to north- 
ern Mexico. The formation of the ba- 
sins, known as the Newark basins, prc- 
ceded by millions of years the actual 
breakup of Pangea. Sediments began 
collecting in these basins in the Karnian 
age of the Late Triassic period (more 
than 200 million years ago). The pro- 
cess of sedimentation ended first in the 
south; it ended in the north about 25 to 
30 million vcars later-in the Jurassic 
pcriod-wi<h genesis of the ~ t l a n t i c  
Ocean. Resides providing dates for 
these events, the fossils also provide 
information about climate conditions at 
the time of Pangea's breakup. 

Sulfur cycling 

S ULFUR bacteria living in mats are 
important in diverse oceanic food 
webs, including those in shallow 

waters along coasts and in harbors and 
those at deep hydrothermal vents (pagc 
1472). Grant and Bathmann describe 
the appearance ofBemiatoa mats from a 
sandflat in Nova Scotia: with a scanning: 
electron microscope, ' bacteria, scdr 
mcnts, sand, flocculent materials, and 
an extracellular matrix of mucus were 
seen. The bacteria oxidize sulfides in the 
water, fixing sulfur and sulfates into the 
mats; gastropods and other organisms 
use these and othcr o r~an i c  materials 
for their own metabglic processes. 
Cores through the mats into the sedi- 
ments beneath wcre taken in swing: and 

L " 
summer (when ocean waters ranged 
from calm to turbulent) and illustrated 
the apparently significant coiltribution 
to  sulfur removal made by waves, tides, 
and currents. In laboratory flow cxpcri- 
ments, resuspension and disruption of 
mats was confirmed and shown to be a 
powerful process for recycling sulfur to 
the water column. Physical transport 
may thus be as important as physiologic 
processes in sulfur cycling in the sea. 
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Municipal Waste 

T he 6000-mile odyssey of a U.S. barge seeking in vain to dispose of its 3100-ton cargo 
of trash has drawn national and international attention to an approaching crisis in 
municipal waste management in this country. The United States generates an 

average of more than 400,000 tons of municipal waste a day. The per capita contribution is 
about twice that of citizens in other developed countries. Before the 1960s, most trash was 
burned in open dumps or in poorly hc t ion ing  incinerators. The practice was curtailed 
when clean air legislation was enacted. Disposal then shifted to so-called sanitary landfills. At 
present, more than 90 percent of municipal wastes are buried. But time is running out on 
burial. Many dumps have reached the limits of capacity, and by 1990 half of them are 
expected to be closed. Around the country there is strong opposition to locating new 
landfills in any particular neighborhood. In addition, there is growing recognition of 
contamination of ground water by leachate from the dumps. My guess is that the situation 
in many of them will be found to be more serious than that at some of the Superfund sites. 
The Fresh Kills landfill on Staten Island discharges 4 million gallons of toxic leachate per 
day. 

What makes effective waste disposal a particularly difficult problem is the complexity of 
the trash. The composition also differs from place to place. On average, the major 
components are paper and paper products, yard wastes, food wastes, and moisture. But in 
addition, the trash contains glass and ceramics, metals, plastics, and anything that is not 
wanted, including paint cans, spray cans, solvents, and potentially flammable or explosive 
materials. Obviously, segregation of components at households and separate collection of 
them would make both recycling and residual disposal easier. This is a practice often 
employed in other countries, but rarely here. If anything, this country has retrogressed with 
respect to segregation and recycling since the 1970s. 

The present usual alternative to landfill disposal is to incinerate the waste, thus reducing 
the volume by about 90 percent. If noncombustibles and moist garbage are separated first, 
temperatures in the furnace can be sufficiently high to destroy all organic matter. The heat 
produced can be used to generate electricity. However, critics have raised questions about 
burning unprocessed trash. When excessive moisture is present, temperatures in the furnace 
will be limited, and dioxins and other hazardous chemicals may be created. In Europe," 
incinerators are closely monitored to ensure complete combustion of organics, and 
scrubbers are employed to eliminate acid gases such as hydrogen chloride. In the United 
States, neither the federal government nor the states have established a full range of 
performance monitoring and standards. Incineration plants known to be functioning poorly 
have not been shut down. The politics of the situation make it far easier for the 
Environmental Protection Agency to be tough on industry than to deal with municipalities. 

An alternative to complete dependence on incineration is biodegradation of waste. This 
is particularly applicable when the trash consists mainly of moist food residues and paper. 
When the treatment is conducted anaerobically, the principal products are carbon dioxide 
and methane, a good fuel. 

Because landfills are reaching capacity and few new ones are being authorized, the cost 
of disposing of wastes is increasing. Six years ago, tipping charges (cost of dumping trash) 
were as low as $5 a ton in some places. Now the average is $25 and going up. Philadelphia 
has paid $90 a ton to have some of its wastes deposited in Ohio. As more and more landfills 
are closed, tipping charges will increase. There will be an additional financial incentive to 
develop improved practices for separating components of the waste, either at the household 
or following collection. 

With the imminent closing of landfills, many cities are building or planning to build 
incinerators. Before new air pollution problems are created, lessons should be learned from 
other developed countries that have in place standards, monitoring, and trained engineers to 
operate the p l a n t s . - P ~ ~ ~ ~ ~  H. ABELSON 

*See A. Hershkowitz, Technol. Rev., in press. 
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This event will be the culminating program of the NIH 
Centennial year (1887 - 1987). If you have ever been a part 
of the NIH, you are cordially invited to attend any or all 
of the following events: 

October 15 - 16 Scientific Symposia 
Bet hesda, Maryland 

October 17 Plenary Symposium 
Kennedy Center 
Washington, D.C. 
Banquet and Dance 
Pension Building 
Washington, D.C. 

October 18 Brunch 
Bethesda, Maryland 

To receive your invitation and information on registration 
and fees, please write or call: 

Ms. Andrea Manning .d*-% - 
NIH Centennial 
C/O Prospect Associates 
1801 Rockville Pike, Suite 500 
Rockville, Maryland 20852 

SCIENTl FICIENGINEERING 
GRAPHIC TOOLS 

for the IBM PC and compatibles 

FORTRANIPascal tools: CRAFMATIC (screen graphics) 
and PLOTMATIC (pen plotter driver) 

These packages provide 2D and 3D plotting capabilities 
for programmers writing in a variety of FORTRANIPascal 
environments. We support MS, R-MI LAHEY FORTRAN 
and more. PLOTMATIC supports HP or Houston Instru- 
ment plotters. Font module available too! 
Don't want to program? Just ask for OMNIPLOT! Menu- 
driven, fully documented integrated scientific graphics. 
Write or call for complete information and ordering in 
structions. 
GRAFMATIC-PLOTMATIC-OMNIPLOT [S] & [PI 

van ~ m o  ~rmn 

la0 lm 0 lmo 
lllE Id 

Microcompatibles, 301 Prelude Drive, Silver Spring, MD 20901 
(301 ) 593-0683 
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ACCURATE ... 
The ORIGINAL Huxlev-Goodfellow ji( 

Reprodvcible posltlonlng accurate 
to t 0.1 microns in 1 , 2  or 3 planes. 

Rapidplacement in the X Y andZ 
planes 
Ultra-fine control: All 3 planes 
(HG-3000). Zplane only (HG-1053) 
Backlash-free movement 

0 Ball-joinfedprobe holder and 
extensron arm 
Low set micrometers forprobe 

abilrty 
! f t  and right hand versions 
1G-3000L and HG-3000R) 
zveloped from an original design 
,Sir Andrew Huxley. F.R.S. 

... SMOOTH I5 PRECISE ! 
otorfocus M 

Specially 
hands c o ~  
stereomk 

deslgned to free the 
mpletely from 
croscope focu6lng. 

k!@ Foot-actrvated motoriseddrive 
and precise movement with 
shwt or backlash 

Varrable speeds, pre-set for fine and 
coarse focusrng 
Ourckly htted to a wrde range of 
mrcroscopes 
Manual focusing with the drive still 
~n place 
Enhances concentration a m  
reduces 
fatrgue. 

Goodfell 
CAMBR 

-- 
ow Metals Cambridae Limited 

Telex 81 683 
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Selectivity means the ability to 
resolve closely related molecules 
on the basis of their different 
characteristics. The matrix you 
choose must be designed to give 
the best selectivity for the par 
ticular biomolecules you need to 
separate. 

Pharmacia has more than 
25 years of experience in devel- 
oping media and columns for 
chromatography. W developed 
FPLCB-the unique chromato- 
graphy programme for biomol- 
ecules-to give you the best 
separation possible. Our unique 
media and high resolution col- 
umns offer unparalleled selec- 
tivity for biomolecules, and give 
unequalled separation power. 
Even closely related small bio- 
molecules e.g. amino acids or 
nucleotides, can be successfully 
resolved. 

Selectivity, combined with 
capacity and long-life, will ensure 

THE HIGH snEcnvlw OF OUR MEMA 
HAJ BEEN THE M TO WCCE!S IN 

your success in high performance biomolecule separation. So start to 
MONOUOWAL ANTIBODY PURIFIWIOM feel the power of FPLC, and request a brochure on the Pharmacia FPLC 

System. If you already work with a system, request the "FPLC: Media 
and column guide for high performance separation of biomolecules" 
which describes our unique range of highly selecti i  media and columns. 

Laboratory Separation Dlvlslon 
Piscataway, New Jersey 08854 
Information: (800) 526-361 8 

In NJ: (201 ) 457-8000 
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G e t  to the bottom of your notes with 
Notebook I1 - the database manager 
for research notes and bibliographies. 

Use NotebookII's built-in text editor 
to take all the notes you want, or read 
in files from your word processor or an 
on-line database. Then in an instant, 
reorganize or retrieve any informa- 
tion. Print it in any format or incor- 
porate it directly in your manuscript. 

Add the companion program, Bibli- 
ography, to compile bibliographies 
from citations in your manuscript in 
any style required by your publisher. 

So think about it. You can spend 
hundreds of hours on re-search or 
$189 on Notebook 11. ($264 with 

To find out more, call us at 
(41 5 )  947-1024 or outside California, 
toll-free at (800) 826-2222. Or write 
Pro/Tem Software, Inc., 814 Tolman 
Drive, Stanford, CA94305. 

tiotebook I1 runs under MS/PCDOS 2 or 3 with 256K R4W 
tiotebook I is available for CP/M systems. 
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A MUST for your 
science collection 

Books from Science 

AIDS; R Kuistad. ed Research papers and 
reports on acquired Immune deficiency syn- 
drome [AIDS) published between August 
1982 and September 1985 show how far 
AIDS research has come and provide an in- 
dication of the directions in which it might go. 
1986; case $32.95; paper $19.95; 653pp 

Astronomy & Astrophysics; M.S. Roberts. 
ed. From the solar system to the pulsars at the 
v e y  edge of the observable universe, this 
volume reveals a broad, coherent, and con- 
temporay picture of our astronomical uni- 
verse. 
1985; case $29.95; paper $17.95; 383pp 

Neuroscience; P H. Abeison. E Butz. S H 
Snyder, eds. Neuroscience research ranging 
from genetic engineering to clinical therapy is 
presented. Provides an integrative treatment 
of brain anatomy, physiology, and chemisty 
and addresses fundamental questions con- 
cerning nervous system functioning. 
1985; case $29.95; paper $14.95; 453 pp 

Biotechnology & Biological Frontiers: 
P.H. Abelson, ed. Covers the most important 
topics at the forefront of biological R&D and 
deals with both fundamental research tech- 
niques and practical applications. For re- 
searchers and students in all fields of biology, 
agriculture, and the health sciences 
1984; case $29.95; paper $14.95: 550pp 

Biotechnology: The Renewable Frontier 
D.E. Koshland, J r ,  ed. Like its predecessor. 
this new volume covers the latest and most 
important topics in biological R&D. 
1986; case $29.95; paper $17.95; 384 pp 

Frontiers in the  Chemical Sciences; W 
Spindei, R.M. Simon, eds. Details progress in 
all areas of chemisty, including new work in 
ultrafast reactions, catalysis, conduction or- 
ganics. enzyme mechanisms, and materials 
and analysis. 
1986; case $29.95; paper $17.95; 624pp 

Order from AAAS Sales Dept C. 1333 H St. NW. 
Washington. DC 20005 Add $1 50 postage & 
handling per order. allow 4-6 weeks for dehvery 

American Association for 
the Advancement of Science 
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