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Ginger to t

ome may only know of gin-
ger, or Zingiber officinale, as a
pungent and spicy flavor used
in Asian cooking or the secret
ingredient in grandma’s des-
sert. Astonishingly, this roort
has been used to cure ailments
of all kinds since the 16th century. Ginger
has been shown to relieve nausea, intestinal
problems, heart conditions, and the com-
mon cold. Scientists are interested in gin-
ger because of the health value its unique
chemistry offers.

Growing from the ground in broad
stems with green leaves, ginger contains
an arsenal of chemical compounds. Over
the last 25 vyears, laboratories across the
globe have repeatedly confirmed ginger's
anti-inflammatory properties. Compounds
found in ginger and other anti-inflamma-
tories prevent the unwanted symptoms of

By Sesha Nandyal

inflammation: vasodilation, pain, and fe-
ver. However, ginger is better than other
anti-inflammarory drugs because it allows
the beneficial components of our natural
inflammartory response, namely the bind-
ing and admittance of white blood cells
to tissue. Scientists believe that this could
make ginger a superior option to pharma-
ceutical drugs with fewer side effects and
more therapeurtic qualities.

In addition to anti-inflammatory char-
acteristics, ginger could play a key role in
cancer treatment. Scientists of Yonsei Uni-
versity in South Korea found that another
compound ginger contains, gingerol (a phe-
nol), inhibits the proliferation of human
endothelial cells. While testing melanoma-
injected mice, they found that gingerol re-
duced lung mertastases (the spread of cancer
to or through the lungs) without a deterio-
ration in overall health. Moreover, Taipei

Medical University researchers have seen
that gingerol can induce cell death in leu-
kemia cells grown in vitre. On the whole,
these studies show that gingerol could be
used to treat tumors and inhibit merastases
in lung and other types of cancer.

After finding out about all of the great
properties of ginger, should people eat as
much ginger as they can stomach? More
research needs to be done before conclud-
ing that ginger is a viable cancer treatment
or headache medicine. Ginger may inter-
fere with blood-thinning, diabetes, and
blood pressure medications, so one should
consult bortanically-informed health care
professionals before supplementing with
ginger. Ginger should not be ingested by
persons with heart conditions, bleeding
disorders, or those with super taste buds.
Aside from these rare side effects, ginger is
proving to be something to root for. @
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Appliance Scignce:
icrowaves and Refrigerators

By Lizzie Roberts

[nside your refrigerator is a complex
network of pipes filled with tetrafluoroeth-
ane, a chemical rel'_rigcrant with a boiling
point below freezing. A compressor makes
up the basic machint:ry in your fridge: two
sets of heat-exchanging pipes, a small throt-
tling passageway, and a fan. The compressor
pressurizes the gaseous refrigerant untl it
becomes a super-heated vapor. The refriger-
ant loses hear as it passes through external
hc;lt—cxchanging coils, causing the vapor to
condense into a liquid. The slightly cooler
liquid rcfrigcran[ is sucked thmugh the ex-
pansion valve, a region that separates the
high-pressure area from the low-pressure
area, This is where the compressor sucks the
gascous form of the refrigerant out of the
coils. The only thing ho]ding the re{'_rigerant
back from instantly returning to its gaseous
state is its |1ig|1—pressure environment. About
half of the refrigerant boils as soon as the hot

liquid hits the low—pressure chamber, evapo-

rating and taking heat from the refrigerant
that remains in liquid form. The half-liquid,
half-vapor refrigerant is now considerably
colder than room temperature, and it con-
tinues to evaporate as it travels through the
coils, pulling even more heat from the air

£
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blown over the coils by a fan. This cold air is
circulated throughout the freezer and refrig-
crator. Eventually, the completely vaporized
refrigerant returns to the compressor, and the
process begins all over again. A thermostat
makes sure the fridge does not drop below
the desired temperature by shutting off the
compressor’s electricity.

What about the magical machine that
heats up your leftover Chinese food ar 4
A.M. during finals? Microwaves are a form
of light, or electromagnetic radiation, with
a wavelength 10,000 times longer than that
of visible light. Imagine each photon, or par-

ticle of electromagnetic radiation, as a little

packet of energy; the shorter the wavelength
of the radiation, the more waves you can fit
into asingle packet and the greater the ener-
gy of the photon. It just so happens that the
amount of energy contained in each photon
of a microwave is enough to cause molecules
of water and fat to rub up against one anoth-
er, creating friction and heat energy. A mi-
crowave releases streams of photons at your
food, and the friction created by the motion
of water molecules causes your food to heat
up rapidly. A device known as a cavity mag-
netron converts the high’vo]tagc electrical
power of the machine into microwave radia-
tion. The cavity magnetron works by ‘blow-
ing‘ clectrons past C}-’Iindricﬂ cavities, caus-
ing resonant, high—f‘requency radio fields in
the vacuous spaces — similar to how blow-
ing gently over the mouth of an empty bottle
creates sound waves. The device is called a
magnetron because it uses a magnet to create
a field that causes electrons in the magnetron
to spiral away from the positive electrode in
the center of the pipe-shaped device, ‘sweep-
ing' them across the openings of the cavities.
A small metal tube then shcphcrds the mi-
crowaves into the cnnking chamber, which is
lined with mesh squares too small for the mi-
crowaves to pencerate. This hand}! tube kccp&
you from cooking along with your food. ®

FEBRUARY/MARCH 2012 5




Darrin Shultz

What is smaller than dust and
undetected when alone, but, in large
groups, puts on a light show more
spectacular than all of the glow par-
ties on East Lorain Street combined?
Vibrio fischeri (pronounced fisher-
eye), the bacterium, of course!

These tiny flecks of life swim
every ocean in solitude, feeding off even more insignificant specks
of dead fish flesh and whale poop. Seeming]y boring‘ Vibrio ﬁ,\'—
cheri are hot commodities to many marine organisms. (}|0wing
fishes, squids, and corals all selectively recruit V. fischeri to live
tempararily in specialized organs in their bodies.

These ﬂcsh_v homes providc the bacteria with nutrients and
a safe environment to multiply rapidly. In return, our bacteria
friend offer the host luminence. By scnding molecular "triggers”
to its colony of Hﬁsa‘f}c’rﬁ, the host makes them gh)w in patterns of
short Hashes or sustained subtle emissions. Known as biolumines-
cence, these emissions can function to illuminate prey, communi-
cate with other fish of the same species, and even keep squid from
casting shadows as they hunt. Remember the glowing blue lantern
that tried to cat Dori and Nemo? That was Vibrio fischeri living in
a female anglerfish host.

How do the bacteria know to only luminesce when living in
their hosts? Well, the bacteria constantly secrete a molecular sig-
nal into their surroundings. Think of a dirty sock. You wouldn't
smell one sock in a large room, but if several million friends threw
their socks in also, the stench would be overwhelming. Similarly,
the bacteria have receptor proteins that only cause luminescence
when the “stench” of the signaling molecules reaches a threshold.

This phenomenon is known as quorum sensing. Different
species throw their proverbial dirty socks around in order to sense
how many similar organisms there are in the area, knowledge
which aids in many bioclogical processes. As humans, we perform
this task with our eyes while bacteria, plants, individual cells, ez
cerera must accomplish this through other means. @

Hannzh Daneshwvar

Remember when you were litdle and
the clothes you boughr only a
had become .'1w|m-'ard1y tighr against your

year prinr

ﬁ]s[-grm'izlg frame? Believe it or not, this

phenomcnon is quite common in the
world of social insects. Take, for example,
honeybees (Apis mellifera). By way of quo-
rum sensing, groups of these backyard for-
agers annually vacate their long-settled nest for greener pastures when life at
the colony gets too cramped.

Finding a new nest is not easy, and it takes signiﬁca.nr reamwork. Every
spring, colony fission occurs wherein the queen and half of her colony split
off in order to seek out a new home. The scouting party starts by forming a
cluster on a nearby branch that will serve as their home base for the expedi-
tion.

Then, scouts H}; near and far looking for good nesting locations. If a

suitable location is found, they will return and deliver the news in the form of

a “waggle-dance”, which communicates the site’s location relative to the sun,
via a series of wiggles and circular motions. The more the scout likes the site,
the longer it will dance, thereby increasing its chances to recruit other bees to
investigate the site for themselves.

It is here where quorum sensing plays an important role. By keeping
track of time between meeting other bees, these insects are able to sense the
density of their dancing counterparts. Based on this calculation of density,
uncommitted bees are either recruited by a dancer o investigate the site, or
go out and scout again, Ifa site is popular enough to reach a threshold of 10-
20 dancers, the scouting party will move as a collective to their new home.
Even as a relatively simple physiological event, quorum sensing is crucial 1o
the success of this decision making process and the eventual relocation to an
area with more safety or better resources.

Recent research argues the inner-workings of honeybee communi-
ties may lead to new insights in cognitive science, as the way in which each
bee affects each other’s behavior can be equated 1o the neural interactions in

primate brains. Bee colonies work as a single functional “mind” by way of

thousands of participatory organisms working together, similar to the inter-
mingling neural networks of more complex organisms, like humans, @&
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Why Not

Telfon?
Science’s Battle

with Non-Stick

he kitchen section at the Ober-

lin Walmart has a myriad of

pots and pans, but non-stick

pans are clearly the dominant

option. On a shelf to the side,

amid assorted culinary oddi-

ties, theres one stack of cast

iron skillets, in one size. This

contrast mirrors a common belief that new technol-

ogies are better than old ones. Now, only 50 years

after the American introduction of non-stick pans,

the 3.000-year-old technology of cast iron is obso-
lete to most consumers.

Polytetraftuoroethylene, or PTFE, commonly

J'“. was

known by the Dulont trade name Teflon
invented in 1938 at DuPont during work related to
the development of safer refrigerants and was the first
non-stick surface. The chemical was noted to have
extremely low friction and to be highly heat- and
chemical- resistant. In 1951 DuPont began manu-
facturing commercial TeHon bakeware, but did not
make consumer pans, due to worries that toxic gases
could be released when Teflon was overheated. The
invention of non-stick consumer cookware was pat-
ented in France in 1954, and the company, Tefal,
began prodm:linn in 1956. In 1960, the Unired
States Food and Drug Administration (FDA) ap-
proved Teflon for contact with food, following tests
where aged non-stick cookware prt_lduﬂ:.d higher
levels of TeHon in a ham burgt‘r. The FDA, however,
judged the measured levels to be insignificant.
Since then, non-stick consumer cookware
has Hourished and can be found in home kitchens
around the world. Over the years, both environ-
mental and health concerns have been raised abourt
the safety of these products. The highest-profile case
is that of Perfluorooctanic acid, or PFOA. PFOA
was a chemical solvent used in production of Tef~
lon coatings. The US Environmental Protection
Agency (EPA) has been concerned abour PFOA
because it decays very slowly and has been found at
detectable levels in the environment and in human
bloodstreams, although it is not produced nacurally.
Furthermore, it has been found to cause various

health defects in lab animals, including cancer and
developmental problems.

PFOA isnt the only concerning aspect of Tef-
lon cookware. The Environmental Working Group
surveyed peer-reviewed literature about the therma

degradation of Teflon, including several studies by
DuPont scientists, which detected emissions of toxic
particulates at temperatures as low as 464°E and
emissions of toxic gases at temperatures of 680°F
and above. Both of these temperatures can be eas-
ily reached on a stovetop. Additionally, a syndrome
known as “Polymer Fume Fever” was identified in
mary DuPont workers, with symptoms similar to
the common flu. It is unknown whether any in-
home use of Teflon products have resulted in Poly-
mer Fume Fever, which was often initially mistaken
for the Hu.

The industry has responded to these concerns
by looking for new ways to produce alternative non-
stick surfaces. Several companies, includi ng DuPont,
now produce Teflon coatings without using PFOA,
while others have developed coatings that are sup-
posedly safe. Two examples are Ecolon, which uses
a type of nylon as a non-stick coating, and Thermo-
lon, which uses a mineral-based coating. According
to these responses, it is believed within the industl}-'
that advances in new technology will solve the prob-
lems of convenrional non-stick pmducts.

Before non-stick pans existed, cast iron was very
popuhlr for cookware, p'.lrriculnrly skillets and durch
ovens. Cast iron cookware has been used for over
3,000 years. Cast iron was valued for its i':ig,h heat
retention, 10|1g_ lifetime (individual pans have been
known to be used for more than 100 yca.rs). and,
believe it or not, for its non-stick properties. Bare
cast iron is far from non-stick, bur when oil is heared
in cast iron, it polymerizes and forms a nonreactive
coating that clings to the porous structure of the iron
througha process known as “scasoning”. Cast iron is
also known to have at least one adverse health effect
small amounts of iron seep into the food. While
this can have detrimental effects in people who have
eXC
considered benehcial in most cases.

vely iron-rich diets, this supplemenal iron is

\,

>

A trouble with cast iron is that it is not quite
user-friendly. Most cast iron pans come unseasoned,
50 you must learn to season them. Additionally, the
seasoning may be damaged by acids, and it thus

takes knowledge and practice not to damage the

seasoning with overly acidic foods. Cast iron has a

high heat capacity, which means you have to preheat
pans for longer and wait longer for them to cool.
But if you take some time to master the use of cast
iron, there are endless benehts, such as more even
cooking, non-stick properties with benefits both for
cooking and cleaning, the option of using pans in
the oven as well as on the stovetop, and genuine im-
provement of the pan over time.

So what drove the success of non-stick cook-
ware? [t seems to have been due in large part to the
convenience of non-stick. The main reason that
DuPont cites for buying Teflon cookware is that the
pans are easier to clean. But are they truly easier to
clean than cast iron? There is no sure way to test this
claim, but many people caim that with properly
seasoned cast iron, a rinse with hot water is the unlv
cleaning necessary. Non-stick pans have been said to
require less oil than conventional pans, thert'by pro-
ducing healthier food, but experienced cooks assert
that one can cook on seasoned cast iron with as litde
oil as desired.

The one dis;ld\'mmige of cast iron is thar it re-
quires some practice to use corrcctly, bur thar is a rel-
atively minor inconvenience. The view that modern
technologies, despite poorer cooking performance,
are preferable to older technologies, which require
some skill, has clearly won out in this case. Despite
real worries about the safety of new tcchnulogies,
companies would rather invent even newer technol-
ogies than support old technology that is certified
as safe. While there is a fringe of people who ap-
preciate old cooking technologies (discussing them,
sometimes heatedly; in online forums), many people
don't even notice that there is a choice, It’s hard to tell
whether most consumers actively embrace modern
non-stick cookware over cast iron, or whether they
have passively succumbed to the industry’s push to
profit from new technology. &
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Hannah Daneshvar

500 Milligrams for Arachnophobia, 1000 for the Ex-Wife:
The Science of Memory Erasure

cience has m.:mfe s gﬂdf\' even f?{'ff)}?'
we dre worthy of being men. Jean
Rostand, a French biologist, ex-
pressed this fear nearly 70 years
ago. Today, science has advanced
to a state where there is more con-
vergence between scientific re-
search and ethical concerns than ever before. At the
core of this convergence — berween pl‘:i[om{:p|1icai
anxieties, progress, kmm-'ledgc, creativity, hubris,
and imagination — lies neuroscience, the magnum
opus of the life sciences. Each day, we are expand—
ing our understanding of the brain to new and
unprecedented levels. Recent advances in memory
research have enabled scientists to target and erase
spcciﬁ:; memories in live animals. ]rnnic.'l][)‘: if Ro-
stand were stll alive today, his fears of scientific
progress could soon be targeted and crased, with-
our affecting any of his other mental capabilitics.
Of course, surrounding this scientific power is an
ominous cloud of dystopian mind control, recking
of the spotless mind and the matrix; buc at least we
might one day be able to sleep soundly without the
haunting memories of Krislov’s naked body and
scary clowns.

By Elie Goldberg

Before elaborating on the breakthroughs in
research surrounding memory erasure, a cursory
understanding of memory formation and main-
tenance is required. Scientists do not claim to
understand the entire biological basis of memory

L el i 1
Perhaps the most shocking part

. | Ll Lo
about this recent breakthrough is
not its potential ethical reprucus
sions but rather how simple the sci

to

1=l k

[ _—r
ence Oor memory erasure s

be.

formation, but one crucial process is fairly well
documented. The process of long-term potentia-
tion, or LTP, has been observed as one of the ma-
jor cellular mechanisms that is crucial o memory
formation in the hippocampus, cortex, amygdala,
and many other areas of the brain. Simply, “memo-
ries” are formed by the steady chemical and electri-
cal communication between neurons. This type of

steady communication between cells, which causes
the process of LI is largely driven by two mem-
brane receptors, the z-amino-3-hydroxy-5-methyl-
4—i£()xnzolcpropionic acid (AMDPA) receptor and
N-methyl-D-aspartate (NMDA) receptor. ‘The
membrane receptors on one cell receive electrical
and chemical signals from another cell. Conse-
quently, the concentration of these receptors deter-
mines the strength of the connection between the
two neurons; the presence of more receptors indi-
cates a stronger connection. Interestingly, the pro-
cess of LTP automatically increases or decreases the
number of AMPA receptors on a neuron based on
how frequendy that neuron is activated. In other
words, the neuronal connection responsible for a
memory becomes stronger or weaker, depending
on how f‘rcqucmly it is activated, or “remembered”.
If this neuronal connection is not frequently stimu-
lated, it will die out and be forgotten. However,
the agent rcsponsibk‘ for rn:gtﬂaling the number of
membranous AMPA receptors, and consequently
the strength and permanence of a memory, had not
been discovered, until recently.

Perhaps the most shocking part about this
recent breakthrough is not its potential ethical re-
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percussions but rather how simple the science of
memory erasure seems to be. The breakthrough
here was twofold. First, the specific agent respon-
sible for increasing the strcngth of the neuronal
connection (the increase in membrane rcceptors}
was found. This was mainly :Jccompﬁshcd by Todd
Sacktor in the 1980% through a series of experi-
ments at Columbia University. Sacktor discovered
that an enzyme called “protein kinase C, zera” or
PKMzeta, playcd a crucial role in LT, S}’lCCiﬁC:l“)-’
in the process of strengthening neuronal connec-
tions by increasing membrane receptor concentra-
tions. The second breakthrough was simply the
realization that by inhibiting PKMzeta one could
inhibir the recollection of memories with astonish-
ing specificity. The reason is almost o simple o

be true — a freebic handed 1o us by nature. We
know thar consistent activation and strengthening
of these neuronal connections, driven by PKMzeta,
is necessary to keep memories strong, But Sacktor’s
theory is that the activation of PKMzeta only oc-
curs in the neurons responsible for a memory while
you are remembering it! So by inhibiting PKMzeta
activation during the recollection of a specific
memory, you can weaken or extinguish that neu-
ronal connection, without impacting anything else.

Ower the past 20 years, and most recently i
his 2007 paper, Sackror and other scientists have,

in rats, been able to fully extinguish memories of

taste preferences, taste aversions, and the associa-
tion of certain tones with painful shocks. For ex-
ample, in one experiment rats were trained to as-
sociate a single note or tone with a painful shock,
so thar just hearing the tone would cause the rats
to “freeze” or stop moving for long periods of time
a telltale sign of fear. Then, researchers would
elicit the memory of this fear by playing the tone
and quickly administering the PKMzeta inhibitor.
"The rats would no longer freeze following the tone,
even days, weeks, and months after the adminis-

tration of the inhibitor. Many similar experiments
were repeated with conditioned taste aversion and
preference, all with equally successful results.

Exciting benefits and terrifying uses of this re-
search are palpable. Never before have humans had
such potential control over their own minds. Witch
this new knowledge of memory, post-traumatic
stress disorder can be an ailment of the past, and
Alzheimer’s disease may soon be solved. Yet, one’s
memories inform evcr}!thing — emotions, deci-
sion-making, lifestyle, efe. It was once an undenia-
ble and sometimes t:umﬁ:rting truth that you could
not choose what to remember and what to forget.
Now, we have to face the terrifj*ing fact that, as a
species, we can tinker with things we once thought
to be beyond even our most ambitious reach. Even-
tu;l||y. someone is going to have to decide how this
scientific power should be exercised. Bur how can
we possi bly wield the power l)!‘gods before we have
pmpcr]}-’ wielded the power of man? @&

What’s Up, Weelic?

My neuroscience research over Winter Term
made me think. It made me think about poking
needles in rat brains, it made me think about
how rats might secretly like morphine injec-
tions, and it made me think about how terrible
an evening commute in a city like Madison can
be. (edit: Bue 1 still love Madison!) Anyway, it
made me think so much that I just had to record
my thoughts on the way home while standing in
a bus with 60 other commuters. My caffeinated
neocortex was in overdrive, and | dodged this
way and that to keep pen on paper while the bus
swayed. But finally; it was just too much for my
wimpy vestibular system. 1 wasn't on a mission
to write until 1 puked, sol stopped‘ Now, Why
couldn’t this be easier?

Maybe 1 could use voice recognition soft-
ware like Googk Voice, A.pplc's Siri, or Android’s
Vlingo. Could I face the awkward, crimson faces
on the bus while I dictate in lucid detail the
going-ons of a typical collegc life? 1 guess not.
So follow me as I dream a little bigger. What if
someone could telepathically communicate with
a device?

In my search for such a device, I discovered
that NASA rackled this problem a decade ago.
A basic biology class taught the NASA scientists
that when muscles move, tiny currents are gen-
crated. With this information, they tmed to
the electromyogram, a common medical device
that dia.gnoscs muscle aches and used it to ana-
lY'ZE thC tin)’ currents at []'IC nerve Eﬂdjﬂgs DF l'hc
vocal cords. Using this, they hoped to discern
what you are trying to say, even if you have a sore
throat, a blocked nose, or are in a loud place, like
the "Sco.

Unfortunatcly; as with most NASA sci-
ence, funding cuts have spelled doom for this
endeavor. It was so bad that “subvocalization
analysis” became a dirty word; it was as credible

Talking Aloud

By Weelic hong

as say, “crystal healing”. But it was not long be-
fore someone else tried a new approach. Rather
than analyze throat muscle movements, the lab
of Professor Frank Guenther, from Boston Uni-
versity, decoded signals directly from the motor
region of the brain that controls nerves in the
throat. Brain implants were inserted into the
speech area of the left precentral gyrus, a part of
the brain that controls the shape of the mouth,
larynx, and throat. Brain waves were then re-
corded and sent wirelessly to a computer that
decoded them into auditory signals in real time.
Howeéver, with current technology, only vowels
were distinguishable with sufficient accuracy.

What about locked-in patients who cannot
control their muscles? To benefic such patients,
other researchers are sidestepping the indirect
approach of measuring motor activity altogether.
One team is tapping directdy into the superior
and middle temporal gyri, which translate acous-
tic information into phonetic representations. At
UC Berkeley, the lab of Professor Micheal 1. Jor-
dan pioneered this approach, and these scientists
are now matching all kinds of acoustic informa-
tion with brain recordings. However, according
to Steven Laureys at the University of Liege in
Belgium, it is crucial to develop evidence dem-
onstrating that thinking words produces brain
activity similar to that produced from the per-
ception of those same words when spoken aloud.
Indeed, such evidence is crucial for inventing
products that may cvenma"y read minds.

In the meantime, a company called Ambi-
ent Corp is ma.rkcting pmduc[s based on NASA
research to the pub|ic. One of these pmdu::ts, the
Audeo, connects to an iPhone, wraps around the
neck like a hairband, and is touted to be the fu-
ture hands-free, “voice free” form of communi-
cation. It interfaces with Siri, too. An alternative
to Futurama’s eyePhone? Let’s wait and see. @&
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By Jessica Lam

From Loners to Altruistic Flea-Pickers

Traditional theories of social bebavior assert thar social structure is determined primarily by recent and
contemporary ecological conditions. Although these are logical conelusions considering the impartance
of adaptation in shaping animal behavior, such beliefs downplay the influence of specific genes in deter-

mining social structires.

In a recent study published in Natwre, scien-
tists from the University of Oxford studied the so-
cial organizations of 217 primate species through
the lens of evolutionary genetics. The results of
their research suggest a strong genetic basis for both
social behavior and the changes from one type of
social organization to another over rime.

‘The researchers began their study by dlassifying
the social behavior of each primate species into four
groups: solitary, pair-living, or group living, which
itselt was subdivided into single-male and multi-
male groups. A single-male harem consists of one
adult male and multiple adult females, whereas a
multi-male group consists of several males and
several females. The divided 217 species were sub-
sequently arranged onto a primate consensus tree,
which summarizes the inferred evolutionary history
of the primate species.

Like a typical phylogenetic tee tracing ances-
try, a primate consensus tree maps ot our current
understanding of the species’ evolutionary history.
Researchers color-coded each species on the tree ac-
cording to its social organization. This organization
of data revealed that, more often than not, closely
related species on this tree were the same color, in-
dicating that genetically-related species often have
similar social organizations. These statistically sig-
nificant similarities led the researchers to conclude
that each species’ social organization was strongly
based on generics.

Using four different models to interpret the
data and characterize the species changes, the re-
scarchers were able to evaluate the rate and man-
ner of transition between the four groups (solitary,
pair-living/family groups, single-male, multi-male).
‘The first model of transitions between patterns of
social organization claims a single rate of transition
between all patterns, with all of the changes occur-
ring ar the same rate. In contrast, the second model
employs variable rates of transidon, implying that
some transitions are more likely to occur than oth-
ers (although the model does not provide which

of the transitions are more likely to occur, just that
some are). The third model restricts the transi-
tions to direct step-wise changes only. The fourth
model, or the “reversible-jump-derived” model, on
the other hand, uses information derived from the
phylogenetic data to identify likely transitions.

Of the four, the researchers found that the
reversible-jump-derived model fit the data most
closely and best explained primate sociality. This
model suggests that social behavior evolved from
solitary ro multi-male groups, and then from mul-
ti-male to either pair-living or single-male harems.
‘The study identifies the switch from a nocturnal o
a diurnal lifestyle as a possible catalyst for primate
social evolution from solitary to group structures, as
it would have forced the primate ancestors, exposed
during the hours of daylight, to seek safety in num-
bers from predators. The researchers hence recre-
ated the evolutionary history of social organization
using the reversible-jump-derived model.

While the transitions from smaller groups to
larger ones have previously been assumed to occur
at a consistent rate across species, evidence from
this study does not support that theory. Rather,
the ph}'logenetic dara suggests the transitions oc-
curred mostly unilaterally. The shift from solitary
|iving to multi-male groups occurred mughly 52
million years ago, which coincides with the change
from nocturnal to diurnal activity. From this, more
stable social structures emerged, eventually leading
to pair-living and singlc—ma[c groups that cmcrgcd
around 16 million years ago. Many of these land-
mark ch;mgcs in sociality occurred at points where
one primate ﬁl.mil_v divided into mu|tip|e evolu-
tionary groups.

Researchers exp]orcd sex-biased  dispersal as
another possible catalyst for primate social evolu-
tion. In sex-biased dispersal, which occurs in many
primate specics, one sex (typically male) disperses
much further from the birth site than members of
the other sex. Ithas been theorized that this allowed
members of the sex that remain at the birth site w0

form cooperative relationships with each other, re-
sulting in increasing sociality within the group.

The data places sex-biased dispersal patterns as
appearing after the shift from solitary to multi-male
groups. Thus, these findings discredit the once ac-
cepred idea that cooperative relationships led to in-
creasing sociality and therefore larger groups. How-
ever, even though the change to sex-biased dispersal
did not prompr social living, it can still be credited
as a secondary catalyst towards more stable social
groups.

Dr. Joan Silk, an expert in primate social be-
havior at UCLA, asserts, “The existence of a strong
phylogenetic signal spells trouble for socioecologi-
cal models that aim to explain the evolution of pri-
mare social nrgani?.atinn.” In other words, it eco-
logical condirons, such as resource distributions,
were the primary determinant of social behavior,
then related primate species in different ecological
environments should display a wide range of social
organizations. Furthermore, if this theory were
correct, primates in similar environments should
have similar social structures regardless of genetics
ot evolutionary history. This study shows that nei-
ther of those hypotheses is true. These results will
undoubtedly play an essential role in furure studies
seeking to model the evolution of social behavior
in primates.

As stated in the study, "Anthmpoids [mon-
keys and apes] differ from other social vertebrates
in the prevalence of stable groups and bonded re-
iarionships between individuals.” Addiriona“}g this
study’s conclusion supports the results of a previous
experiment, which demonstrated that male mon-
keys have a binl(}gicﬂ pmdisposition towards cer-
tain toys. In the 2008 study, the researchers found
that the male monkeys overwhelmingly preferred
to play with “masculine” (i.e. wheeled toys), rather
than more “feminine” stuffed dolls. The fact that
these two separate studies came to similar con-
clusions invo]ving gcnctic:llly—dt“tcrmincd innate
behaviors, confirms that gender roles and social
behavior are based largely upon genetic compo-
nents. Studying primate social behavior will also be
revealing of human behavior, serving as a way to
understand the underlying basis of our own social
structures. @
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Colqrihg the Cosmos 3

oph

Let’s imagine you'e in deep space. Behind
you, our sun is indistinguishable from the billions
of stars that compose the Milky Way Galaxy. In
front of you, 4,000 light years away, you're able to
make out the bright light of the Crab Nebula, a
cloud of gas and dust left over from a violent su-
pernova explosion. You recall seeing photographs
of the Crab Nebula when you were back home
and remember an ethereal crimson cloud with a
center of brilliant white. Or was it a green-and-
gold ring of algae-like filaments, focused around
a haze of blue smoke? Suddenly, it occurs to you
that you've seen many photos of the Crab Nebula.
Each was entirely unlike the others, and each was
entirely unlike the white smudge of |ight that
barely makes itself visible to you from your van-
tage point in space.

What's going on? l’hotographs of deep space
would have us believe in a Day-Glo universe.
We're accustomed to gorgeous, detailed depictions
of nebulas and galaxies, rendered in brilliantly
saturated hues. But if you've ever been in space,
or at least looked at a deep space object through a
rclcscopc, you know thar those colors aren't visible
to the human eye. In fact, many of the colors you
see in astrophotographs were never there to begin
with. Typ ical 1_\_«', we expect phomgraphs to show us
the world

were seeing it with our own eyes. But astropho-

and the universe — roughly as if we

mgraphs aim to serve a highcr scientific purpose,
and can show us much more than that.

Catching Rays

To understand how astrophotographers
take pictures, it helps to think of a camera as a
data-collecting device. It records the wavelength,
frequency, and amplitude of the light it receives.
Encoded in this daw is valuable information.
Chemical elements emit light ac specific wave-
lengths, and if we can identify the wavelengths of
light produced by a galaxy or a nebula, we can also
identify the chemical elements that compose that
galaxy or nebula. We can then infer its origins, its
evolurion, and the temperatures of its individual
stars. A photograph is literally a graph that depicts
this informarion. Color represents wavelength; in-
tensity of the color represents amplitude. (When
you get sunburned, your skin is a negative pho-
tograph; darkness corresponds to level of light
exposure.) In a family photograph, the colors cor-

respond almost exactly to the wavelengths they
represent. But in astrophotography. two chemical
elements might emit similar but distinct wave-
lengths of light — say, two different shades of red.
[ts important that we distinguish these two ele-
ments, so an astrophotographer might choose to
represent one wavelength of light with a contrast-
ing color, the same way you might choose colors
to represent data on a bar graph.

Visible Light

To distinguish the wavelengths of light re-
corded by a camera, it’s easiest to control the light
the camera receives. Astrophotographers use a tool
called a filter, a piece of colored glass that blocks
all but certain wavelengths of light. A filter allows
astrophotographers to take a photo of; say, just red
light. Typically, astmphotogmphcrs will take three
photographs of an object, each through a differ-
ent color filter — red, blue, and green. Separating
the \vavt:Iengths of |igh[ into three plm[ographs
makes it possib[c to adjust the brigh tness and con-
trast of spt:ciﬁc colors. The three modified phnm-
graphs are layered to produce a single full-color

otography Explained

We expedt photographs to show us the
world roughly as if we were seeing it with
our own eyes. But astrophotographs can
show us much more than that.

image with important features made visible.

M(_)ﬁ'[ l‘hc[’)u'aﬁ arc Surr‘)undﬂd b}’ an ﬂ.bl.ll-]'
dance of ionized hydrogen gas. Hydrogen is the
most plentiful element in the universe, but the red
light it produces is faint. By amplifying the red
layer of a three-color photograph, the hydrogen
becomes visible, The rosy haze that character-
izes many photographs of necbulas indicates an
abundance of hydrogen gas. A bluish-white fog,
like that seen in visible-light photos of the cloud
nebula, indicates synchrotron radiation, a bright
light emited by charged, fast moving particles
passing though magnetic fields. In the case of the
Crab Nebula, it suggests the presence of a rapidly
spinning neutron star at its center.

ir e

By Sky Kalfus

Narrow Band Imaging

The pinkish color of nebulas can also be in-
dicative of ionized helium gas, which, like hydro-
gen, emits red light. In fact, helium and hydrogen
are so similar in color that they're impossible to
visually distinguish. When astrophotographers
want to differentiate between two elements of the
same color, a simple red, blue, or green filter wont
do. Instead, they use filters thar only ler in one
specific wavelength of light — say, light emitted
by sulfur. With one photograph that only shows
light emirted by hydrogen and another that only
shows ]ighr emitted by sulfur, they can assign an
arbitrary contrasting color to one of the photos.
When the photos are layered, the contrasting
color stands out and separates the wavelengths.

Non-Visible Light

While the visible light emissions of celestial
bodies are interesting, space obier:ts emit way
more than just visible light. That's why we pho-
tograph at nearly every wavelength of electromag-
neric radiation there is — X-Iay, gamma ray, ultra-
violet, infrared, microwave, and radio.

Astrophotographers can  represent photos
taken in non-visible forms of light by arbit[arily
assigning colors to different wa\-'efengths. Since
most astrophotographs you see are taken in non-
visible wavelengths, most of the colors you see
have no basis in fact. Usually, astrophotographers
represent |nw—wavc]ength ]ight with low-wave-
lcngth colors, like red, and high—wavelcngth light

with high-wavelength colors, like blue.

True or False

Are manipulated astrophotographs in “false-
color”? Many scientists argue that there’s no such
thing as “true color”. After all, organisms — dogs,
lizards, possible extraterrestrials — perceive color
in all kinds of ways. I¢s hard to define what “true
color” is. What's important to astrophotographers
is to preserve information abourt the wavelengths
of light. Wavelength is an objectively measurable
quality. Color is not. Astrophotographs don't
show us space as we'd see it with our own eyes. In-
stead, they give us a kind of super vision, the abil-
ity to identify the chemical composition of celes-
tial bodies thousands of light-years away. Through
the careful manipulation of the faint fragments of
light that reach our astronomical instruments, the
universe becomes knowable. @&
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(Clockwise from left) = A photo- \ i SN
graph of the Crab Nebula taken with A A >y

the Hubble Telescope, which shows . B 3 B
the actual visual light emirted. ¢ Star ’“-J‘? R A T
forming pillars in the Eagle Nebula - ; _
known as “The Pillars of Crearion.” Rt PR o
Qreen rcpres’e.nrs hydrogen, red rep- b “M-
resents singly ionized sulfur, and blue Ty
represents double-ionized oxygen. * An

RBG photograph of the Omega Neb- 4 >
ula where the colors don't correspond - %
to the wavelengths they represent: Red .

represents sulfur, green represents. hy- "%, 5.;" R ,

drogen, and blue represents oxygen. . .
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Frontiers of Cross-Modal Display:
The Emoti-Chair as a Model Human Cochlea

t Ryerson University, the
laboratory of psycholo-
gist Frank Russo has de-
veloped the technology
to convey musical emo-

tion through vibrotactile
stimuli. Cleverly named
the “Emoti-chair”, the
apparatus channels vibrations through the
seat via embedded speakers. Ultimately, the
participant feels, racher than hears, the mu-
sic.

Many have already experienced such
phenomena, but more as a supplement to
our acoustic experience. One may have, for

instance, attended a party where the beat of

the music, in addition to being heard, could
be felt, coursing through the body. Addi-
tionally, one may have relaxed into the mas-
saging vibrations and ambient soundscapes
of a spa chair.  Another way to rake advan-
tage of the cross-modal display is to warch
the iTunes visualizer.

By Adrian Jewell

The visualizer takes the structural con-
tent of the sound recording to produce a vis-
ually stimulating animation. These examples
demonstrate that today’s commercial cross-
modal technology is readily available, but
primarily supplementary. While the afore-
mentioned recreational experiences with
vibrotactile information supplement and
enhance the music going through the ears,
Russo aims for a freestanding musical experi-
ence that can be felt on the body.

One’s intuition may offer an easy solu-
tion to this goal: simply outpur the compos-
ite audio signal of a song through speakers,
then touch the speakers. This will likely
cause a general buzzing sensation. Where's
the emotion? The problem is that the small
patch of skin that touches the speaker can-
not discern the intricate patterns of sound.
This is because rhe ear is far superior to the
skin in sensitivity to vibrations. It can hear
from 20 Hz to 20,000 Hz, while the skin
senses within the range of 5 Hz to 1,000 Hz.

As such, pitches must not only be translated
but also manipulated to fit within the skin's
sensitivity range.

The solution, therefore, is to decode
sound into its component layers and pre-
sent them in such a way that we perceive
all of them simultaneously. For a solution,
researchers analyzed the human cochlea, an
organ in the auditory system that resembles a
spiraled sea shell and naturally deconstructs
complex sound into its component parts.
The cochlea decodes complexity in sound
waves by separating the derivative frequen-
cies along its length. For example, high fre-
quencies in the sound activate the entrance
to the cochlea, and the bass frequencies acti-
vate the center of the spiral. This is the pro-
cess of place coding, a central feature that

will allow researchers to translate sound into
another sensory modaliry.

A structural analysis of melody will bet-
ter explain the imporrance of place coding.
Consider the physical properties of melody.
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€€ The ear is far superior to the skin in sensitivity to vibrations. It can
hear from 20 Hz to 20,000 Hz, while the skin senses within the
range of 5 Hz to 1,000 Hz. As such, pitches must not only be trans-
lated but also manipulated to fit within the skin’s sensitivity range. 99

A sound that ascends in frequency corre-
sponds to a rise in pitch. Similarly, a lower-
ing of frequency corresponds to a lowering
of pitch. The dynamic qualities of frequen-
cy provide emotional content related to the
patterns of changes in frequency. Remember
that a rise in pitch means a change in place
code in the cochlea. It may be that people
seem to hear pitch at different locations be-
cause the cochlea actually registers different
pitches at different locations. This is why a
deep grumble can emerge from the ground,
and a beautiful, luminous melody can seem
to “descend from the heavens.” This con-
sidered, location frequencies can be placed
along a gradient, with the higher frequen-
cies closer to the head and lower frequencies
nearer to the lower back. When researchers
map pitches in this way, one can effectively
translate a melody, as if the human body it-
self were the cochlea: thus, 2 model human
cochlea (MHC).

Designing the chair poses a considerable
challenge. First, researchers do not yet have
the technology for a body “pad” on which
one could present any conceivable vibra-
tion at any conceivable point. The substitute
consists of specialized speakers embedded
into the back of the chair. These .~:pc;1|\'ct's,
coined “voice-coils”, are organized into rows
and columns down the back. The prototype
design went through several phases. The cur-
rent model includes voice-coils down the en-
tire back as well as some smaller ones in the
arm-rest.

Two models currently exist to urilize the
adv:m:ugcs of the MHC: Track Model ('T'M)
and Frequency Maodel (FM). TM is the pro-
cess by which a multi-track master recording
is channeled through the voice-coil configu-
ration. TM tracks can be created by record-
ing cach layer of music individually. FM is
the method used to deconstruct composite
sound files into segmented audio rtracks
based on frequency. Note that it does not
separate tracks, but frequencies. For exam-
ple, in a piece of music that uses a drum set,
some parts of the drum set will be high fre-

quency and other parts will be lower. These
two components of the sound will end up on

different audio tracks. To clarify further, if

one were to play all the resulting frequency
tracks at the same time, one would hear the
original piece of music. The resulting fre-
quency bands are channeled through corre-
sponding voice coils. In an ideal world, a
TM would be reconstructed from a compos-
ite sound file.

The first official study on the Emoti-
chair sought to test FM as an effective way
to apply sound to the MHC.
asked, "Does the FM method convey emao-

Researchers

tion better than a control method?” They
found that it did, but a portion of the results
were controversial. Participants experienced
eight different audio samples through the
Emorti-chair both with FM processing and
in a control situation. In the control, the
sound was transmitted through the chair
without place coding. The selections were
chosen to cover a swath of emotions (joy,
anger, fear, and sadness). After the partici-
pants experienced the sample, researchers

measured three things: valence (amount of

p()_‘;iti\'c cnct'g_.;}’}. arousal, and L,'Hiﬂ}-‘[ﬂt'ﬂt.
Additionally, researchers asked for specific
comments on the chair.

On average, participants rated the sam-
plcs in FM as |m\-]ng stronger valence than the
control method. More specifically, valence
ratings did not differ signiﬂcunt]__\-' between
joyful and sad music. This is to be expected,
because joyfulness and sadness are two high-
valence emotions on the circumplex model
of emotion. This reflects Emoti-chair’s still
!n'imili\-c qualilics. On a more po.s.iii\-'c note,
the mean enjoyment ratings for joy were sig-
ni{}u'unﬂ‘\' higher than those of sadness and
anger. Enjoyment ratings for sad music also
topped those for anger and fear. This is also
an expected result because sadness is actually
a very popular style across genres. Just imag-
inec how many popular songs and non-vocal
works are laments, ballads, or picces with
qualities of pain and sorrow. The rcason that
joyful music carries a comparably high en-

joyment rating may be for reasons intrinsic
to the qualities of the FM, rather than just
the music itself. Joyful music typically has a
wider range of frequencies as well as more
rapid movement and development of mu-
sical content. A more varied, and therefore
more stimulating, set of frequencies might
just feel more arousing. The researchers en-
dorse this opinion.

The subjects provided qualitative re-
marks on the selections. As a general re-
mark about the FM selections, one person
said, “I'm enjoying the track with a wide
range much better than the one that stays
within a tight range.” This should be ex-
pected of FM rracks, which present a wide
range of frequencies across the back. Tar-
ticipants described a selection from FM-Fear
as “military, urgent, impatient” while the
same track as a control was “boring, didn't
say ;‘ul_\-‘lhing_" Other comparisons between
FM and control had less clear distinctions.
A control selection for joy ranged from “too
low, too weak to express ;ln_\'{'hing" all the
way to “epic, energetic, and proud.” In spite
of these examples, it was still observed that
participants more clearly characterized their
emotions after FM experience than after ex-
periencing a control stimulus, suggesting a
more vivid comprehension of emotional ex
perience.

Ultimately, the Emoti-chair provokes a
p]‘lilosr)phic;ﬂ re-contextualization of mu-
sic. In the past, music meant sitting in a
hall with only acoustic ainlpliﬂt'attinn, Now,
venues have multimedia presentations and
amplification technology. In the future, one
may don a bodysuit of vibrotactile stimula-
tors. With this garb, Mozart might blissfully
massage while metal or filthy dubstep may
grind one’s innards. One should consider
the question of whether quu“t}-‘ of musical
experience improves with technology. This
invention suggests that music may eventual-
ly synthesize the senses into one conglomer-
ate modality; already, those without hearing
disabilities describe listening to music with
the Emoti-chair as immersive. ®
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David
Eagleman

a renaissance
man of modern

neuroscience

Dr. David Eagleman is a prominent neu-
roscientist currently rooted at Baylor College of
Medicine in Houston, Texas. Dr. Eagleman is
a best-selling author af both non-fiction and fic-
tion works, frmfkdirzg Incognito, which explores
the unconscious brain, and Sum, a collection of
vignettes. Sum is an international best-seller and
was recently a(&:p:fd into an opera, which will be
performed at the Royal Opera House in London
this year. Eagleman’s lab is working on a variety of
projects which explore the complex inner workings
of the buman brain, and what the discovery of
these pracesses means for the buman race. Fditor-
in-Chicf, Francis Lawrence, spent bis winter term
in Eaglemans lab, and took the oppartunizy to
have a nice chat.

What are your areas of research?

‘There are several prongs to the laboratory.
‘The overarching umbrella ... is how the brain
constructs reality and how that can be very dif-
ferent inside different people’s heads. 1 [also]
study time perception and how that can work
in different situations. [Thirdly, I] study synes-
thesia, which is a good in road to understanding
how one tiny genetic change can make someone
different from someone else. 1 study neurolaw,
how this all matters on a societal level ... the fact
that people can be very different on the inside
and how that makes a difference in how you run

the society or how you run social policy. I'm

also interested in ... issues of empathy, how peo-
ple view in-group and out-group distinctions.
Finally, the fifth prong is plasticity — how the
and so we

brain rewires iself, changes itself
are just launching several projects that will take
advantage of plasticity to feed new kinds of dara
streams into the brain through neural channels.

What is something that most people
don’t realize about time perception?

That time is not necessarily a fixed Howing
river, but [it] is a construction of the brain and
it is malleable, so that under different circum-
stances you can think that things are longer
or shorter. Maybe people do realize that, bur |
don't think people have any notion of the de-
gree to which we can manipulate that in a labo-
ratory and make people think something lasted
longer or shorter than it did.

What is synesthesia?

It is a blending of the senses where some
sensory stimulation leads to an anomalous or
unusual sensory consequence. For example,
hearing music that causes someone to see a
color or shape or texture, or eating something
[that] puts a feeling on your fingertips or hear-
ing something [that] puts a feeling in your
mouth. So it is a ... merging of the senses. It

used to be thought people were just being po-
ctic or metaphorical, but now it is clear thar it is
a genuine perceptual phenomenon triggered by
cross talk in the brain.

Could you talk about something you are
wondering currently or found our recently
about synesthesia?

Well two things are going on currently.
One, [synesthesia] appears to be genetic. It runs
in family trees, so we are trying to figure out
the genetics of it. It is a real challenge because
like many conditions, it may be different genes
in different families. It may be polygenetic
even within a family, so its a heck of a chal-
lenge to try to find this. We have been work-
ing for many years, so [ hope not to fail there.
Currenty we are [also] pursuing a hypothesis
that sensory processing dysfunction in autism
is actually a form of synesthesia. A lot of au-
tistic kids can’t stand certain words or sights or
touches or smells, What I realized in looking at
this carefully is, its not necessarily that every-
thing sounds louder to them — because if that
were the case they would not like loud sounds
equally — but it is very particular. It’s particular
sounds thar matter to them and that made me
wonder if it was a network property, just like
synesthesia, but instead of the sound triggering
a color or a texture or a shape, it is triggering
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nausea or dizziness or aversion or something
like that.

Would you say you found your niche or
the best way for you to investigate the world?

I think there are many ways of investigating
the world and so this is one approach [which]
is very fruittul, but it is not the only one. Per-
sonally I spent a fraction of [my] time explor-
ing the world [hrough literature also, which is
a diﬂ'_crc‘nt Wﬂy 0{ undf:l'sf:lnding huI]lQ.I'IS ﬂlld
motivations and desires and loves and things
that science is a little impotent on. [But] as far
as a day-to-day job, yeah, I think it is optimal
{:01' me as {":Lr a5 h()w o .‘.‘pend 111}’ da}llght hOLlrs.

What do you feel is your role in the neu-
roscience community?

Well ... sometimes | describe myself as a
theoretician — which is not quite correct —
and people don't understand that, because what
I do is experiments all day. | work with numbers
and data and fMRI and so on, but the reason |
think of myself ... [as a theoretician] is because
there are laboratories that study the brain at all
these different levels — from molecules to syn-
apses to neurons to networks of neurons — and
what’s needed is a theoretical framing to stitch
all these picces and parts together, and find out
how they fit together. That’s the part that I do.

Now what would you say is the most im-
portant thing from neuroscience to commu-
nicate to laymen?

[t depends what we mean by important.
I've been really interested in social issues lately.
One of the things I think is underappreciated
is the degree to which half of us, as people, are
products of our culture, our communities, our
family, the movies we warch, [and] the fables in
our culture. All those things make us who we
are, so there is no sense in imagining yourself
back as a caveman because you would be so to-
tally different, in ways you can't even imagine
... We all think there is this hardcore version of
us thar ... has some decorations of culture on
lit], but it’s probably not that. Very little of that
hardcore [self] is in there. I think that is a very
important concept for people when they think
of people from other cultures and choices they
make and wonder, “Oh how could they make
that sort of choice?” It's actually a big pluralistic
world.

‘What was your purpose in writing fncag-
nito: The Secret Lives of the Brain?

Ah interesting question ... it was probably
multipurpose. When [ write a book, it allows
me to crystallize my thoughts on something,
and I'm always abour three times smarter when

I finish the book than when 1 start it. 1 think
there is this illusion that people have when an
author sits down and writes a book it’s because
the author has got all the stuff igured out and
wants to express it to the world. But in fact the
process of writing a book translates into ﬁgur-
ing a lot of stuff out — rc';l”y crystallizing ideas
on the fly. You sort of know generally where
you are going and you sort of know what's hap-
pening in front of you, but you figure a lot of
stuff out along the way about the route. T always
learn things from writing a book.

Like by making connections?

Yea.h e S0 thcl'ﬁ‘s tl]ﬂ.t ﬂnd [h(‘ {)[I]Cr I]dIFOF
it, as far as purpose gocs, is I believe strongly
in the endeavor of popular science. I don't un-
derstand why, but popular science sometimes
has a bad reputation within the science com-
munity, where there is a lot of pettiness about
this. People feel like if you are spending your
time doing that at night, then you aren’t reading
academic papers or writing academic papers.
But the fact is ... [with] /ncognito, 1 spent a lot

‘When | write a book, it allows

me to crystallize my thoughts on
something, and I'm always about

three times smarter when | finish...

of time writing that book, polishing thar book,
making the best book I possibly could. I didn’t
know if anybody would be interested in it by
the time it was done, but then it became a New
York Times bestseller for almost four months,
and what that tells me is there is a real public
appetite for science and these ideas ... Instead
of writing an academic paper that is read by 17
people on the planet, here was an opportunity
to turn a lot of people on to a lot of ideas. You
know, I think it is so critical for the future of
education, for our legislation eventually, for our
future of warfare, just in terms of ... teaching
people what is known [and] what has good evi-
dence behind it. It changes how people look at
the world, what people think abour social pol-
icy, how they think about international policy,
how they think about whar they want to teach
their own children. [ feel like /ncognito is prob-
ably the biggest impact that | have had in my
life so far, in terms of actually being able to turn
people on to a whole constellation of ideas.

You, in the book, discuss the mind as

being unaware of many of these processes of
the brain and you say that throughout. These
terms, “mind” and “brain”, what do they
mean to you and how are you using them?

‘The way I try to phrase it most consistently
in the book is the conscious mind and the un-
conscious brain, The conscious mind is the part
that flickers on when you wake up in the morn-
ing. It is the part that wasn't there when you
were sleeping but is there when you are awake.
The surprisc to me when [ got into neurosci-
ence and studied it (for the last 18 years now)
is to get this decper and deeper understanding
of how little the conscious mind has to do with
what is actually happening under the hood. The
vast activity in your brain is unconscious. You
don't have access to it.

Would you say that the conscious mind
is still a physical section or constellation of
the brain2

Well, okay, it probably isn't a section in
terms of the geography. And the reason we
know that is because you can damage essentially
any part of the brain and, so far as we know,
there arent lesions thar cause someone to be a
zombie in that they keep doing the same things
with their conscious mind ... That [the] mind
arises as a property of the brain may be an
epiphenomenon, and that’s probably the best
guess. Burt as I talk about in the last chaprer of
the book, I devote it to this issue [of whether
there are| other possibilities.

What is our evidence consistent with? Does
it necessitate that consciousness is an emerging
property of the physical pieces and parts? And
the answer is: not necessarily. I mean that is the
operational hypothesis thar all of us come into
lab every day with and we pursue this in lab —
how the physical structure of the brain trans-
lates to consciousness — but we are absolutely
certain that is an unsolved question. Not only
do we not know how to translate the physical
activity of the pieces and parts into conscious-
ness, but nobody even has a good idea, even a
seed of a shadow of an idea about whart such a
theory would look like.

To figure out how you could make a theory
that translates one into another ... leads to a
whole branch of philosophy that suggests that
consciousness is an inherent property of the
world, a part of the fabric of the cosmos, like
gravity. It might be a special thing. @

Interview by Francis Lawrence

Want to learn more about Dr. Eagleman’s re-
search and views on life? Read the entire
interview online at

TheSynapseMagazine.com
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Where to Next?

Alternative Career Options in Health-Related Fields

By Brett Kingsley

raduation. Whether this word
means one more month to you, or
you still feel like you just arrived
here at Oberlin, graduation is the
result we are all striving for. For
science majors, the path may be
tedious at times and flled with many different
obstacles. However, what we ultimately decide
to pursue following the ceremony is whats truly
important. A large portion of students who spend
their undergraduare careers studying science goes
on to pursue medical careers. While choosing to
become a doctor or a nurse is most common,
there exist many other less obvious options.

1. Occupational therapist — Individu-
als in need of this service may have a physical,
mental, or even developmental impairment that
does not allow them to function in an independ-
ent manner on a daily basis. This job may involve
re-teaching the task of buttoning up a shirt to a
man who has had a stroke, or possibly teaching a
teenager with autism how to jump rope or jug-
gle to improve coordination skills. You will strive
for your p:ilicm_s to come out of your treatment
feeling independent so that they may have more
control of their lives. This may appeal to neuro-
science majors who have a greater understand-
ing of how to get the brain and body working
in unison to perform certain tasks, or to biology
majors interested in the way in which different
body parts collaborate.

2. Nuclear medicine technologist — This

is similar to a plmrmau‘ist. burt with a twist. Being

a nuclear medicine tt'c}mulugist can be quicHy
described as using radioactvity not only to treat
disease, bur also to diagnosc it. Nuclear medicine
tcchnoh‘;gisrs prepare and administer :'adinph;lr—
maceuticals. f\ddi:'iona”y‘ [hcy take X-rays and
dcvc]op different types of images which {|‘ch of-
ten supply to physicians. This occupation may be
fit for those majoring in physics, er those major-
ing in chemistry, who enjoy working hands-on in
a laboratory setting with the different chemicals
involved.

3. Applied behavior analyst — An applied

behavior analyst is a certified specialist who is

concerned with how people interact with their
environment. Being an applied behavior analyst,
you will be working with various people on dif-
ferent behaviors such as communicarion, reading,
social skills, and work skills. The program may
involve training patients to respond appropriately
to punishment, reinforcement, and verbal com-
munication, or lack thereof. Becoming an ap-
plied behavior analyst may interest those who are
majoring in psychology or neuroscience, since all
behaviors stem from the brain and make up the
personality of the clients,

4. Chiropractor — The main task of a
chiropractor is to manipulate the spine into its
proper formation. The job also calls for manipu-
lating other soft tissues and points. To someone
not knowledgeable in the field, it may look like a
deep massage. Yet along with these sessions, chi-
ropractors perform various other treatments for a

#
Ben Garfinke|

patient, involving weights, head slings, and dif-
ferent stretching apparatuses. Chiropractic may
be a medical career choice for those majoring in
biology or neuroscience, because of their knowl-
edge of the parts of the body and the connections
between the spine and the brain.

5. Clinical dietitian — These are dietitians
who work in health care facilities. Their patients
include those who have various health condi-
tions pertaining to their diets. They review medi-
cal charts and work with medical professionals
to develop nutrition plans for their patients.
Clinical dietitians may also provide seminars or
public information sessions pertaining to proper
health and nutrition in communities and schools.
Chemistry and biochemistry are two areas of
study which could lead to becoming a dietitian,
along with academic background involving food
and nutrition.

6. Anatomist — These biological scientists
focus on the structure of living organisms. In
most cases, anatomists actually work with hu-
man anatomy because most professionals in this
field focus their research on humans. Anatomists
work at universities and medical centers, where
they teach the structure of organisms or conduct

pr(;—

fessionals on their way to becoming pharmacists,

rfscarch, '“1(_‘}' Iit‘] P to train many TTIt‘d‘[C;l

nurses, and doctors. Those who may be interest-
ed in becoming an anatomist may be majoring in
biology or neuroscience due to the fact thar they
already have a general understanding of human
anatomy.

Perhaps you're certain that you want to at-
tend medical school, or maybe one of these alter-
native choices sounds appealing to you and you
might want to learn more. The possibilities are
truly endless, and while considering your future
may seem a bit ovcrwhchning, if you dig around
alicde you will -.1|w;1_\_fs be able to find options you
haven't yet considered. We hold all the keys to our
future; it’s up to us to decide which door to open
and which path to rtake, or even to create new
paths ourselves. We're given the tools to make
ourselves exactly who we want to be, so consider
your options. Don't wait; start exploring. @
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OP-Ed: Lorain County Health

One Obie’s Take on Healthcare Outside the Oberlin Bubble

By Sesha Nandyal

s Oberlin College students, we spend about four years

of our lives in a rural town with a population of 8,300.

The citizens and local businesses are reliably gracious.

There is, however, a remarkable difference between

the typical Oberlin College student and the members
of the surrounding communiry.

College students usually have access to a much higher standard
of healthcare than the Oberlin townspeople. The Lorain County de-
mographics show a 17% minority population, 13.6% over the age of
65, and 7.3% unemployed. With 9.1% of the population uninsured
and 23.2% below twice the federal poverty level, health risks become
a major issue. Difficult economic circumstances and the lack of in-
surance greatly limit access to primary care. There are 211 primary
care physicians in Lorain County, meaning that there are roughly
1,400 patients per doctor. Of course, with varying population densi-
ties and eligibility requirements, the number is often much higher.
Only 81 of these doctors serve Medicaid recipients, which further
deteriorates the primary care accessibility, as many people are not
eligible for government health programs. Thus, this situation causes a
type of healthcare isolation for the uninsured populations, including
those with government assistance.

Little or no access to primary care correlates with a 7.6% inci-
dence of low birth weight, 33.6% of adults having high cholesterol,
and higher rates of infant mortality than peer counties in the United
States. The United Way of Greater Lorain County produced a Com-
m“?ﬁ'fgﬂ’ }{ﬁ'ﬂ;ﬁ[} S‘rﬂm! R{'Pt;'rf ShO\Viﬂg a largc P('}pl.lla[if)n Suﬁ‘cring
fl'{)m bl'e&l,sf Cancer, lung cancer, Elnd coror‘lary hear( dIESCaSC, —I-hc MOost
disparaging results, however, are seen in the mir‘lority popula_tions, In
2008, the infant mortality rate was 24.1 per 1000 births for African-
Americans and 9.0 per 1000 births for Hispanics, as compared to
4.2 per 1000 births for the Caucasian population. The discrepancy
between minority infant mortality rates in Lorain County is par-
ticularly large when compared to other areas of Ohio. This disparity
could be due to the large percentage of minorities who lack insurance
or dU not ha\"ﬂ dCCess o Pfiﬂlﬂl'y care nor pffna[al CAre.

Lorain County’s African-American residents have a 10.1% rate
of low birth weight and only 52.9% receive prenatal care in the first tri-
mester (the three most critical months) of fetal development. Accord-
ing ro a recent World Health Organization survey, Zimbabwe, a coun-
try typically representative of the third-world, has a 12% incidence
of premature births, and only 44% of people have four or more ante-
natal consults. These statistics demonstrate that the African-American
population of Lorain County, a locality within the United States, has
two important health indicators within 9% of those of a third-world
country.

‘The reasons for such a stark contrast may lie in a lack of primary

care or insurance coverage, or a phenomenon such as vitamin D defi-
ciency. Whatever the cause, it is completely unacceprable for a councy
within such a privileged nation. As college students, it may be easy to
take access to healthcare for granted, but it is important to acknowl-
edge this privilege and help this community. For Oberlin College to be
a truly great institution of higher learning, its students, many of whom
are pursuing at least one social cause, must maintain awareness of and
be prepared to challenge the Oberlin city health disparities. &

The views expressed in this work are those of the author and do not necessarily
represent the views of, and should not be attributed to, The Synapse.
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An Interview with William Fuchsman
The Life and Work of Oberlin’s

Retiring Chemistry Professor

Inn his many years as a valued professor at Oberlin

College, Dr. William Fuchsman has taught a number
rf r'f:mr:',fr?_'r and f):'orfwrzfsﬁy courses. Now in his
[final semester here at Oberlin, Fuchsman is teaching
Bioorganic Chemistvy, the cotse be is most well known
for, and finishing up a number of research projects.

The Synapse sat down with him to discuss his research,
aareer; and various other pursuit.

I was trying to understand your research.
Arnl:mg other thiugs, you're trying to charac-
terize the abilities of hemoglobin and myoglo-
bin [proteins in red blood cells and muscles,
respectively] to catalyze reactions of oxygen,
right?

“That's what it [says online]. My background
from graduate school on has had something to do
with heme proteins, if that has meaning for you.
The heme is the red component of hemoglobin
[the protein which transports oxygen on the red
blood cell], and it’s found in other proteins, and
its important. Hemoglobin, myoglobin, that’s
what makes muscle red. The heme is ... an aro-
matic, organic material. Thats where the color
comes from. It’s also a very good ligand [or bind-
ing molecule], and its a ligand to iron. When the
iron is in the plus 2 state, and hemoglobin or my-
oglobin [and] oxygen combine, ... hemoglobin
carries oxygen around and myoglobin serves as
a depository for oxygen in muscle cells and also
facilitates and speeds up diffusion [movement to

areas of lower concentration] of oxygen. Oxygen
is very small, so it should move I'.'lpidl}r’. However,
its diffusion requires a concentration difference.
Since oxygen is practically insoluble in water you
can't get much of a concentration difference, but
you can sure get a concentration difference for
oxygenated myoglobin in two places. ...[Then
oxygen is getting where it needs to be in a cell.
And it’s going there, being carried by myoglobin.

So there are a lot of heme-containing pro-
teins, [like] the soybean leghemoglobin. It turns
out that in legumes — soybeans are one of those
legumes — nitrogen fixation [plant pulls in at-
mnspheric nin'ogcn, necessary for survival],
which requires a lot of ATP [cellular encrgy], and
one of the ways of making a lot of ATP is by us-
ing oxidative phosphorylation.

So you need a lot of oxygen, and the only
problem is that the enzyme that does nitrogen
fixation is very sensitive to destruction by oxy-
gen. So what you need is to have something that
can carry oxygen, something like myoglobin [but
functions at very low oxygen concentrations], in
the plant cells that have the symbiotic bacteria
in them, because the symbiotic bacteria are the
things that under low oxygen conditions will [fix
nitrogen in the plant]. So you've got to keep low
oxygen conditions and provide lots of ATP. This
is essential for the plant cell to provide an en-
vironment in which the symbiotic bacteria will
actually fix nitrogen, [and leghemoglobin serves

the role of facilitating oxygen diffusion at very
£ . )

low oxygen concentrations).
I'm still winding down. This is my last year

of teaching here at Oberlin.

Itis?

Yeah. So I'm trying to finish up. The faculty
have a career sabbatical for the semester and win-
ter term after stopping tc*.aching, so 1 still can do
some research, but [after that] there’s not room.
[ can't stay here.

[ did a kind of triage on my many unfinished
laboratory rescarch projects, to try to figure out
which ones nobody would do if I don’t. Which
onesalso do I have a chance of getting done before
I retire? And one that I've been playing around
with for literally decades, which is not my main
line of research, was something | had found by
just investigating a little further a procedure that
we used to measure quantities of reducing sugars
... Reducing sugars are a class of sugar ... You can
detect their presence quantitatively or qualita-
tively because they serve as reducing agents. They
will reduce certain things whose reductions you
can monitor [with] a spectrophotometer, or [by]
looking at color change for quantitative or pre-
cipitation for qualitative assays.

And it is well established in the literature —
what happens to reducing sugars — they either
have or form aldehyde groups and the aldehyde
groups get oxidized to carboxyl groups at high

20 THE SYNAPSE

pH ... and [ just started checking our one such
pl’()Ct.‘?dlll‘C‘ thar T was using in t:::lching labora-
taries first in the biochemistry course and then
| shifted those experiments to the bioorganic
chemistry course ... that [ am now teaching.

I found that the behavior of this procedure
did nort fir what penple said was going on when
reducing sugars acred like t'cducing sugars. And
so I've been exploring that because that’s been
a settled issue for generations, and what all the
textbooks ... say is wrong! ‘That's not what's hap-
pening to the reducing sugar.

Are you going to write to textbooks?
No, we'll publish this in a journal and hope
that textbook writers ... notice.

I’m sure they would be reading it, right?
One hopes.

You've mentioned you had a graduate
school background in hemes and hemoglob-
ins. How did you first get led into that area?

Well, I was doing graduate work in a bio-

chemistry department and | had known thart |
was interested in biological chemistry, probably
before 1 even went to college. I was just inter-
ested in chemistry particularly, and I was inter-
ested in living things also, and I was interested in
combining that. When I got to graduate school,
I found that T was more interested in doing...
more chemical aspects of biology, rather than
more biological aspects. In the department that I
was in, the major researcher who was doing more
chemical work was the one who was working on
hemes, so that’s whar started it.

So it was kind of almost accidental, then,
it was just that he happened to be working on
hemes.

Right, because 1 didn’t know much about
hemes before starting work there.

You said that you were interested in bio-
chemistry before you even went to collegc. Do
you remember what got you interested in it to
begin with or was it just school in genera]?

The things I was interested in doing, as ... a
child was collecting insects ... [and keeping] vari-
ous creatures as pets. In high school, I worked
at the Cleveland Natural History Museum. |
went to high school in the Cleveland area, and
before that [ was in south Texas. [ was fascinated
b)’ marine biology. Before Padre Island became a
national seashore and a “spring break” destina-
tion, it was a place near where I lived... We could
drive to Padre Island. We could drive on that

beach, and we could go where there weren't other
people. And I spent some time when [ was in ...
junior high school ... with a family friend who
was a marine biologist, to learn some more about
purple sea snails, [and various other marine crea-
tures]. So [ was fascinared by these living things
and was also interested in chemistry, so [ wanted

to combine those interests.

Why Oberlin? How did you end up here
and why have you stayed?

I had not intended, necessarily, to be teach-
ing at a liberal arts college. Oberlin was the only
college [ applied ro. I was interested in academic
work and | applied to some university jobs as
well, but I got the Oberlin job, and I have not
had any regrets.

What's crucial to my satisfaction in the
Oberlin job is two things: working with moti-
vated and capable and interesting students, in
terms of courses, but also being able to do se-
rious research. Because there are, as you may
know ... liberal arts colleges where the faculty are
so pressed to teach what they have o teach that
there is no opportunity ... or very little oppor-
tunity to do research. Oberlin not only has the
opportunity, but expects faculty to be active in
their fields.

I like both the teaching and research aspects
of my job.

So you've really enjoyed leading a focused
academic life.

Yes. But, as you know, it is not so completely
focused [on academics]. [ am also involved in the
Guatemala work, which has nothing to do with
my scholarly work.

And how did you fall into that?

Duringa period of time, when terrible things
were happening to Mayan peaple in Guatemala,
there was a human right:-' effort b_v people were
working with rcﬁlgccs who were then in Mexican
reﬁlgcc camps — rci:ugces from Guatemala. And
then [there was] the coincidence of two people
who had been working in human righ ts work in
Guatemala, coming ro live in Oberlin at the same
time as [former Dean of Students Linda] Gates'
daughter was about to graduate from Grinnell
College. She wanted to do human rights work
and the people who maved into Oberlin wanted
to form a new organization to help with hu-
man rights work in Guatemala. My wife, who
has long been interested in anthropology, has a
master’s degree in [anthropology] from Oberlin
College, which once upon a time, offered such
degrees, [She] knew terrible things were hap-

Spgi’.{.ig?ﬂ‘ on Oberlin
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pening to the Maya burt couldn ... do anything
about it, didnt know details. It all came together
and they formed an organization, which is SEPA
[Santa Elena Project of Accompaniment]. And
[ was not involved in it for the first two years
of SEPA’s existence, Bur when SEPA’s first del-
egation was being organized to visit Santa Elena
in Guatemala ... I said two things to my wife,
One was, “That’s not a safe place to go. You're
not going alone. | will go, too!” And the other
thing | said was, “Why don't you schedule it for
January?” Because then we can take Oberlin Col-
lege students. ... January 1999 was the first ime |
went to Guatemala with my wife and some other
townspeople ... We met [the student group] in
Guatemala City and all went to Santa Elena and
[ was hooked and I have been back many times
since ... and have been involved for many years as
the SEPA treasurer and ... have been the faculty
sponsor ever since [1999] for the winter term
Guatemala project.

Do you have any other main interests or
hobbies outside of academia, which you like
to pursue or are active in?

I do enjoy gardening. My house is one
[where] ... most of the front yard is garden; the
entire,tree-lawn is garden. My wife and I like to
plant. We do a lot of planting of native [to Ohio]
plants.

My interest in animals has continued, so |
do have pets at home. Currently it’s just cats, par-
rots, turtles, and fish.

[ hada pet skunk [once]. | had a hedgehog.
‘The skunk was an interesting character, but the
hedgehog seemed really much less interesting ...
in terms of its interaction with us.

If you had any advice for young science
majors, what would it be, as they try and pur-
sue their careers and get jobs in the academic
market?

My advice would be to students who think
thcy are interested in the sciences: at some poim.
carlier is better, get some experience in a rescarch
lab, and find out. Because for some pcuplc. re-
search is really attractive, and its maybe what in
the end turns people on to a career in science.
And for other people, research is not a comfort-
able activity. You want to find our early on, in-
stead of thinking that rescarch seems like a very
attractive thing to do, and perhaps finding out
once you have committed to doing it, say in
graduate school, that actually you don’t like it so
much after all. &

Interview by Lizzie Roberts
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Lab Hierarchy

Undergrads have more

power than you think
By Hillary Mullan

an}’ PCOPIC SI'IHI‘L’ thc l_’}i_‘r~
ception that working in a
research lab as an under-
graduare
voluntarily giving yourself
up for slavery. You do the mind-numbing
tasks that the post-doc has been putting

is analogous rto

off for the past three months and in return
you are offered “experience”. As someone
who spent her summer sitting in front of
a computer counting cells for eight hours
a day, I can attest to the fact chat there is
some truth in the “mind-numbing” part
of this statement. However, | would say
slavery is much roo harsh a term. Instead,
I would compare the relationship berween
an undergraduate intern and research sci-
entists to that of a king and a court jester,
with the scientists playing the role of the
jester.,

Yes, [ am here to argue that undergrad-
uates have a lot more power in research labs
than most people will acknowledge. And
betore you launch into some counterat-
tack that highlights the difference berween
a stipend and a six figure salary, hear me
out. As an undergraduate student walking
into a scientific lab, you feel the research-
ers, technicians, and post-docs make a con-
scious effort to keep you entertained. They
provide you with stimulating conversation
and ler you play with the butrons of the
PCR machine. In return for lending them
your undivided attention, they give you to-
kens of appreciation in the form of Excel
spreadsheets or pyrex jars full of solution.
Granted, these items may be required for
your experiment, but the fact that they
were willing to do the grunt work setting
you up demonstrates their desire to please
you.

One of the biggest perks of being an
undergraduate in lab work is the almost
unlimited mistake quota. People expect
you to break test tubes, bend electrode
tips, rip rissue samples, and turn on all the
wrong things at the wrong times. When

Aos;

OB,

an experiment does not go as planned,
someone is there with a broom and a list
of suggestions for next time. It isn't like
in chemistry labs, where vou are limited
to ten dollars worth of clumsiness before
a professor starts giving you the evil eye.
Finally, as an undergraduate, you have
the power to ask whatever you want and it
is the Jab’s obligation not only ro provide
vou with the answer, but not to judge you
for asking the question in the firsc place.
If someone doesn't know the answer, it is
quickly researched and you can expect the
prompt arrival of a ser of journal articles in
your inbox. The fact is, in lab, research sci-
entists will cater to you, your interests, and
your goals. If they learn you are interested
in microscopy, they will search through
their dara for a particularly stunning image
or schedule an experiment at a time when
vou will be free to observe. They want to
impress you. 1
watching you learn. And while “test tube
defroster” or “cell-counter” may not be the
first skill you put on your resume, these
people have been there, have survived,
and are ready at any time to pull out their
pom-poms and cheer you on. &

“hese people get a kick out of

Upcoming
Seminars

Archeology

2012: 40th Anniversary of
the UNESCO World Herit-
age Convention: Reflec-
tions on US Participation.
Stephen Morris (OC ‘82),
Ofhce of International Af-
fairs, National Park Service.
(April 23rd, 4:30pm in
Classroom 11, Art Building)

Neuroscience

PKMZeta and Memory
(see article on page 8).
Todd C. Sacktor, MD,
Professor of Physiology,
Pharmacology, and Neurol-
ogy at SUNY Downstate
Medical Center. (April 27¢h,
12:10pm in Wright Lecture
Hall - W201)

Biology

Stephen A. Smith, PhD,
Professor of Ecology and
Evolutionary Biology at
University of Michigan.
(May 11, 12:10pm Location
TBA)
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Seminar: Stuart McDaniel ‘94

Using moss model systems to clarify pat-

terns of biodiversity

By Sesha Nandyal

On February 10th, Swart
McDaniel (OC '94), a fourth
generation Obie and current As-
sistant Biology Professor at the
University of Florida,
a riveting description of his re-
search concerning the evolution

presented

of reproductive isolation in moss
species. After gerting his Ph.D.
from Duke University in 2005,
he decided to continue with his
research in the genetics of adapra-
tion and reproductive variation.
He is currently working on the exploration and identification of genes in-
volved in sex-ratio distortion, adaptive life-history variation among popula-
tions, and the consequences involved in crossing divergent populations and
species.

Physcomitrella patens and Ceratodon purpurens, two interesting moss
model systems, have convenient haploid genetics and highly developed
gene targeting tools that simplify McDaniel’s research of generic distor-
tion. Using these strains of moss, sampled from the East Coast, he and his
team of postdoctoral researchers study variation. His presentarion, titled

Genomic and macroevolutionary consequences of dioecy: insights from moss
model systems, highlighted the ability of certain organisms to change sexual
systems within a species over time. These sexual systems, namely dioecy and
monoecy, respectively consist of:
the promise of genetic diversity, and 2) hermaphroditism, which carries the
benefit of reproductive assurance.

By using phylogenetic reconstructions for hermaphroditic mosses and
checking them by identifying sister groups, McDaniel found that 60 per-
cent of switches were from single sex 1o two sexes.

1) two sexes, male and female, offering

This showed a slight
trend toward diversification by sexual dimorphism. McDaniel then pro-
ceeded to grow different strains of moss under ideal conditions for crossing
and finally achieved a cross that supported the pattern. This led him to
conclude that the benefits of sexual dimorphism ourweigh those of her-
maphroditic systems. According to McDaniel’s research, this phenomenon
fuels the evolution of mari ng systems in certain moss species.

For further information on his project, check out his most recent ar-
ticle, An experimental method to facilitate the identification of hybrid sporo-
Dhytes in the moss | *hyscomitrella patens using fluorescent tagged lines. @

References, full interviews, and applications to join our
fall staff (available May 1) can be found at
‘TheSynapseMagazine.com
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ACROSS DOWN
1 Oberlin’s resident developmental 1 Analdehyde funcdonal group, Also,
k\it\fuyjsl like a sneeze when C(_\U}l]t'd with "A” and
5  Opposite of venrral 0"
6 Alliterarive |l|1rusc‘ fi 'Inngh!'“;. 2 A part of the inner car
refers ro a material discussed in this issue 3 What a computer programmer’s firse

8 A hormone ].l.rgg-|_\' involved in

L'l) I'“I'Iil.' :'HI(I ACUTE SCress

9 A unit of sound frequency

12 O in the armnsphu'n:

15 A bioluminescent bacterium

17 Whose free energy?

9 Whar dissipates from your hand

program says (or prints) o the world; a
%"REI‘TIITE
4 In E=mc, c=the speed of _
6 DrDavid I'.;13|CE!111|1‘.\ sell-titled role
in the neuroscience community

Current Oberlin environmental

competition

when you stick it into cold water 10 Ginger’s genus name

20 A type of genetic “tree”

23 An organism which does a “waggle-
g a8

dance”

25 Someone who studies the structure of

living organisms

26 A color which often dt‘|_1'u.‘r.- oxygen

in NASA phorographs

1T A neurological "1}]cm|jng of the
senses’

13 Cl; a compound you might out in
your |.'!0(r]

14 The skies have a “Crab” one

16 Abbreviation for a cerrain non-stick
51 ll-’:.'ll._l.’ .

18 Whar igneous rocks are made from
21 A recepror type invelved in long-term
potentiarion

22 An organic material which is the
focus of Dr. Fuchsman's research

24 A functional group which creates an

<||L'Uh l]l

Thank you, Oberlin faculty & students for
your talents and support. Special thanks to
Jan Cooper, Matthew Harris, and the Student

Finance Committee.
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