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Radar echoes from 
Phobos 

M ARS has two irregularly shaped 
and heavily cratered satellites, 
Phobos and Deimos-in my- 

thology, the drivers "fear" and "terror" 
of Mars' chariot. Radar echoes from 
Phobos, obtained by Ostro et al. using 
the Jet Propulsion Laboratory's 70-me- 
ter Goldstone antenna as a radar tele- 
scope, indicate that the surface of Pho- 
bos is, at small scale, smoother than the 
surface of Earth's moon (page 1584). 
At radar wavelengths, Phobos most re- 
sembles the large C-class mainbelt aster- 
oids whose mineralogy is thought to be 
representative of the primordial "stuff' 
of the solar system. (The dark-grey col- 
or of Phobos and its visual albedo also 
link it to C-class asteroids.) The Soviet 
Phobos I1 spacecraft, which has been 
orbiting Mars, is moving close to Pho- 
bos and will, within the month, place 
landers on the satellite; one of the land- 
ers will be collecting samples of this 
putative primordial material. 

Underwater explorations 

A TOMIC force microscopy has 
been transformed from an un- 
wieldy, low-yield technique to 

what should soon become a quick, accu- 
rate, and robust method for exploring 
the topography of nonconducting ma- 
terials in aqueous solutions; the range 
of potential applications is described by 
Drake et al. as extending from "mito- 
chondria in cytoplasm to painted ships 
in seawater" (page 1586). The gently 
pressing probe that scans the surface 
consists of a diamond tip attached to a 
special cantilever system; the system 
works underwater where applied force 
can be accurately controlled and back- 
ground vibrations minimized. An opti- 
cal system amplifies and detects the 
deflection of the cantilever as the tip 
moves along bumps, grooves, and other 
irregularities. Three examples of the 
types of images that can be obtained are 
given. One is a close-up look at the 
surface of the biopolymer polyalanine. 
The second is resolution of the atomic 
lattice structure of crystalline mica. The 

third, perhaps the most intriguing, is a 
set of images of a biologic reaction as it 
is taking place-the polymerization of 
fibrin with thrombin to form fibrin nets 
that, in vivo, figure in such processes as 
the formation of blood clots and the 
healing of wounds. 

Sea anemone sensors 

S EA anemones (cover) and related 
organisms including jellyfish, hy- 
dra, and corals have two kinds of 

receptors for sensing prey-mechanore- 
ceptors that can detect physical distur- 
bances in the water and chemoreceptors 
that respond to certain sugars and ami- 
no compounds from the prey. The 
anemone's response to these stimuli is 
to discharge stinging organelles, called 
nematocysts, onto or into the prey; the 
prey becomes immobilized or entangled 
and subsequently may die. Watson and 
Hessinger have studied how the mecha- 
noreceptors work and how the chemo- 
receptors affect their operation (page 
1589). The fishing tentacles of anemo- 
nes were touched with a vibrating 
probe, and the discharged nematocysts 
were counted; responses were com- 
pared in the presence and absence of 
chemical stimulation. If chemoreceptors 
had been stimulated, they "tuned" 
mechanoreceptors to frequencies corre- 
sponding to those of the rhythmically 
swimming prey-larval and adult forms 
of brine shrimp; then maximum release 
of nematocysts occurred at just those 
frequencies. The tuning may involve 
elongation or shortening of stereocilia 
in the mechanoreceptors. In the absence 
of chemosensitization and tuning, ne- 
matocysts were discharged at frequen- 
cies higher than those produced by 
swimming prey. The coordinated func- 
tioning of the two types of receptors 
thus maximizes detection of and re- 
sponses to prey in the water. 

How the beat goes on 

P ICTURES of the beating of the 
flagella of swimming sea urchin 
sperm confirm the proposal that 

paired microtubules in the flagella slide 

by other pairs, causing the flagella to 
bend and the sperm to swim (page 
1593). Brokaw removed membranes 
from flagella so that the nine pairs of 
outer microtubules which surround a 
central pair were exposed. Gold beads 
were then adsorbed to the outer micro- 
tubules where they remained attached 
for hundreds of beats and served as 
markers for specific microtubule dou- 
blets. The relative movements of sets of 
beads were recorded in sequential pic- 
tures (dark-field photomicrographs), 
and, from the spatial information ob- 
tained, the diameters of the microtubule 
assemblages (which are called axo- 
nemes) could be calculated. The pic- 
tures confirmed that microtubule dou- 
blets slide rather than contract and elon- 
gate during flagellar beating and that 
each doublet slides independent of the 
others. Insights into the dynamics of 
flagellar beating in sea urchin sperm 
may be generally valid for explaining 
how other types of motile cells in which 
axonemes are "standard equipment" 
propel themselves through liquids. 

Pollination pathway 

P OLLEN sticks to the stigma of a 
plant; the male cells then move in 
a growing pollen tube through 

the long hollow style into the ovary. 
Sanders and Lord show that a matrix of 
secretions in the style plays an active, 
not just a nutritive, pan in guiding 
pollen tube growth. Latex beads the 
sizes of pollen tube tips were observed 
to travel through the style on the same 
path-the "transmitting tract'-along 
which pollen tubes grow, and beads and 
pollen tubes moved at comparable rates 
(page 1606). The beads travel equally 
well in upright and horizontal plants, 
showing that the force of gravity is not 
responsible for bead movement. Bead 
migrations and pollen tube growth in 
three different types of flowering 
plants--one with an open style, one 
with a closed style, and one with an 
intermediate-type style-were all sirni- 
larly matrix-driven. Matrix materials in 
animal systems may, in analogous fash- 
ion, regulate cell migrations during em- 
bryogenesis. 
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Do you demand high stan- 
dards for your microscopes - 
used for diagnostic specim- 
ens and research analyses? 
Microscopes that delker the 
best possible images, easy 
operation in a relaxed posi- 
tion, and outstanding results, 
particularly in fluorescence 
microscopy. 

The latest microscope in 
the family of Zeiss "Pyra- 
mids", the Axioskoo 20 
microscope, meets all these 
demands in a new, very spe- 
cial way. 

Zeiss ICS optics (Infinity 
color-corrected %stem) - 
guarantee excellent image 
quality. All the optical com- 
ponents of the microscope 
are integrated in a single, 
optimized system, including 
the uniaue. ~atented Zeiss 
objective and tube lens com- 
bination. 

Especially important for 
routine work: the new Achro- 
p& or Plan-Neofluar objec- 
tives for all fluorescence and 
transmitted-light microscopy. 
Flatness from edge to edge 
over the large field of view. 
Exceptional image contrast 
and superb color rendition, 
even for photomicrography. 

The high luminous inten- 
sity of the new built-in 6 V  
20 W illuminator provides a 
bright image for transmitted- 
light microscopy. 

The SI (System-lntegrat- 
ed) design is user-friendly 

and guarantees fatigue-free 
operation for many hours. 
Changing microscopy tech- 
niques is fast and easy. For 
example, a single move of a 
slider is all you need to 
change from fluorescence to 
transmitted-light microscopy, 
without any compromise in 
image quality. When focus- 
ing, your hands rest conve- 
niently on the table top - 
where they naturally belong 
- and not on the edge of a 
hand rest. 

The Pyramids of Zeiss: 

For literature circle reader service 
number 56 

I For literature and demonstration circle 
reader service number 57 

For the full story and a See for yourself how easy, 
demonstration, contact your how productive it is to work 
Zeiss dealer. For the name with the new Axioskop 20 
of the nearest dealer, call the microscope from Carl Zeiss. 
Microscopy Division at 
(914) 681-77 55. 

Carl Zeiss, Inc. I I 

One Zeiss Drive 
Thornwood, NY 10594 
914 .747 - 1800 West German 



American Association tor the Advancement of Science 
Scerce serves 1s ,eaoefs as a l o r ~ r  'or -9e presentatlon 
an0 d%cbss'cn c' tmDolarr ss~es relaleg tc fpe advarce- 
ment of science, including the presentation of minority or con- 
fiicting points of view, rather than by pubiishing only material 
on which a consensus has been reached. Accordingly, all ar. 
ticles published in Science--including editorials, news and 
comment, and book reviews-are signed and reflect the indi- 
viduai views of the authors and not offictal potnts of view 
adopted by the AAAS or the institutions with whlch the au- 
thors are affiliated. 

Publisher: Philip H. Abelson, Acting 

Edltor: Daniel E. Koshland, Jr. 

Deputy Editor: John I. Braurnan (Physical Sciences) 

EDITORIAL STAFF 
Managing Editor: Patricia A. Morgan 
Assistant Managing Editor: Nancy J. Hartnagel 
Senior Editor: Eleanore Butz 
Associate Editors: Keith W. Brocklehurst, Martha Coleman. 
R Brooks Hanson. Barbara Jasny. Katrina L. Keiner, Edith 
Meyers, Linda J. Miiler. Phillip D. Szuromi, David F. Voss 
letters Editor: Christine Gilbert 
Book Reviews: Katherine Livingston, editor 
This Week in Science: Ruth Levy Guyer 
Contributing Editor: Lawrence I. Grossman 
Chief Production Editor: Eilen E. Murphy 
Editing Department: Lois Schmin, head: Mary McDaniei, 
Patricia L. Moe, Barbara E. Patterson 
Copy Desk: Joi S. Granger, Jane Hurd, MaryBeth Shartle, 
Beverly Shields 
Production Manager: Karen Schools Colson 
Assistant Production Manager: James Landry 
Graphics and Production: Holly Bishop, James J. Olivarri, 
Yolanda M Rook 
Covers Edltor: Grayce Finger 
Manuscript Systems Analyst: William Carter 

NEWS STAFF 
News Edltor: Barbara J. Cuil~ton 
Deputy News Editors: Roger Lewin, Coiin Norman 
News and CommenWResearch News: William Booth, Greg- 
ory Byrne. Mark H. Crawford, Constance Holden. Richard A. 
Kerr, Eliot Marshall, Jean L. Marx, Robert Pool, Leslie Rob- 
erts, Marjorie Sun, M. Mitchell Waidrop 
European Correspondent: David Dtckson 
Contributing Wrlter: John Waish 

BUSINESS STAFF 
Circuiatlon Director: John G. Coison 
Fuiflllment Msnsger: Ann Ragland 
Business Staff Msnsger: Deborah Rivera-Wienhoid 
Classifled Advertising Supervisor: Karen Morgenstern 
Guide to Biotechnology Products and instruments: 
Shauna S Roberts 

ADVERTISING REPRESENTATIVES 
Director: Earl J. Scheraao 
Traffic Manager: ~o"na8,bera 
Traffic Manaaer IRecruitmentl: Gwe- Caver 
Advertising iaie's Manager: dichard L. Charles 
Marketing Manager: Herbert L. Burklund 
Employment Sales Manager: Edward C, Kelier 
Sales: New York. NY 10036; J. Kevin Henebry, 1515 Broad- 
way (212-730-1050); Scotch Plains, NJ 07076: C. Richard 
Cailis, 12 Unami Lane (201 -889--4873); Chicago, lL 60914: 
Jack Ryan, 525 W. Higgins Rd. (312-885-8675); San Jose, CA 
95112: Bob Brindiey, 310 S. 16th St. (406-998-4690); Dorset, 
VT 05251: Fred W. Dieffenbach, Kent Hill Rd. (802-867-5561); 
Damascus, MD 20872: Rick Sommer, 11318 K~ngs Valley Dr. 
(301-972-9270); U K., Europe: Nick Jones, +44(0647)52918; 
Telex 42513; FAX (0647) 52053. 

Inlormation for contributors appears on page XI of the 23 
December 1988 Issue. Editorial correspondence, includ~ng 
requests for permission to reprtnt and reprint orders, should 
be sent to 1333 H Street, NW, Washington, DC 20005. Teie- 
phone: 202-326-6500. 

Advertising correspondence should be sent to Tenth Floor, 
1515 Broadway, New York. NY 10036. Telephone 212.730- 
1050 or WU Telex 968082 SCHERAGO, or FAX 212.382- 
3725. 

A New Approach to Faculty Salaries 

T he situation of faculty salaries is becoming desperate. During the past 10 years 
salaries have not increased as much as the consumer price index, in distinct contrast 
to salaries of baseball players and to tuition for college. 

The traditional answer to such a problem is unionization, but unions have not worked 
in academia. Scientists, and other academics, tend to be individualists, and the enjoyment of 
doing basic research provides so many eager applicants that a university administration 
could in most cases replace a striking faculty in something less than a few milliseconds. At 
present, competition for star researchers raises salaries, but the process is too slow. 
Obviously, some different approach will be needed. 

Although it will pain some souls dedicated to purity, one effective solution might be the 
creation of a phantom chair at each institution--one that is never filled but is used solely to 
raise salaries. Professor I. M. Pecunious at University X, with a clearly inadequate salary, will 
tell faculty friends at University Y that he is in distress. These friends at University Y will 
then offer the impoverished professor the Gaston P. Mirage Chair, which supplies a fantastic 
salary, laboratory space that is slightly smaller than Australia, and a reserved parking place 
with his name in large gold letters. Notice of the offer should then be leaked to generate a 
conditioned reflex in colleagues at University X, who will raise a large hue and cry, pointing 
out that the loss of Professor Pecunious will create irreparable damage to the university. 
Once Professor Pecunious has indeed been secured once again by University X at a price, 
other members of the faculty can rush in and claim that they are every bit as able as the 
professor and that he is being grossly overpaid. Only by giving other professors equivalent 
increases will the esprit de corps of the institution be maintained. Thus, faculties can receive 
raises without filling chairs or going through such painfdly plebeian activities as strikes. 

A similar principle can be used to increase the outside income of faculty members. At 
present, faculty members are invited to give speeches with the usual promise of a "modest 
honorarium." It is extremely poor form to ask for the actual dollar amount, but it is almost 
invariably discovered that the adjective is accurate. In the future, professors would be well 
advised to designate a colleague as their "scheduling agent." When an invitation is received, 
the faculty member should never negotiate directly, but should immediately say "Professor 
P. T. Barnum is in charge of my schedule, and you will have to speak to him." Such inquiries 
should be answered by Professor Barnum in terms such as, 'What were you thinking of 
giving Professor Schmelzpunkt for an honorarium?" followed by satirical laughter, regard- 
less of the figure mentioned. After the laughter, the professorial agent will state, "There is no 
possible way that I could book the distinguished Professor S. for such a modest 
honorarium." He will then explain that Professor S. is in such great demand that he could 
only consider visiting Pinnacle University for three times the amount offered; he also should 
be met at the airport with a chauffeured limousine and requires a guaranteed audience of at 
least 500 people. If each professor had such a designated colleague-agent, it would soon 
raise the prices for all and provide a basis for faculty total income approaching that of 
congressmen. 

There is good reason to be concerned about faculty and graduate salaries. It is the 
conventional wisdom that the diminishing pool of scientists is the result of poor teaching, 
demographic shifts, and the growing reluctance of students to choose difficult courses. It is 
time to give serious consideration to the hypothesis that students may see science as a career 
of high competition and anxiety, with low pay compared to that of doctors or lawyers. 
Furthermore, even those devoted to science may lose heart when they enter graduate school 
and find that stipends put them below the poverty line. Moreover, postdoctoral work is 
becoming a requirement as science becomes more complex, and that only extends the period 
of asceticism into the early family-raising years. 

Although this problem may solve itself in the distant future, as projections indicate 
severe shortages in a number of professions in the late 1990s, it would be prudent to start 
adjusting salaries now so that more young people will be attracted to scientific and 
engineering careers. In that way the faculty will have, as the saying goes, a salary level the 
football coach can be proud of.-DANIEL E. KOSHLAND, JR. 
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part of the "missing carbon problem" (4) 
and balance the global carbon budget for 
1980. 

Such issues should be studied in detail, 
but we do not think our study lends support 
to Sedjo's argument. In response to a climat- 
ic warming, the boreal zone can act as a 
source of carbon dioxide rather than as a 
sink. Soil organic carbon in active exchange 
with the atmosphere constitutes approxi- 
mately two-thirds of the carbon in terrestrial 
ecosystems (5 ) .  Increased release of carbon 
from soil in response to climatic warming 
may more than compensate for the effect of 
growth stimulation. 
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mass and cellular mass are significantly low- 
er (P < 0.001) in women than in men at all 
adult age levels. Fat-free, that is, lean body 
mass, was determined with 40K gamma-ray 
spectrometry (fat does not contain potassi- 
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You might expect the companies that 

Just add have introduced techniques and pro- 
ducts such as isoelectric focusing and 
~ h a s t ~ ~ s t e m ~ ~  to supply everything 
you'll ever need in advanced electro- 
phoretic technology. 

Well, not quite. After dedicating 
more than 20 years to electrophoresis 
development, we're still looking for 

H70 
better, more innovative ways to help 
you manage biomolecules. And we're 
finding them. In protein and DNA 
electrophoresis, for example, 
Pharmacia LKB's range of media and 



instruments is in a class by itself. Have a 
look. 

For protein biochemists, we offer 
the fast and reproducible PhastSystem 
and an extensive range of precast gels 
for SDS-PAGE, IEF and more. Then 
there's isoelectric focusing using the 
Multiphor 11" system and Ampholinea 
or Pharmalyte@ carrier ampholytes . . . 
or precast Ampholine PAC plates . . . 
or lmmobilineTM DryPlates. 

UltroScan xLTM laser densitometer 
and GelScan xLTM software provide 
advanced, computer-aided evaluation. 

For molecular biologists, 
PulsaphorTM and ~ a c u ~ e n e ~ ~  have be- 
come industry standards in the areas of 
pulsed field electrophoresis and 
vacuum blotting of nucleic acids. We 
also offer a range of quality reagents for 
molecular biology. And ~ a c r o ~ e n e ~ ~  
workstation simplifies DNA sequencing 
and analysis. 

In protein and peptide research, as 
well as molecular biology - Pharmacia 
LKB offers total solutions based on 
electrophoresis, as well as standard and 
high performance chromatography. 

Ask for a copy of our new Electro- 
phoresis Catalogue '89. It contains 
everything you will need for protein 
and nucleic acid electrophoresis. Just 
add water.. . and electricity. 
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They say that variety is the spice 
of life. But the variety of life insur- 
ance products in the marketplace 
today poses a bewildering prospect 
-even for the most educated cus- 
tomer. Which is why it's refreshing 
to know that there's still a kind of 
life insurance whose appeal lays in 
its simplicity. 

Not only is AAAS Term Life the 
purest kind of life insurance avail- 
able, it is also the least expensive. 
And now that Group Rates have been 
cut another 15% effective 4/1/88 
(they were also cut 10% last Oc- 
tober), AAAS Term Life is ari even 
better bargain. 

If you're interested in applying for 
coverage from $15,000 up to 
$240,000, and wish to request gener- 
ous protection for your family, too, 
the next step is simple. 

Contact the Administrator, AAAS 
Group Insurance Program, 1255 
23rd Street, N.W., Suite 300, Wash- 
ington, D.C. 20037, or call toll-free 
(800) 424-9883 (in Washington, D.C. 
call 296-8030). They will be pleased 
to answer any questions you may 
have about this valuable member 
benefit. 
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