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“A masterful overview of the 
New World primates and the adaptations 

of their long-evolving ancestors.”
—Anthony B. Rylands, 

Global Wildlife Conservation

A beautifully illustrated and deeply personal 
chronicle of De Roy’s lifelong connection 

with these spectacular islands

“With engaging prose and captivating stories, 
Kenneth Catania brings his brilliant research 

to life. Never have I learned so much 
from a book that’s so enjoyable to read.”

—Jonathan Losos, author of 
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and dangerous snakes

A vivid, eye-opening view of why 
birds behave the way they do

“Visually stunning and accurate, this 
is an impressive guide. The photography 

is extraordinarily complete.”
—Luke Hunter, author of 
Carnivores of the World
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Rathika Ramasamy is a wildlife photographer specializing in bird photography, based 
in Chennai, Tamil Nadu, India. She regularly conducts wildlife photography work-
shops across India. Her work has been featured in BBC Wildlife and National Geo-
graphic Traveller India, among others. In addition to her photography work, she is 
a founding member of the Wildlife Conservation of India group.

P
opularly known as “Bird Para-
dise,” Keoladeo National Park in 
Bharatpur, Rajasthan, India is a 

mix of wetlands, forests, and grass-
lands that provide habitat for a vari-
ety of migratory and non-migratory 
birds, including Siberian cranes  
(Leucogeranus leucogeranus), great-
er spotted eagles (Clanga clanga), 
and imperial eagles (Aquila heliaca). 
More than 370 bird species have been 
recorded in its 2,873 hectares.

Photographer Rathika Ramasamy 
has been coming to this UNESCO 
World Heritage site since 2003. She 
captured these photos one winter 
morning in 2013. She spent at least 
an hour watching the birds, learning 
the patterns of where they dove into 
the water and where they emerged 
with their quarry. 

In her seventeen-year career, Ra-
masamy said this was the first time 
she captured a scene like the one on 

the previous page: a great cormo-
rant (Phalacrocorax carbo) eating a 
fish so large that it took nearly half 
an hour to swallow. She watched 
through her viewfinder as the fish 
wriggled and slapped the water, put-
ting up a fight as the bird struggled  
to get it down. Cormorants usually  
go after much smaller fish, like the 
one on this page being fought over  
by a great cormorant and an Oriental 
darter (Anhinga melanogaster).  
Cormorants often hunt in groups and 
eat multiple fish at each meal. This 
one hunted alone, and flew away as 
soon as it swallowed its prey.

Great cormorants are found near 
water on every continent except 
South America and Antarctica.  
Oriental darters have a more limited 
range, appearing only in India and 
southeast Asia. They are listed as 
Near Threatened by the ICUN Red 
List due to pollution and hunting.
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 C
omSciCon (comscicon.com), 
short for Communicating Science 
Conference, is a series of non-

profit workshops operated by and for 
graduate students in science, technol-
ogy, engineering, and math. Its mis-
sion is to assist young and early career 
scientists to become future leaders 
in their fields by equipping them to 
communicate more effectively—with 
diverse audiences—about their branch 
of science and their own research.

Researchers in academia rely on 
their journal articles and conference 

presentations to achieve recognition 
(and citations), educators must create 
clear and engaging lessons to shape 
the new crop of scientific thinkers, 
and practitioners in industry often 
have to coordinate their work with 
colleagues from a variety of scien-
tific and business backgrounds. But 
such skills are not typically taught 
to graduate student in the sciences. 
Even those who apply to the Com-
SciCon program, eager to gain this 
experience, rarely have had guidance 
in talking to journalists, and only 

about half have received preparation 
in speaking at scientific conferences 
or writing for technical journals. 

ComSciCon was founded in 2012 by 
graduate students at Harvard Univer-
sity, MIT, and the University of Colora-
do at Boulder, and has since held more 
than fifty conferences throughout the 
United States and Canada. Its work-
shops have been continuing through-
out the COVID-19 pandemic by means 
of online formats, and this year, for the 
first time—starting September 4—it is 
holding a meeting in Europe: ComSci-
Con France. Student-led organizing 
committees design the events around 

an array of active discussions with 
experts on such topics as fairness and 
justice in science communication and 
how to interact with the media. Ex-
periences include a “write-a-thon,” in 
which each attendee creates an origi-
nal piece (written or otherwise) and 
receives feedback from his or her peers 
and from invited experts, with a view 
to pursuing its publication.

ComSciCon meetings are free to ac-
cepted students, and (in non-pandemic 

times) the organization offers travel 
funding and housing to its student at-
tendees. Each year’s schedule includes 
both a Flagship Workshop, which 
draws students from across the U.S. 
and Canada for a multiday meeting, as 
well as events organized by regional 
and discipline-specific chapters.

Starting with ComSciCon’s first 
convocation, Natural History has of-
fered an opportunity for participants 
to publish in these pages. Through 
this partnership, the magazine to date 
has featured eleven stories, includ-
ing Noelle J. Van Ee’s “Speed Dating” 
(July/August 2013), on whether geolo-

gists can predict how fast climate can 
change, Margaret Jones’s “Drawing 
on the Past” (November 2016), on the 
ink produced by ancient cephalopods, 
and Kristin A. Hook’s “How Gametes 
Came to Be” (November 2014), on the 
theory of the development of sexual 
reproduction. Having survived an-
other layer of advice, questioning, and 
editing by the magazine staff, a new 
sample of ComSciCon stories is fea-
tured in this issue.

Zoom image of the 2020 ComSciCon 
Flagship Workshop participants

Budding STEMs
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More than Skin Deep
Many frogs have evolved green coloration as camouflage in 
foliage. Most species owe this color to pigmentary cells in their 
skin. However, hundreds of other green frog species have trans-
lucent skin and get their color from green lymph fluid, bones, 
and muscles. The mechanism behind this inner coloration is not 
well understood, but a study of the polka-dot tree frog (Boana 
punctata) of South America sheds light on how it works. 

Like other translucent green frogs worldwide, the polka-dot 
tree frog’s body contains unusually high levels of the bile pig-
ment biliverdin—a toxin produced when the liver breaks down 
old red blood cells. In most animal species, biliverdin must be 
excreted quickly or it can cause disease. However, the polka-
dot tree frog has 200 times more biliverdin in circulation than 
green-skinned frogs and four times as much as a human with 
liver failure. Biliverdin has a greenish tint, but is not green 
enough on its own to explain the frog’s bright coloring. 

Duke University post-doctoral researcher Carlos Taboada 
and colleagues chemically isolated and analyzed biliverdin-con-
taining molecules from the polka-dot tree frog. They discovered 
that the biliverdin in the frog’s body binds with the immune 
protein serpin, which normally helps the frogs fight viruses. This 
binding produces a blue-green molecule that appears greener 
through the frog’s yellowish skin. The protein binding also 
makes the biliverdin less toxic to the tree frog, enabling its high 
levels in various tissues. 

The protein-and-pigment combination “allows the animals to 
achieve a perfect leaf-like green,” said Taboada. What is more, 
the researchers noted, this complex coloration strategy seems to 
have evolved multiple times separately. It appears in forty-one 
known species of frogs and toads, spread out across eleven dif-
ferent taxonomic families, and in places as far apart as Mada-
gascar and Southeast Asia. 

The researchers are now exploring how some frogs can 
change their color by moving lymph with different protein con-
centrations around their bodies. Proteins the frogs produce may 
also have biomedical applications, such as providing color con-
trast for tissue imaging. (Proceedings of the National Academy 
of Sciences)                 —Adam Hadhazy

Changing  
Their Tune
As with human languages, 
many animals have regional 
dialects in their songs or calls, 
which can change and spread 
over time through a species 
population, for example, 
the white-throated sparrow 
(Zonotrichia albicolis). Bi-
ologist Ken Otter 
of the University 
of Northern Brit-
ish Columbia in 
Prince George, BC 
led a study of this 
small songbird, 
which ranges across 
much of Canada in 
summer and the 
southern United 
States in winter. In 
the late 1990s, when 
Scott Ramsay, a col-
league from Wilfrid 
Laurier University 
in Waterloo, On-
tario visited Otter, 
he noticed white-
throated sparrows 
sang a song that 
he had not heard 
in eastern Canada. 
The western birds ended their 
song with repeated pairs of 
two notes, instead of the three 
notes they used back east.

To understand this re-
gional variation, the scientists 
tapped into birdsong record-
ings submitted by citizen 
scientists and sound archives 
dating back to the 1950s. They 
found that the song ending in 
triplets had been dominant 
across the continent until the 
doublet-ending song emerged 
in northcentral British Co-
lumbia sometime prior to 
2000. Over time, the new song 
spread from western to central 
Canada. In 2004, about half 
of the male sparrows recorded 
in Alberta used two notes in-
stead of three. By 2014, all had 
shifted to two notes. 

From Alberta, the doublet-
ending song spread farther east 
across the prairies to north-
western Ontario, replacing the 
triplet-ending song completely. 
Now, two decades after its 

emergence, the song ending 
in double notes has reached 
western Quebec, some 2,000 
miles from its origin. Wherever 
the new song has spread, it has 
eventually become the only 
song the birds use. 

Birdsong has both genetic 
and learned components. The 
learned aspects can drive rapid 
changes through cultural trans-
mission, explained biologist 
and co-author Stefanie LaZerte. 
However, for a song to spread 
across a whole continent in 
twenty years is still remarkable, 
she said. “We’d never heard of 
anything that fast.” 

Attaching geolocators to 
select sparrows, the research-
ers found that central and 
eastern birds’ winter ranges 
overlapped, which could pro-
vide an opportunity for differ-
ent populations to learn each 
other’s songs. The researchers 
propose that female sparrows’ 
preference for novelty may 
have driven the quick spread 
of the new song. If that is the 
case, another new tune that 
was recently detected west 
of the Rocky Mountains may 
be the next big hit. (Current 
Biology) 

         —Lesley Evans Ogden

Blue-green tissues 
viewed through 
translucent yellow 
skin give some 
frogs their bright 
green color.
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Geolocator chips (inset) helped scientists 
identify overlapping ranges that may have 
helped white-throated sparrows teach 
each other a new song. 
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Taming Wild Cats
The earliest known archaeological remains 
of domestic cats in Central Asia date back 
to the eighteenth or nineteenth centuries. 
However, scientists suspected the transition 
from nomadic lifestyles to farming would 
have led to the domestication of cats centu-
ries before. Cats are typically drawn to the 
rodents that gather in human settlements, 
such as those that formed along the Silk 
Road. Now there is evidence for a domestic 
cat thought to have lived in Kazakhstan 
between 775 and 940 ce—nearly a millen-
nium before domestication in the region 
had previously been shown. 

Postdoctoral researcher Ashleigh Ha-
ruda and colleagues at Martin Luther 
University Halle-Wittenberg in Germany 
led the analysis of a rare, well-preserved 
tomcat skeleton found in the medieval 
city of Dzhankent, Kazakhstan. The sci-
entists used a combination of techniques 
to determine the cat’s life history. They 
extracted ancient DNA from a skull bone 
and sequenced it to determine that the cat 
was closely related to modern domestic 
cats. They analyzed chemical isotopes in 
the animal’s bones for clues about its diet. 

Results indicated that 
the animal ate more 
protein than a typical 
wild cat, suggesting 
that humans were 
feeding it. 

The team used X-
rays and 3D imaging 
to inspect the skeleton 
for evidence of trauma. 
They found evidence 
of multiple healed 
bone fractures that the 
cat would have been 
unlikely to survive 
without human care. 
The animal had also 
lost nearly all of its 
teeth before the end of 
its life—another sign 
that it would have died 
sooner if not for soft 
food provided by human companions. 

The fossil remains provided a unique 
opportunity to analyze the entire skull, 
partial upper body, legs and vertebrae of 
an ancient cat. “It is so rare to find these 
types of animals in the archaeological 

record with this much information in the 
skeleton,” said Haruda. “We rarely have 
evidence that people nursed and cared for 
their animals in the past in the same way 
we do today.” (Scientific Reports)

—Sheena Scruggs
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After the assassination of Julius 
Caesar in 44 bce, ancient Rome 
and Egypt experienced years of 
extreme cold weather, crop fail-
ure, famine, disease, and civil 
war. This chaotic period culmi-
nated in the fall of the Roman 
Republic and Egypt’s Ptolemaic 
Kingdom. Now an international 
interdisciplinary collaboration 
between scientists and classi-
cal historians has pinpointed 
an event that likely drove many 
of these upheavals: a massive 

eruption of the remote Alaskan 
volcano, Okmok. 

Scholars had suspected that 
an eruption, perhaps of Sicily’s 
Mount Etna, might underlie 
the environmental turmoil fol-
lowing Caesar’s death. To learn 
more, Oxford University histori-
ans approached Joseph McCon-
nell, a hydrologist specializing 
in ice-core dating at the Desert 
Institute in Reno. 

McConnell’s team analyzed 
the volcanic ash trapped within 

six ice core samples from Green-
land, which formed in annual 
layers. Collaborating with sci-
entists around the world, they 
cross-referenced these records 
with other indicators of his-
torical climate, such as tree ring 
archives from Scandinavia, Aus-
tria, and California, and mineral 
deposits from a Chinese cave.

Though Etna did erupt 
around the time of Caesar’s 
death, the scientists found that 
this eruption was too small to 
explain the large-scale climate 
disruptions that followed. How-
ever, it did likely cause solar 
halos and other atmospheric ef-
fects that ancient scholars inter-
preted as divine omens. Tephra, 
or volcanic dust, from the ice 
cores indicated that there was a 
much larger eruption early the 
next year, 43 bce. Laboratory 
analysis showed that the dust’s 
composition closely matched 
the distinctive geochemical 
signature of tephra from Ok-

mok—but not tephra from Etna 
or other candidates. 

Multiple natural records, as 
well as historical accounts from 
the Mediterranean and China, 
confirmed the cooling that fol-
lowed Okmok’s eruption. Tree-
ring analysis revealed that 43 
and 42 bce were the second– and 
eighth-coldest years of the past 
2,500. The scientists also found 
that Californian bristlecone 
pines contain frost rings from 
September of 43 bce—unusually 
early for freezing to set in. Dated 
speleothems (mineral depos-
its) from China’s Shihua Cave 
likewise indicate unusually cold 
summers. 

The authors conclude that 
the climatic effects of Okmok’s 
eruption—and the resulting 
crop failures and famine—likely 
exacerbated the political tur-
moil that destabilized ancient 
Rome and Egypt. McConnell 
hopes to use similar methods 
to “go back further in time” and 
connect other eruptions to his-
torical political change, he said. 
(Proceedings of the National 
Academy of Sciences) 
                            —Eric Scigliano

A fossilized cat skeleton from Kazakhstan reveals that the animals 
were domesticated in the area earlier than previously known. 

Fire, Ice, and Rome’s Ruin

An eruption of Alaska’s Mount 
Okmok likely caused climate 
changes that destabilized 
ancient societies.
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Plastic in Plants
Microplastics—tiny plastic particles less 
than five millimeters in diameter—pol-
lute the ocean and make their way into 
terrestrial ecosystems when people dis-
pose of garbage, fertilize crops, and use 
wastewater to irrigate. Scientists previ-
ously believed that microplastic particles 
were too large to be absorbed by living 
plants. However, researchers have found 
that microplastics up to two microm-
eters (µm) in diameter can enter lettuce 
and wheat plants through the roots, 
potentially contaminating the food chain.

A research team led by Lianzhen 
Li and Yongming Luo at the Chinese 
Academy of Sciences grew lettuce 
(Lactuca sativa) and wheat (Triticum 
aestivum) plants in the lab. When the 
plants were a month old, the scientists 
exposed the roots to microplastic 
particles treated with fluorescent dye and 
dissolved in either pure water or treated 
wastewater. After ten days, they used a 
laser scanning microscope to locate the 
fluorescent particles. They found that 
microplastics 0.2 µm and 2.0 µm in diameter 
had passed into the roots of both lettuce and 
wheat, and that the smaller particles were 
transported through the plants’ vascular 
systems into the shoots and leaves. 

When water is absorbed by plants, 
it first soaks into the outer layer of root 
cells, along with any nutrients and other 
molecules it carries. Only extremely small 
particles, such as potassium ions, can 

typically flow deeper into the roots 
to the xylem, the vascular tissue that 
carries water and nutrients to other 
parts of the plant. A cylindrical barrier 
of cells called the endodermis, which 
surrounds the vascular system, filters 
out larger particles. However, previous 
research has shown that there are gaps 
in this barrier in the apical meristems, 
where new root growth occurs. 

Li and colleagues’ findings suggest 
that the 0.2-µm microplastics entered 
the plants through these gaps in the 
apical meristems. Microplastics may 
also enter the xylem through holes in 
the endodermis caused by secondary 
roots growing directly out of the 
vascular tissue. Using scanning electron 
microscopy, Li and colleagues observed 
holes in the endodermis as large as 100 
µm across—more than large enough to 
allow the 2.0 µm microplastics to slip 
into the xylem.

Future experiments should 
investigate whether crop plants take up 
microplastics from the environment the 

same way lab-grown plants do, the authors 
note. More research is also needed into how 
microplastics in crops may affect livestock 
and human health. (Nature Sustainability) 

—Kati Moore
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Evolution of Teeth
Most modern vertebrates are jawed, or gnathostomes. They 
are generally divided into two large groups: cartilaginous 
fishes, such as sharks, and bony fishes and all their evolution-
ary descendants, including reptiles, amphibians, birds, and 
mammals. The two groups share a common ancestor, whose 

likely character-
istics have only 
been inferred by 
scientists, because 
finding and analys-
ing fossil evidence 
of that ancestor 
has proven dif-
ficult. Now, an 
international team 
of researchers has 
used advanced 
imaging technology 
to examine primi-
tive fish fossils, 
revealing a possible 
origin of modern 
vertebrate teeth.

The team used 
high-powered 
X-rays produced 
by the European 
Synchrotron Ra-

diation Facility (ESRF) in France to virtually dissect 400 
million-year-old fossils from a group of armored fish called 
acanthothoracids. The rare fossils were discovered about 
100 years ago in the Czech Republic, but they were too frag-
ile to be removed from the rock that encased them, leaving 
their inner anatomy a mystery. The researchers took images 
in virtual slices, reassembled them using medical imaging 
software, and printed the results in three dimensions. “We 
could then reconstruct the original position of the bones,” 
said lead author Valéria Vaškaninová of Uppsala University 
in Sweden. 

Previously, the only extinct jawed vertebrates known to 
have had teeth were the arthrodires, another group of ar-
mored fishes. However, the positions and growth patterns 
of those teeth were so different from those of modern verte-
brates that it was unclear how arthrodire teeth could have 
evolved into ours. 

Because acanthothoracids were more primitive than 
arthrodires, the researchers did not expect to find teeth in 
the Czech fossils. However, the imaging study revealed well-
preserved dentition in the acanthothoracid specimens. In fact, 
those teeth had more in common with modern gnathostomes 
than arthrodire teeth do. “To our surprise, the teeth perfectly 
matched our expectations of a common ancestral dentition for 
cartilaginous and bony vertebrates,” Vaškaninová explained.

The study raises many questions about the evolution of our 
teeth-bearing ancestors, said Vaškaninová. More exploration 
of the fossil record will be required to answer them, but what 
scientists thought they knew “is likely going to change,” she 
said. (Science)                 —Niki WilsonJa
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Clusters of microplastic particles collect in the 
roots of lettuce plants after slipping through gaps 
in the cell walls. 

Scientists have discovered that 
primitive fish called acanthothoracids 
were some of the earliest jawed 
vertebrates with teeth. 
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 T he morning sun speckled the 
ground here and there as I walked 
down the forest path from my 

cabin in Maine. In the past I had often 
seen tiny flies congregating at some 
muddy spots along the path, but they 
had not stirred my attention. Then, 
this past June 4, perhaps primed by 
my memory of 
seeing them 
there, I did 
stop to look.

It was 9:30 
a.m., and most 
of the path 
was shaded, 
but where a 
shaft of sun-
light reached 
to a seep in 
the ground, 
hundreds of 
flies were lit 
up like sparks. 
They were so 
small that I 
wouldn’t have 
seen them at 
all against the 
dark ground 
without the 
reflected light. 
I watched in 
fascination 
as a group of 
them flew in 
formation several feet in one direc-
tion, while another group flew in the 
opposite direction, slipping through 
without any apparent contacts. They 
repeated this behavior again and 
again, not just side to side but also 
up and down and in opposite swirl-
ing motions, all within about two 
square yards. Somewhat like flocks of 
thousands of starlings, tree swallows, 
or other birds whose coordinated 
“murmurations” astound the eye, the 
whole fly swarm was composed of 

separately synchronized group flights. 
I knew such movements were attrib-
uted to so-called dance flies, some of 
whose species are known for mating 
aggregations known as leks, in which 
males may carry “nuptial gifts” to at-
tract females. I was hooked. 

The first step of any inquiry in 

biology is in the naming. What were 
these flies? I ran back to camp, re-
turned with my insect net, and made 
one swipe through the swarm. In a 
second or two the swarm regrouped 
and looked scarcely different, but 
the subsequent tally of my alcohol-
preserved catch suggested I had re-
moved 431 participants. I felt I had 
netted far fewer. Perhaps many of the 
insects I counted were not indepen-
dently flying members of the swarm 
but prey—perhaps even of their own 

kind—carried as nuptial gifts. With 
possible carriers and prey about one 
millimeter in length each, there was 
no way for me to see who was carry-
ing what, if anything. When I later 
went to check on the swarm, at 1 p.m., 
it was still pleasant out, but now there 
was no more direct sunlight. Either 
the flies had gone or I just couldn’t 
see them.

I set out to identify my catch. For-
tunately, I had at my disposal the fly 
bible, Stephen A. Marshall’s Flies: 

The Natural History and Diversity 
of Diptera. That 616-page, 9 × 11-
inch, 5.5-pound, richly illustrated 
book is as authoritative as it gets. But 
I was unable to determine the taxon-
omy of my millimeter-size charges, 
and likely couldn’t have even under 
a microscope, which I didn’t have 
at hand. Just counting out the tea-
spoonful of alcohol-killed critters 
was challenging. However, my mi-
nuscule flies had danced, so I tem-
porarily assigned them to the dance 

N at u r a l i s t  at  l a r g e  b y  b e r n d  H e i n r i c H

A Fly’s Wedding Party
Dancing, gifts, even balloons

Each member in a swarm of male balloon flies carries a silk package he has fashioned as a nuptial gift. Depending on species, 
the package may contain an offering of food or simply serve as an attractive signal to females.
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flies, which are members of the su-
perfamily of mostly predatory flies, 
the Empidoidea. I then e-mailed for 
help from Marshall himself, who is a 
professor of entomology at the Uni-
versity of Guelph in Ontario, Canada, 
and from another fly expert, Daniel 
J. Bickel, a research fellow at the 
Australia Museum in Sydney.

We agreed that my dance flies 
belonged to the family Empididae, 
whose members some now prefer to 
call “dagger flies” or “balloon flies,” 
splitting off the “dance flies” into 
a separate family, the Hybotidae. 
Together, the two families include 
about 4,000 species worldwide, with 
about 800 in North America north 
of Mexico. That’s only the tally of 
scientifically described species: per-
haps nearly as many more are yet to 
be identified.

We agreed further that, based on 
the swelling that appeared on each 

of their front legs, my dance flies fell 
within the genus Hilaria—for which, 
as my experts informed me, “most 

species are undescribed, and much 
remains to be discovered.” I now 
looked forward to seeing them again 
after my first encounter, but they did 
not turn up in the following weeks, 
despite seemingly favorable weather 
conditions.

 Like the male woodcock’s spring 
sky dance, the drumming of the 
male ruffed grouse, the fantas-

tic dances of the birds of paradise, 
the chorusing of frogs, the battles of 
the mountain goats and those of the 
antlered deer, the dance flies’ syn-
chronized aerial maneuvers demand 
extreme exercise specifically from the 
males. Their dancing in a communal 
ritual provides an arena for females’ 
mate choice. As predators of other 
insects, female dance flies can be 
expected to prefer mates that display 
characteristics whose inheritance 
would benefit the fitness of their pre-
sumptive offspring, namely eager and 
persistent flying—a prerequisite of 
hunting ability.

The flies’ seemingly futile up, down, 
and all around “dance” flights are not 
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Dance flies, genus Hilaria, netted by the 
author: The accompanying debris may include 
pollen or other gifts of food that these males 
were carrying.

Mating balloon flies in the genus Empis:  
This male has secreted a ball of frothy  
material that surrounds a gift of prey.
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futile at all. Hundreds or thousands 
of males gather in such mating leks, 
where females can come and evalu-
ate their health and vigor, and then 
choose an individual to mate with. 
Males can stand out more in such 
competitions, and especially impress 
females, if they carry an offering with 
which to sweeten the deal.

The Hilaria flies in the dance I had 
watched and netted had to my sur-
prise left tiny yellow flakes and other 
debris in my net, making me wonder 
if possibly some of them were carry-
ing nuptial gifts such as pollen, which 
could serve as food. In addition, the 
objects they carried could also reflect 
in the sun, making the males carrying 
them more conspicuous.

 A s predators that feed on other 
insects, males in some dancing 
fly species evolved specifically 

to bring a prey carcass to the dance 
as an additional lure to the females. 
This technique caught on and 
spread, and further along the evolu-
tionary progression females mated 
only with those males that offered 
the edible gift. A next step was for a 
male to wrap his gift in silk, making 
the offering more conspicuous from 
farther away. 

As the females’ interest shifted 

from the male to his gift, some males 
took things a step further. As first 
reported in 1955 by the entomologist 
Edward L. Kessel (1904–1997) for the 
European dance fly species Hilaria 
maura—henceforth appropriately 
called a “balloon fly”—the males’ wrap 
of white silk is made into a white bal-
loon that stands out even more visu-
ally. But it is empty. Packaging has 
allowed the males to use ever-smaller 
prey and an ever-larger signal, and 
finally to eliminate putting any prey 
at all inside their shiny white silk 
package. The larger-appearing but 
lightly loaded attractions also render 
the dancers lighter-winged, and likely 
makes them even better dancers than 
those carrying a heavy but less-con-
spicuous offering.

 The pendulum of selective pres-
sures can also swing the other 
way, and in the American species 

Rhamphomyia longicuada, the long-
tailed dance fly, the sex roles became 
reversed. Apparently, males in this 
species had been so generous in their 
gift-offering that the females evolved 
to rely on nuptial gifts of prey en-
tirely as their main source of protein 
to produce eggs. They no longer are 
able to hunt for themselves. Accord-
ingly, the males and their nuptial 

gifts are in great demand, and so the 
males get to choose which female 
they wish to mate with. Now it’s the 
females that aggregate into swarms, 
and the males come to visit. Predict-
ably, the females have evolved orna-
ments that help them stand out in 
the crowd. These include enlarged 
wings, leg scales, and pink, inflated 
abdominal sacs. 

Dance flies are predaceous, feed-
ing on other insects such as black 
flies and mosquitoes—although it 
was hard for me to imagine “my” tiny 
flies catching anything very large. 
I did find a few larger individuals 
among my alcohol-preserved catch. 
I suspect these belonged to another 
predatory species that was raiding 
the swarm. Where else could it find 
such riches?

For that matter, I wonder if some 
of my flies could also simply be prey-
ing on others of their own kind. After 
they had evolved to enter the dance 
fray in order to mate, could they not 
have evolved to be cannibalistic? 
Any male that followed that path 
could both secure a nuptial gift and 
also eliminate one or more potential 
rivals. It is not a savory thought, but 
who are humans to judge?   

Bernd Heinrich is a biology professor 
emeritus at the University of Vermont. 
He has published numerous books, 
including the recently released White 
Feathers: The Nesting Lives of Tree 
Swallows (Houghton Mifflin Harcourt, 
April 2020).

Female long-tailed dance flies at rest, left, and flying with the abdomen inflated, right: In 
this species, the females gather in a swarm to compete for males, on whom they rely for 
gifts of food. Male choice has apparently selected for the inflated abdomen, in effect a 
signal of fecundity.

D
a

v
e

 F
u

n
k

09-11 NH Nat at Large 920.indd   11 8/4/20   4:30 PM



12 natural history   September 2020

 To really know a disease, you 
should see it from all sides. As a 
physician during the current pan-

demic of COVID-19, I have seen it 
from a few sides, but thankfully not 
all. My permanent working base is a 
university hospital in Oxford, Eng-
land. Knowledge of the disease and 
the accounts of its toll and its ter-
ror in Wuhan and in Lombardy first 
reached me there, in the dreamy tow-
ers and ivory spires of the university 
hospital. I was looking forward to sev-
eral months’ break from my Oxford 
duties, set aside to write a book about 
the glories of food in England. Clearly 
this wasn’t sufficient justification for 
being away from the front lines, so in 
the spring, as the outbreak took hold 
of Britain, I headed off to the High-

lands of northern Scotland to set up a 
pandemic response ward. A stint then 
followed to help out in the English 
market town of Northampton, about 
thirty-five miles northeast of Oxford. 
As the epidemic receded, I returned 
for another tour of duty in Oxford and 
then headed back to the Highlands to 
close down the dedicated ward I had 
set up in the spring.

The horror and misery of this pan-
demic is real. COVID-19 usually hits 
the vulnerable hardest—the elderly 
and frail, those already suffering from 
other ills. That is miserable to contem-
plate, save for the ugly fact that it is 
better than the alternative. I spent my 
months caring chiefly for the elderly 
and frail, and many have died. I regret 
that. I would regret it even more if my 

months had been spent in caring chief-
ly for the young and the healthy, and it 
was they who had been lost. A reassur-
ing fact about a disease mostly affect-
ing the elderly and the frail is that old 
age and frailty is often what we gain 
when we spend enough years success-
fully dodging the other hazards that 
overtake many before their time.

That the disease differentially af-
fects other groups is harder to swallow, 
precisely because it is not, or should 
not be, a fact of life. The pandemic is 
preferentially picking off people whose 
skin isn’t white and those whose so-
cioeconomic position is not so good. 
There will always be variation in skin 
color, and there will always be inequal-
ity, but there is no reason why the for-
mer should determine the latter, nor 
why inequalities should be as gross as 
they are.

Within my Oxford hospital, the 
staff most vulnerable to infection 
have been men (as opposed to wom-
en), cleaners, porters, those whose 
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Our Year of Living Dangerously
Dispatches from a pandemic

A patient infected 
with COVID-19 is 
cared for in a hospital 
quarantine room.
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skin is darker, and those who prac-
tice general internal medicine. One 
small compensation—the risk for each 
of those groups is about the same and 
does not appear to be additive, by 
which I mean that a darker porter is 
at the same risk as a lighter general 
medical intern, while a male cleaner 
is no worse off than a female one.

 M 
y last critically sick COVID-19 
patient at my Oxford hospi-
tal was a student in his early 

twenties. When I first examined him, 
he pulled his face mask down and 
coughed on me. Without deliberate 
malice, but on purpose. How could he 
do such a thing? Other patients have 
done it as well. My theory goes like 
this: When we are feeling ill—and this 
kid was properly ill—we feel exempt 
from many of the niceties of ordinary 

life. Plus, we feel we should demon-
strate to those around us that we’re 
not putting it on, that we’re really feel-
ing dreadful. Many patients make an 
effort to cough in front of their medical 
attendants, which often means cough-
ing on them. (Fortunately, we have 
Personal Protective Equipment.)

Viral swabs from my young student 
tested negative for COVID-19, the re-
sult coming back a few hours after ad-
mission, but that mattered not at all. 
He had the classic features of a life-
threatening case, from the cough and 
the fever and the drop in oxygen levels 
through to the patchy changes on his 
chest X-ray and CT scan—the “ground-
glass opacities” that look exactly as 
described. The tests for the infection 
are unreliable, so the clinical picture 
trumped the laboratory results. It was a 
marker of how flummoxed the medical 

world was that we were continuing to 
send out samples for tests in such situ-
ations. Normally, doctors in the United 
Kingdom avoid extra tests when the re-
sults won’t change what we do. We’re 
trained to avoid the intellectual inel-
egance of it, and the potential harms of 
needless sampling. (Maybe the situa-
tion would change if our personal in-
comes increased with the number of 
tests we sent out.) But in this case we 
sent out a new sample, which again 
came back negative and once more was 
disbelieved.

By that stage the student was nearly 
dead—he was receiving maximal sup-
plemental oxygen, breathing three or 
four times more rapidly than he should 
have been, and needed repeated turn-
ing over onto his front to try and get ox-
ygen to the bits of the lungs it couldn’t 
reach when he lay, unresponsive, on 

A legacy of health care in the United Kingdom: Until it closed in 1999, the Barnes Convalescent Home had provided a century and a quarter 
of service in Cheadle, Greater Manchester, England. During World War II it housed wounded soldiers, while in later years it served geriatric 
and stroke patients. At the same site a fever hospital treated patients with tuberculosis and yellow fever in isolation wards. The historic 
building is now eyed for redevelopment.
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his back. He survived, but barely.
Meanwhile, returning home from 

long days at the hospital, I engaged in 
duties that were far more useful to hu-
manity, and brought my wife cups of tea 
and, later, some supper. As I unsuccess-
fully dodged the coughs and wheezes 
of the county’s sick, she was sitting in 
an upstairs room of our house, tapping 
away at her computer and making vid-
eo calls. From freakishly early hours of 
the morning to well after midnight, she 
tapped and chatted, and I kept the re-
freshments coming.

 W 
hat my wife was up to was 
helping to run Oxford Univer-
sity’s RECOVERY Trial (www.

recoverytrial.net). A marvel of rapidity 
and good science, the Trial went from 
idea to implementation in nine days. 
As I write, it has recruited more than 
12,000 people at around 200 dif-
ferent hospitals in the United King-
dom. By randomizing large numbers 
of people with COVID-19 to different 
treatments, it has brought certainty 
to questions where the existing evi-
dence had left doubt.

It has proved that hydroxycholo-
roquine doesn’t help treat COVID-19, 
and neither does the anti-retroviral 
combination of lopinavir-ritonavir. 

By contrast, it has demonstrated that 
dexamethasone works—the first spe-
cific agent to save lives. The trial has 
shown that dexamethasone prevents 
on average one death for every eight 
people being treated with mechani-
cal ventilators, and one death for ev-
ery twenty-five who are breathing for 
themselves but being given supple-
mental oxygen.

Trialing dexamethasone was con-
troversial. To some extent, trialing 
anything should be controversial. “We 
had some senior doctors writing to us 
saying, ‘You really shouldn’t be do-
ing this,’ and that dampening down 
the immune system in patients try-
ing to fight an infection was probably 
not a wise thing to do.” So said Mar-
tin Landray, a professor widely held 
as responsible for the trial but a man 
whom I view as my wife’s assistant. 
“The reality,” he explained, “was that 
nobody knew whether dexametha-
sone would be helpful or harmful.”

That’s generally the reality when a 
trial is run. Researchers call it “clini-
cal equipoise.” You’d think that meant 
that, before starting a trial, everyone 
agreed a question had an unclear an-
swer and needed to be addressed with 
a randomized, double-blind, con-
trolled trial. Often, it means that ev-

eryone is sure a trial doesn’t need do-
ing, because they are sure they know 
what the trial will show—but that they 
are about equally divided on the ex-
pected outcome.

Get disagreeing groups of doctors 
in a room, and you know two things: 
letting them argue will illuminate 
nothing and persuade no one, and the 
sheer fact they disagree means that 
the evidence to properly decide the 
question must not yet exist. (There 
is an important corollary, with im-
plications outside of medicine, and 
it is this: when people disagree over 
a question, the fierceness with which 
they hold a view is inversely propor-
tional to the quality of evidence justi-
fying their view.)

The case of dexamethasone is a 
good example of the sort of evidence 
that cannot decide a question and the 
sort that can. Dexamethasone is a ste-
roid, and steroids damp down the im-
mune system. Lots of evidence ex-
ists to show this reduces the body’s 
ability to fight off infection. But the 
body’s immune system is a weapon 
whose targeting is imperfect. Made 
to respond to any and all challenges, 
including ones never before encoun-
tered like COVID-19, the immune sys-
tem’s infinite capacities include the 
capability for collateral damage. It 
can attack healthy tissues by mistake, 
or it can overreact to such an extent 
that the harm it inflicts on an invad-
ing organism is outweighed by the 
costs paid by the host.

In those with critical infections, 
the use of steroids like dexametha-
sone has long been controversial. 
The combined evidence from previ-
ous studies of steroids in similar life-
threatening situations added up to 
600 people across six different tri-
als. The RECOVERY Trial random-
ized 6,000 patients, and followed a 
solidly designed protocol. It revealed 
a difference in survival that would 
have been too small to confirm out-
side such a setting. Added to which, 
by good fortune, dexamethasone is 
cheap—cheap enough to be affordable 
in almost every place that can afford 
piped oxygen.

Members of a National Health Service research team in Teesside, northeastern England, 
thank patients for taking part in the RECOVERY Trial, a national clinical trial to identify treat-
ments beneficial in COVID-19 infection.
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 W 
hen tuberculosis finally reced-
ed from the Western world, af-
ter millennia of dominion, the 

more experienced doctors expressed 
a sense of loss. They weren’t failing 
to take the costs of tuberculosis se-
riously, nor would they have wished 
for anything other than its continued 
withdrawal, but they knew that a part 
of their own lives was fading away 
too. They had spent so long absorbed 
in the battle that, with victory, a large 
part of their professional knowledge 
and experience became almost worth-
less, purely historical. A foe they had 
come to know intimately departed 
from their lives. Watching COVID-19 
withdraw, I can feel a little echo of 
what they meant.

Soldiers have written of the ca-
maraderie and satisfactions of war, 
and done so without anyone thinking 
they took its dangers lightly, although 
sometimes one wonders. Consider the 
British Lieutenant-General Sir Adri-

an Carton de Wiart (1880–1963), who 
served in the Boer War and both World 
Wars. As Wikipedia puts it, “He was 
shot in the face, head, stomach, ankle, 
leg, hip, and ear; survived two plane 
crashes; tunneled out of a prisoner-of-
war camp; and tore off his own fingers 
when a doctor refused to amputate 
them.” In his memoirs, Happy Odys-
sey, describing his experiences in the 
First World War, Carton de Wiart fa-
mously wrote, “Frankly, I had enjoyed 
the war.”

As Samuel Johnson said, accord-
ing to his friend and biographer, James 
Boswell, “Depend upon it, that if a man 
talks of his misfortunes, there is some-
thing in them that is not disagree-
able to him; for where there is noth-
ing but pure misery, there never is any 
recourse to the mention of it.” There 
doesn’t need to be pure misery to prove 
that you have taken a situation serious-
ly. Mixed feelings are not shameful.

This past year I have come to know 

COVID-19 well. I have spent week af-
ter week commuting through empty 
roads while most of Britain stayed in 
lockdown. Five colleagues of mine—
nurses and other hospital staff—have 
died of the virus. Yet it was a particu-
larly stunning spring, with the hedge-
rows blossoming lavishly, as though 
they were arranged in readiness for a 
wedding. Beauty is not diminished by 
death, nor the joy of living by the sor-
rows of mortality. We live in the shad-
ow of death, and into that shadow our 
summer days close. We will miss the 
point of them if we labor too sadly un-
der the knowledge of our eventual des-
tination, and fail to look up at the Sun 
on the days we can.

Druin Burch is a physician in Oxford, 
England. His most recent book is The 
Shape of Things to Come: Exploring 
the Future of the Human Body (Head 
of Zeus, 2019).

Respite—a country road in Great Britain
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 A
t the end of May 1918, the Spanish government 
was one of the first to admit that a new disease had 
emerged in their country. The newswire from Reuters 

reported that King Alfonso XIII, the prime minister, and 
other officials were all sick with influenza. This outbreak 
was later referred to as “the first wave” or “spring/summer 
wave” of the 1918–1920 Spanish flu pandemic. As a neutral 
country during World War I, Spain lacked the incentive to 
censor the news the way combatants did. Although it was 
recognized early on that the disease did not originate in 
Spain, the name nevertheless stuck.

The contemporary mass media as well as subsequent 
academic and popular historical accounts emphasized that 
not even royals, world political leaders, or members of the 
economic or cultural elites escaped. King Alfonso XIII of 
Spain was stricken and recovered, but Prince Erik of Swe-
den died at the age of twenty-nine on September 20, 1918, 
during the start of the second wave of the pandemic. The 
famous Norwegian painter Edvard Munch, who was fifty-
five, became severely ill and barely survived. The literature 
published up to the end of the twentieth century perpetu-
ated this “socially neutral” view, claiming that the influ-
enza virus infected and killed all classes equally because 
the disease was so highly transmissible.

Scientific studies published after 2000, however, started 
to question the idea that the pandemic engulfed its victims 
so randomly. For instance, Prince Erik of Sweden, de-
spite having access to high-quality nutrition and the best 
available medical care, was demonstrably vulnerable for 
two reasons. First, his health appears to have been quite 
poor. He suffered from epilepsy and a mild mental dis-
ability, possibly as a result of strong medication taken by 
his mother while pregnant. Such neurological disorders 
are risk factors for severe outcomes from influenza. Sec-
ond, the prince, born on April 20, 1889, was only seven to 
ten months old when Sweden was hit by the Russian flu 
pandemic in the winter of 1889–1890. That pandemic has 
since been attributed to an influenza virus known as H3Nx. 
(Back then, it should be noted, influenza was attributed to 
a bacillus; it was not shown to be caused by a virus until 
the 1930s.) It has been hypothesized that young adults had 

an increased risk of dying from the Spanish flu (a strain of 
H1N1 virus) if they had been infected by the Russian flu in 
utero or as infants. We don’t know, but Prince Erik may 
well have fallen into that category.

It is not necessary, however, to examine each individual’s 
health history to understand why some people and not oth-
ers died of the Spanish flu. Statistical studies since 2000 have 
documented higher mortality rates for the poor, in compari-
son with the more prosperous. Relative affluence and pov-
erty can be measured in various ways—between countries, 
as defined by gross national product and per capita income, 
or by looking at the quality of people’s residential districts, 
degree of homeownership or apartment size, literacy, occu-
pational class, unemployment rates, and similar indices. We 
need more research to disentangle the biological and social 
mechanisms that drove inequalities in mortality. But a per-
son’s overall risk was increased by such socioeconomic fac-
tors as poor nutrition, overcrowding, living conditions (such 
as poor heating) conducive to secondary infection with bac-
terial pneumonia, pre-existing infection with other diseases, 
and low access to health care—or inadequate understanding 
of health information because of low literacy.

For example, in Norway’s capital city of Kristiania (re-
named Oslo in 1924), mortality was 19 percent lower in the 
middle class and 25 percent lower in the upper class com-
pared with the working class; it was up to 45 percent lower 
among those residing in the largest apartments versus the 
smallest, and 50 percent lower in the richest parish versus 
the poorest. A good documentation of the direct impact of 
prior illness comes from a Swiss tuberculosis sanatorium 
in 1919. There, 64 of 103 patients (62.1 percent) and 24 of 
33 employees (72.7 percent) contracted influenza. Among 
the infected tuberculosis patients, 7 died and 57 survived; 
in other words, 12.3 percent of the cases among those with 
a pre-existing disease were fatal. Among the infected em-
ployees, however, none of the cases were fatal.

 I
n times when influenza was a less familiar disease, popu-
lation groups that lived in more isolated areas or seldom 
mixed with the wider society may have been more vul-

nerable than those living in more connected urban areas. 

Profiling a Pandemic
Who were the victims of the Spanish flu?

By Svenn-Erik Mamelund

[Ed itor’s notE : In September 2017, on the centenary of the Spanish flu pandemic, Natural History devoted a special 
issue to epidemics, past and present. At the time, Svenn-Erik Mamelund’s contribution read as history. We are 
reprinting it now because it is relevant to how we are responding to our current pandemic.]
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That is because they had little or no exposure to seasonal 
influenza before 1918. Such exposure would have acted in 
two ways to strengthen such communities. In part, it would 
have culled some of the weaker members of the commu-
nity ahead of time. Beyond that, people who had multiple 

exposure to various flu strains (including H1-like viruses) 
in the past, especially before the Russian flu pandemic 
of 1889–1890, would have acquired increased immunity 
against the 1918 flu. If a large proportion of a community is 
essentially immune to an infection, this also reduces trans-
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Self-portrait with the Spanish Flu by Edvard Munch,  
oil on canvas, 59 × 51.5 inches, 1919
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mission to those with little or no immunity. That protective 
effect is known as “herd immunity.”

For example, in urban areas and nations with good com-
munication networks, fewer than one in a hundred inhabit-
ants died. Mortality was three to eight times higher among 
indigenous people than among white majority populations 
in the United States, Canada, Pacific Islands, Australia, 
New Zealand, and Scandinavia. In extremely isolated ar-
eas in Alaska and Labrador, nine out of ten inhabitants 
died. The global death toll, estimated to have been between 
50 million and 100 million, represented a mortality rate 
of between 2.8 and 5.7 percent of the world population. 
However, during the disastrous second wave of influenza, 
loss of life was so overwhelming in some isolated areas that 
the demand for burial services, grave digging, and coffins 
could not be met. Many of the victims were buried without 
coffins and in mass graves. This was the case in Brevig Mis-
sion, Alaska, where 90 percent of the Iñupiat inhabitants 
died—including all the adults. Only a handful of children 
aged five to fourteen years survived. In the Moravian Inuit 
mission of Okak, Labrador, 80 percent died; afterward the 
settlement was abandoned.

In addition to poor immunity against influenza, a high con-
current disease load from other pathogens (such as tubercu-
losis), crowding, and low genetic variability may also have 
played a role in the extremely high mortality of the isolated 
indigenous groups. And reports from Alaska and Labrador 
indicate that sick individuals, who might otherwise have 
survived, froze or starved to death because there was nobody 
around to stoke the fire, prepare food, and fetch water. 

While mortality could reach 80 to 90 percent among cer-
tain communities of Iñupiat on Seward Peninsula in Alaska 
and Inuits living at Moravian Missions in northern Lab-
rador, similar groups in nearby or distant inland villages 
could be unaffected by the pandemic. Up to 20 percent of 

settlements in Alaska and Labrador had no reports of ill-
ness or death. Why this was so remains a mystery. The nor-
mal seasonal freezing of navigable rivers combined with the 
high morbidity and mortality may have effectively stalled 
all travel and thus the spread of the disease from the coast 
to the inland. Strict quarantine imposed in several inland 
areas of Alaska (but not in Labrador) may also have had an 
effect. So while experiencing the world’s highest recorded 
mortality rate from the pandemic, Alaska and Labrador 
also provided refuges where people escaped the disease.

 M
any Spanish flu survivors of different ages displayed 
a variety of psychiatric symptoms, such as insomnia, 
that made it hard for them to cope with work and 

everyday life for months or even years afterward. Some fell 
into a temporary or long-term coma and were assigned a 
psychiatric diagnosis of encephalitis lethargica. This dis-
ease, often called “sleeping sickness,” was widespread in 
the period 1918–1928 and caused more than 500,000 
deaths globally. How or whether infection by the Span-
ish flu precipitated or shaped this disease remains a mat-
ter of debate. Many patients who initially recovered from 
the sleeping sickness subsequently developed a profound, 
chronic Parkinsonism that prevented them from moving 
on their own. In his 1973 book Awakenings, Oliver Sacks 
described his partial success, decades later, in reviving 
some of the latter patients with the drug L-DOPA.

The emotional stresses during historical influenza epi-
demics are impossible to measure in statistical terms, but 
the suffering of bereavement from the sudden loss of loved 
ones cannot be ignored. The mortality toll of the 1918–1920 
pandemic was not only high but also involved an unusually 
large proportion of victims between twenty and forty years of 
age. One consequence was a markedly high number of young 
widows and widowers and the orphaning of small children.

At Kanakuk Hospital in Dillingham, Alaska, Dr. Linus French surveys Iñupiat children orphaned by the Spanish flu in 1919. 
Although many communities in the region were devastated, some were bypassed by the pandemic.
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A significant rise in suicides was re-
ported from several countries across 
the globe. In the U.S., an increase of 
one unit in excess flu mortality (one 
more death per year per 1,000 popu-
lation) increased the rate of suicide 
by 10 percent. That statistic takes into 
account the possible confounding 
role on the suicide rate of World War 
I casualties (which proved not to be 
significant) and the decline in alcohol 
consumption between 1910 and 1920 
(which acted to lower the incidence of 
suicide). Many suicides can be related 
to mental disturbances resulting from 
the fear of contracting the disease (a 
stricken person could be dead in three 
days) or stress of infection with the flu 
itself. However, the unbearable loss of 
a spouse, children, or close relatives also contributed, as did a 
fall in social integration due to school closures, curtailment of 
public events, and so on.

Economic stress was also high. In that era, very few coun-
tries had public social security schemes or widows’ pen-
sions. Young widows with many children to care for were es-
pecially vulnerable financially. In Sweden the pandemic led 
to a significant rise in poorhouse rates in the 1920s. South 
Africa’s introduction, in 1921, of pensions for the white mi-
nority to support widows and their children was likely in re-
sponse to the Spanish influenza.

 T
here was a fertility bust in 1919, followed by a fertility 
boom in 1920, well documented for the U.S. along with 
several European and Asian countries. It has been de-

bated whether the bust was driven by biological factors, in 
the form of fetal deaths, or by social factors. Recent studies 
of that era for Japan and Taiwan (then under Japanese co-
lonial rule) show that a fertility bust there followed the 1918 
pandemic peak with a lag of nine months. That indicates a 
decline in conceptions in 1918 that can largely be attributed 
to social causes, both bereavement and people abstaining 
from sex due to fear of infection or illness. To a lesser de-
gree, the studies also point to a rise in early miscarriages.

The 1920 baby boom was due to a catch-up of postponed 
conceptions in addition to re-marriages and replacement 
of dead children. That baby boom has received less atten-
tion than the one that followed World War II, and was for a 
long time thought to be similar, a simple resumption of the 
marriages and births that the war had prevented. Yet the 
1920 baby boom occurred with similar intensity in neutral 
countries, where the pandemic was the main factor. 

A woman infected with influenza was at higher risk of 
death when pregnant, or of having a miscarriage. She was 
also at a higher risk of giving birth to a child with congenital 
deformations or mental impairment. In the U.S., individu-

als who were in utero during the peak 
months of the pandemic, in the au-
tumn of 1918, generally fared less well 
as adults compared with those who 
were in utero some months before and 
after the height of the pandemic. They 
experienced significantly lower educa-
tion and income, with a greater high 
school dropout rate and more unem-
ployment. They were the recipients of 
more welfare and physical disability 
payments, and were more likely to suf-
fer and die from a variety of diseases.

The Spanish flu was unusual in targeting so many young 
parents and prime members of the working population. 
The poor, isolated indigenous groups, and pregnant women 
were other victims. In international and national pandemic 
preparedness plans, most of these are identified as “at-risk 
groups” that should be first in line for pandemic vaccines. 
But not the poor: although reducing social inequality in 
health is central to all international public health work to-
day, it does not figure in any international or national con-
tingency plans against pandemic influenza. This is striking, 
since mortality from pandemic influenza seems to hit the 
socioeconomically disadvantaged the hardest. This was true 
not only in 1918 but also in 2009, when we had a second, 
though milder, H1N1 pandemic.

Three of the United Nations’ seventeen Sustainable De-
velopment Goals for 2030 are to eradicate poverty, reduce 
social inequality, and ensure good health and well-being for 
all. Part of that effort should be giving priority for scarce pan-
demic vaccines to low-income countries and socioeconomi-
cally disadvantaged groups within all countries. Currently in 
line are categories defined from a biomedical perspective—
high-risk age groups, the previously sick, the pregnant, and 
indigenous groups. In the case of a pandemic, taking account 
of poverty as well will save more lives and reduce the total 
social and financial costs. It will also stem the perpetuation 
of health inequalities and the cycle of poverty.

Designed and carved by Tene Waitere, a 
cenotaph was erected in New Zealand at 
the Te Kōura marae, or meeting place, in 
memory of Maori who died in the 1918 
pandemic.
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Svenn-Erik Mamelund, who holds a doctorate in demography, 
is a research professor in the Center for Welfare and Labor 
Research, Work Research Institute, at Oslo Metropolitan 
Uni versity. He has twenty-five years’ experience studying 
the demography of epidemic diseases, with a particular fo-
cus on the 1918 influenza pandemic. At the Work Research 
Institute, Mamelund has also studied health consequences 
of workplace reorganization and conflicts and tracked the ef-
fects of various policies implemented by Norway’s Ministry 
of Labor.
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 E
ver since a 2012 smoothie made an attempt on my 
life, I’ve thought that kiwifruit might kill me. For 
years I’ve told everyone—including my doctors— 
that I’m allergic. Recently, however, I’ve learned 

that kiwis might have it in for me, but in a different way.
What got me doubting that I had an allergy was a 2019 

tweet from a botanist whom I follow:

You know that stinging sensation when you eat 
an underripe kiwi? That’s a protein-digesting 
enzyme called actinidain. It’s used commercially 
as a meat tenderizer, to break down the proteins 
in muscle tissue. It stings because it is digesting 
your tongue.

I myself had made the suspect smoothie, so I knew the 
only two ingredients were kiwi and raw turnip greens. 
I also very distinctly recall the irritating feeling in my 
mouth: imagine kissing and then swallowing a cactus. 
Five minutes later, I remade the smoothie, minus the 
kiwi. The tingling neither intensified nor waned, but it 
persisted, which was enough evidence for my 2012 brain 
to conclude that I had a kiwi “allergy.”

A quick fact-check (read: Google search) confirmed many 

accounts of kiwi tongue-
tingles, an effect so com-
mon that dozens of studies 
existed to analyze it. After 
a quick literature review, I 
concluded that it was not 
all about me, and that kiwis 
were mainly seeking to pro-
tect their seeds. I now asked 
my better-informed self, had 
the smoothie-bound kiwi 
that made my tongue tingle 
and lips swell been under-
ripe?

As it turns out, kiwi (genus 
Actinidia) makes its tingly 
actinidain in its early 
stages of develop-
ment, which 
accumulates 
up to 10-
fold as 
the fruit 
r ip en s . 

Forbidden Fruit?
A plant chemist has second thoughts.

Developing kiwifruit is that of 
the widespread commercial 
species (Actinidia deliciosa). 
Below right: Are there hidden 
hazards in a healthy smoothie?
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Fruits, such as pineapple, papaya, and mango make similar 
enzymes, all called cysteine proteases. As with other plant 
defensive compounds, cysteine proteases jump into action 
when plant cells are broken open by chewing, (or blending, 
in my case).

In nature, proteases discourage critters from nibbling on 
leaves and on fruits, both unripe and ripe. While presum-
ably most mammals only experience a mild and innocuous 
tingle, proteases can be lethal for larvae and other small 
snackers.

 M
y check of the literature also revealed that kiwi 
plants make microscopic calcium oxalate needles—
raphides—that poke holes in cells. These are mostly 

formed in vegetative (non-reproductive) parts of the plants, 
but the fruit has them too—and, like the protease actinidain, 
more so when ripe. Although raphides are not as abundant 
in kiwi as in other fruits, they often coexist with proteases. I 
wanted to find out why.

In 2014, Kotaro Konno, Ta-
kashi A. Inoue, and Masatoshi 
Nakamura at the National Agri-
culture and Food Research Or-
ganization in Tsukuba, Japan, 
set out to measure the relative 
effects of proteases and raph-
ides. They offered silk moth 
larvae their favorite food, castor 
bean leaves. The leaves them-
selves contained neither prote-
ase nor raphides, but the experi-
menters painted them with dif-
ferent combinations of protease 
(bromelain, isolated from pine-
apple, but similar to actinidain), 
needle calcium oxalate crystals 
(raphides) isolated from kiwi, 
and lumpy calcium oxalate crystals. The silk moth larvae 
were then let loose to feast on the leaves.

Twenty-four hours later, the protease-only painted 
leaf had killed 25 percent of larvae that fed on it, while 
the raphide-only leaf had done in 36 percent. The leaf 
with the lumpy crystals, as well as the unpainted control 
leaves, were harmless. And the leaf with both protease 
and lumpy crystals killed the same percent as the one 
with protease alone, reinforcing the view that as far as 
the crystals were concerned, it was their needle shape 
that mattered. But especially noteworthy was that the 
leaf painted with the combination of protease and raph-
ides killed 86 percent of the larvae. According to the in-
vestigators, the dead bodies of the larvae were black and 
soft, symptoms typically seen when larvae are heavily 
dosed with proteases.

Not only did each of these plant-made components slow 
growth and kill larvae, their combination was especially 

lethal. Such an emergent property, wherein the sum of 
something is greater than its individual parts—86 percent 
is more than 25 percent plus 36 percent—is known as syn-
ergism. It seems raphides poke holes in cells and tissues, 
making it easier for proteases to access proteins inside the 
cells and degrade them. The researchers called the prote-
ase-raphide synergism “the needle effect.”

 S
o—was the kiwi solely responsible for the discomfort 
I experienced, as presumed? Maybe not, after all . . . be-
cause (plot twist) turnip greens also have raphides, and in 

massive amounts!
Even if the kiwi was unripe (low protease), the combina-

tion of kiwi protease and turnip green raphides could still 
have caused “the needle effect.” And since my tongue was 
coated in proteases from the first smoothie, raphides from 
greens in the second smoothie did not help.

Equipped with this new knowledge, I tested my “allergy” 
by taking a cheeky bite of a certi-
fied ripe kiwi.

Emergency Room! Just kid-
ding. I was fine, aside from a mild 
swelling in my throat. No prickly 
feeling. So, with a ripe kiwi I may 
have experienced only a mild al-
lergic reaction, or a small panic 
attack, or both. The mild allergic 
reaction, if I had one, was likely 
“latex-fruit syndrome.” People 
who have latex allergies—and I 
do—may also be allergic to one or 
more fruits that have phytochem-
icals similar to those found in the 
rubber tree.

The take-away: That sting 
you might have from eating a 
kiwi is not an allergic reaction 

per se. You probably aren’t heeding the fruit’s warning 
that it is not ready for consumption. If the kiwi feels firm 
upon pressing, give it another day or three to ripen (but 
keep it away from other ripening fruits, such as bananas 
and apples, which may cause kiwis to become overripe).

And if your throat swells, well, take an antihistamine.

W
W

W
.T

O
R

O
N

T
O

G
A

R
D

E
N

S
.C

O
M

©
 2

01
4 

K
O

N
N

O
 E

T
 A

l.
/P

lO
S

 O
N

E
 D

O
i: 

10
.1

37
1/

jO
u

R
N

A
l.

P
O

N
E

.0
09

13
41

Jordan L. Hartman first merged his interests in genetics, hor-
ticulture, and chemistry while earning his MS at North Car-
olina State University for research on watermelons. This 
past summer he began working toward his PhD in Hor-
ticulture and Crop Science at The Ohio State University, 
deepening his understanding of the relationship between 
plant chemistry and genetics within the added context of 
human sensory experience and health implications. More 
specifically, Hartman is looking into the genetic factors and 
metabolites that determine bitterness in wild tomatoes. 
Follow him on Instagram at @bigtomatoenergy and learn 
about the daily lives of his tomatoes.

0.1 mm

Scanning electron micrograph of calcium oxalate crystals puri-
fied from kiwifruit: The minute, needlelike structures, known 
as raphides, help fend off insect larvae.
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Aboriginal paintings of roosting bats at the 
Quinkan rock art site in Cape York, Australia, 
were made sometime in the past few thousand 
years. They may depict little red flying foxes 
(Pteropus scapulatus), also known as reddish fruit 
bats, native to northern and eastern Australia.
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 W
hen I am explaining how a fruit bat does some-
thing, is my audience picturing an actual fruit 
bat, or some generic image of a bat (some 
mouse-y thing with wings and pointy teeth)? 

Does it matter?
Bats are not a monolithic group. They make up a fifth of 

the roughly 6,400 species of mammals on the planet. With 
over 1,400 currently described species, the bats (order Chi-
roptera) is the second most speciose group of mammals, 
second only to rodents (order Rodentia). Winged, noctur-
nal, and warm-blooded, bats have been extraordinarily 
successful at surviving and diversifying. They are found 
almost everywhere you might look (except for the Poles and 
underwater), and in some places, such as certain islands, 
they are the only native terrestrial mammals.

How did this diversity arise? Bats are estimated to have 
emerged around 64 million years ago, around the same 
time many other groups of mammals expanded, thanks 
to the fall of the (non-avian) dinosaurs. They were fully 
flighted and probably capable of basic echolocation by 
around 53 million years ago. Flight and echolocation are 
thought to have served as the key innovations that allowed 
bats to hunt at night, to escape predators, and to minimize 
competition with other animals.

The ability to fly also meant bats could move to new habi-
tats, where they might adapt and evolve differences due to 
isolation. In some cases, as in the evolution of the flying 
foxes (family Pteropodidae), bats lost the ability to echolo-
cate. Those species now rely more on vision and the sense of 
smell to navigate their world.

The ability to take advantage of new and different food 
items is also thought to be key in driving bat diversifica-

tion, particularly among the New World leaf-nosed bats 
(family Phyllostomidae). A change in the shape of the jaw 
and skull enabled some to reach into longer flowers for 
nectars, while in others it provided a stronger bite to get 
through tough fruit rinds. Such adaptations led to some 
of the strange and elaborate bat faces we see today. Even 
variation in the shape of the leaf nose (the fleshy projec-
tion on the noses of some bats that aids in echolocation) 
could make a difference in the ability to direct noises and 
locate prey more precisely.

 I
s it fair to group all different types of bats together? Sci-
entifically, yes. But what kind of impact does that general-
ization have? I am particularly concerned when it comes 

to negative connotations. For example, vampire bats make 
up less than 0.1 percent of all bat species worldwide, and are 
found only in Mexico, Central America, and South Ameri-
ca. While they are genuine pests, particularly for farmers, 
fear of disease from vampire bats leads to indiscriminate 
roost destruction and killing of bats, most of which are not is
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A cluster of little red flying foxes in eastern Australia: Their primary 
source of food is nectar and pollen from the blossoms of Eucalyptus 
and Corymbia trees, which they help pollinate.
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Going to 
Bat for 
Bats

We lose something when 
we talk about animals as 

general groups.

By Alyson F. Brokaw
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cies, also called the naked bulldog bat or greater naked bat, uses echolocation to 
capture insects.

Pygmy fruit-eating bat (Artibeus phaeotis), a leaf-nosed 
species, photographed in Calakmul, Mexico 

A Jamaican fruit-eating bat (Artibeus 
jamaicensis) in Gamboa, Panama, 
specializes in eating figs.

 A
ly

s
o

n
 B

r
o

k
A

w

22-25 NH Brokaw 920.indd   24 8/4/20   3:35 PM



25September 2020  natural history

harmful to humans—and in many cases are beneficial.
Such fear has been aroused in recent months by reports 

that the current coronavirus pandemic originated in bats, as 
well as by accounts of the discoveries of other coronaviruses 
in bats. Bats are known to 
carry coronaviruses, often 
without experiencing sick-
ness symptoms. But there 
are dozens of different coro-
naviruses, and different bat 
species vary in whether they 
carry any. 

Another risk of gen
eralization is confusion 
when it comes to commu-
nicating conservation ef-
forts. What is true of the 
flying fox is not necessarily 
true of the mouse-eared bat 
(and I’m still generalizing—
there are hundreds of spe-
cies in both those groups!). 
Bat species vary widely in 
their habitats, diet, and be-
havior, so we should not ex-
pect a onesizefitsall so-
lution to their conserva-
tion challenges any more 
than we would for challeng-
es faced by humans across 
the globe.

This issue of generalizing 
how we talk about wild-
life is not exclusive to bats. Anyone who studies insects 
is probably raising an eyebrow at me right now for brag-
ging about the diversity of bats. Bat diversity is paltry 
compared with the minimum 1 million estimated insect 
species on the planet. Among the insects, wasps are an 
interesting example of how these generalizations can be-
come confusing, especially in conservation and manage-
ment messages. A “wasp” can refer to any thinwaisted 
insect found in the order Hymenoptera, and there are an 
estimated 30,000 wasp species throughout the world. De-
spite their importance as predators of other insects and 
other arthropods (including pest species), we are taught 
to fear and kill them.

 P 
art of why we fear and loathe animals such as bats and 
wasps is because of our fear of the unknown. We love 
our dogs, even though dogs bite over 4 million people 

in the United States every year. Unlike with bats or wasps, 
most of us have personal and emotional experiences relat-
ed to dogs. Research on animal fear and disgust supports 
this link between our familiarity with an animal and our 

perceptions. Teaching children about other creatures, or 
exposing them to live animals (including snakes and spi-
ders!), has been shown to reduce levels of fear and disgust.

Scientists are trained to dig into the details of a topic, 

while also couching their discoveries in the larger context, 
placing the little puzzle pieces next each other to create a 
final picture. As a bat biologist, it is important to me that 
people see that bats are more than one unitary thing, while 
also recognizing that too much detail can cause people to 
lose interest. Not all generalities are bad. Science commu-
nicators (or just people trying to communicate their sci-
ence) need to reflect on how generalization of an animal 
might change the intended message.

Alyson F. Brokaw has been studying bat ecology and evolu-
tionary biology for the last seven years. She is currently a 
PhD candidate in Ecology and Evolutionary Biology at Tex-
as A&M University, where she is investigating the sensory 
and foraging behavior of Neotropical fruit bats. She also 
helps develop and factcheck bat educational and informa-
tional materials as a Bat Content Specialist with Bat Con-
servation International, a global nonprofit organization. 
She is active on social media (@alyb_batgirl), where one of 
her goals is to combat negative stereotypes of bats and share 
bat love with the world. 

Photographed at night with a 
flash, a Pallas’s long-tongued 
bat (Glossophaga soricina) in 
Costa Rica seeks nourishment 
at a flower. The species, found 
from southern Mexico and 
Central America into much of 
South America, depends on 
flower nectar to fuel its high 
metabolism.
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Cattails grow lushly near Peterborough, 
Ontario, Canada, north of Lake Ontario.
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 W
ith their flowers shaped like corn dogs, cat-
tails are iconic marsh plants. They are great 
at cleaning up the water, sheltering roosting 
marsh wrens and blackbirds, providing leaves 

for muskrats to build huts, and 
serving as a food source for geese, 
grass carp, and the aforementioned 
muskrats. Their contributory roles 
make cattails important members 
of thriving and diverse wetland 
communities. Around the 1950s, 
however, naturalists in midwestern 
North America noticed that cat-
tails were changing their character. 
They aggressively outcompeted 
other plants, forming huge and 
dense stands. What happened?

What happened was that a hy-
brid cattail was on the rise. It is the 
offspring of two different cattail 
species: the native broadleaf cattail 
(Typha latifolia) and narrowleaf 
cattail (Typha angustifolia) which 
likely had arrived in North America 
with European settlers. Like other cattail species, both are 
perennials that propagate vegetatively, spreading through 
rhizomes, but they also reproduce sexually, when wind 
transfers pollen from male flowers, which occupy the top 
of a cattail spike, to female flowers, clustered farther down. 
The male and female flowers on a particular spike mature at 
different times, promoting outcrossing among individuals.

The hybrid cattail is called Typha × glauca (the “×” 
indicates that glauca—the taxon name means “bluish-
green”—is a cross between two taxa in the genus Typha). 
This hybridization is highly asymmetric—in almost all 
cases T. latifolia is the father and T. angustifolia is the 
mother of the first generation of hybrid cattails. Through 

mixing the genetic contributions of both parents, the hy-
brid cattail enjoys hardy traits, such as the ability to grow 
quickly into tall, dense stands—and so aggressively that it 
outcompetes its own parents.

Because the hybrid cattail looks strikingly similar to 
the native broadleaf cattail, its invasion likely long went 
unnoticed. Naturalists identified the hybrid cattail on the 
East Coast of North America by examining its pollen and 
morphology as early as the 1880s. However, we don’t know 
when it became widespread. Only recently have genetic 
tools enabled large-scale surveys of cattail populations in 
midwestern North America.

Where hybrid cattails show up they can displace na-
tive plants. As a result, marshes, wetlands, and lake-
shores become less diverse and support fewer animals. 
Such hybrid hotspots turn up around the Great Lakes 
and the St. Lawrence Seaway. Strangely, however, the 
hybrid cattail is rarely found in other places, even 
though its parental broadleaf and narrowleaf cattails 
grow together in many parts of North America, Europe, 
and Asia.

 A
mong the scientists who have tried to understand why 
hybrid cattails invade only certain areas is Joanna 
Freeland, Professor of Biology at Trent University 

in Peterborough, Ontario, Canada, who cosupervises my 
graduate work. Freeland’s lab, near Lake Ontario, is locat-
ed in a hybrid cattail hotspot. Her research team was the 
first to conduct large-scale genetic surveys of the hybrid—
an important first step to understanding its character and 
behavior. Since then, Freeland and her students, often in 
collaboration with her colleague Professor Marcel Dorken, 
have pursued several leads to get to the bottom of the hy-
brid cattail mystery.

“Naturalists first thought that hybrid cattails were 

Cattail 
Tale

Why does a hybrid overrun 
some North American 

wetlands but not others?

By Verena Sesin
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A young muskrat dines on the roots and inner stems of cattails 
after digging the plants out of the mud.
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sterile, and assumed that they were ‘accidents’ that did 
not go anywhere,” Freeland told me. However, through 
genetic surveys of cattail populations across Ontario, 
Quebec, Maine, New Brunswick, and Nova Scotia, Free-
land’s team discovered around ten years ago that in some 
areas hybrids had produced offspring—a clear sign that 
hybrids are not sterile. In fact, the hybrid cattail’s mating 
is complex: it can interbreed with other hybrids to form 
“advanced-generation hybrids,” or it can mate with either 
of its parental cattail species to form “backcrosses.” After 
determining that infertility cannot explain why the hy-
brid cattail didn’t spread equally everywhere, Freeland 
dug deeper into how the hybrid did establish itself in new 
environments.

Freeland’s group first looked more closely at the seeds 
that hybrids produce after mating with different part-
ners, measuring how many seeds were produced and how 
many seeds were able to germinate. In its investigations, 
published in 2017, the team discovered that hybrids 
receiving pollen from either broadleaf cattails or nar-
rowleaf cattails produced seeds, and most of the seeds 
germinated. However, when hybrids fertilized their par-
ents, only backcrossing with narrowleaf cattails resulted 
in viable seed production, whereas backcrossing with 

broadleaf cattails produced almost no seeds—showing 
that mating asymmetries extend beyond the first gen-
eration. Finally, when hybrids mated with each other, the 
advanced-generation hybrids produced fewer seeds in 
comparison to first-generation hybrids, but those seeds 
were just as viable. 

Because genetics didn’t seem to explain the hybrid cat-
tail’s pattern of invasion, Freeland speculated that it might 
have something to do with the environment. “Hybrids are 
rare in the coastal marshes of At-
lantic Canada, although both parent 
cattails are there,” she noted. She 
wondered if salty water in coastal 
areas affected hybrid establish-
ment. To investigate this possibil-
ity, her team started experiments 
in 2017, comparing the germination 
and growth ability of hybrid cattail 
and broadleaf cattail under differ-
ent saltwater conditions. “We found 
that hybrids were less successful at 
germinating in saltwater, but once 
seedlings were established, they 
grew much faster and larger than 
broadleaf cattail seedlings,” re-
counts Freeland.

Seed germination and establish-
ment are often critical in wetland 
invasions. Low germination suc-
cess in saltwater is a handicap for 
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The broadleaf cattail (Typha latifolia), left, is native to many parts of 
the world, including North America. It can naturally interbreed with 
narrowleaf cattail (Typha angustifolia), center, which likely arrived 
in North America with European colonization. The result is a hybrid 
cattail (Typha × glauca), right, which grows aggressively.
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hybrid cattails. But because 
hybrids are able to grow in 
saltwater, some other envi-
ronmental factors must also 
be limiting their invasion in 
Atlantic Canada—as well as 
in the many freshwater re-
gions where broadleaf and 
narrowleaf cattails grow 
together yet the hybrid re-
mains absent.

Freeland thinks nutrient 
availability may play a role. 
After all, the Great Lakes and 
St. Lawrence Seaway, the 
hotspots of hybrid cattails, 
are regions with lots of agri-
culture, where nutrient-rich 
fertilizers can run off into the 
ditches and wetlands. Then 
again, farmlands are spread 
across Europe and Asia, yet 
no hybrid cattails grow there. Another of Freeland’s theo-
ries is that adaptive genes play a role in the hybrid’s over-
whelming success.

Freeland wants to understand the hybrid cattails’ in-
vasive behavior, not only to find ways to control their 
spread around the Great Lakes, but also to help predict 
where they may become invasive elsewhere in the future. 
“We need to know the factors facilitating their invasion 
to be able to effectively manage them,” she stresses. Sci-
entists could then identify places vulnerable to hybrid 
invasion and educate local land managers and citizens 

on how to recognize Ty-
pha × glauca and halt its 
spread.

This is the final year of 
the United Nations Decade 
on Biodiversity (2011–
2020), an opportunity to 
raise awareness about the 
ongoing threat that inva-
sive species pose to global 
biodiversity. Such environ-
ments as marshes, lake-
shores, and other wetlands 
are continually changing 
as a result of human activi-
ties. There are some forty 
cattail species around the 
world, and many are able to 
hybridize. It could be only a 
matter of time before new 
hybrid cattail invaders are 
on the horizon.

A dense cattail marsh near Kingston, 
Ontario, Canada
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Staff at Voyageurs National Park in Minnesota 
harvest native broadleaf cattail seeds to restore 
wetlands overrun by the hybrid cattails.

Verena Sesin is a PhD candidate in the Environment and Life 
Sciences program at Trent University in Peterborough, On-
tario, Canada, in cosupervision with the Ontario Ministry of 
Natural Resources and Forestry. She has spent four years 
studying invasive plants in Canada for her MSc and PhD 
studies. Her current research interest lies in assessing how 
invasive plant control with glyphosate herbicide can affect 
native and endangered macrophytes. In this role, Sesin has 
grown several plants including hybrid cattails herself. Sesin 
also blogs about her plant research and related work; look 
for her contributions in the IEAM Blog and EcotoxBlog.
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 T
he Industrial Revolution that swept Great Brit-
ain and the United States from about 1760 to 1840 
brought with it a surge of patients suffering from 
weakened bones, stunted growth, and structural 

deformities. Those symptoms define a disease known as 
rickets, which is particularly detrimental during child de-
velopment, when bones are still growing. Early on, milk 
and limewater (which contain calcium) along with other 

nutrients were recommended to combat the disease, but it 
was only around 1920 that scientists began to home in on 
its causes and possible cure.

They found that doses of cod liver oil or sunlight expo-
sure could effectively treat and protect against rickets. The 
presence of a previously unrecognized component of cod 
liver oil was discovered in 1922, and this crucial nutrient 
was named vitamin D. Shortly thereafter, ultraviolet (UV) 
irradiation was shown to enhance the presence of vitamin 
D in certain foods. And beginning in 1925 the evidence 
mounted that vitamin D aided in the uptake of calcium. 
The final piece of the puzzle came in 1977, when it was de-
termined that with exposure to UV light, skin is capable 
of synthesizing vitamin D. This suggests that the outbreak 
of rickets during the Industrial Revolution was due to air 
pollution from factories blocking out the Sun’s UV rays. 

Vitamin D is an important nutrient found in certain 
foods, such as fatty fish, eggs, and mushrooms, and we now 
fortify milk and breakfast cereals with it. The skin can syn-
thesize an adequate daily dose when exposed to direct sun-
light for a quarter of an hour to an hour (variables include 
skin tone, the season, geographical location, and clothing). 
In the 1930s it was discovered that vitamin D has two main 
forms, vitamin D2 and vitamin D3. Vitamin D2 naturally 
occurs from plant sources while D3 comes from animals 
and is synthesized in the skin. Whatever the source, me-
tabolites of vitamin D—molecular products formed as the 

A Vital 
Balance
Vitamin D helps combat 
immunological diseases,  
but it gets an “F” when  

faced with cancer.

By Anya M. Nikolai-Yogerst

Factories in East London darken 
the skies with their smoke.
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body breaks down the vitamin—are carried 
in the blood serum. Over the years, clini-
cal scientists have developed a five-point 
scale to define a healthy serum concentra-
tion of vitamin D.

Deficiency implies dangerously low lev-
els of the nutrient, with which rickets, hypo-
calcemia, and various autoimmune diseases 
are at a high risk of developing, along with in-
creased susceptibility to viruses. Insufficiency, 
standing between deficient and sufficient, indi-
cates patients are still at risk of developing auto-
immune diseases and suffering from increased vi-
rus severity. Sufficiency, the middle point of this 
scale, is considered a normal level, at which a pa-
tient is the healthiest and most protected from dis-
ease development.

Next on the scale is excess vitamin D, often 
found in people who are taking high doses of the 
vitamin in supplements—or in people who work 
outside for a living (such as lifeguards). Excess 
vitamin D is not necessarily a risk, and for short 
periods of time it can help alleviate disease symp-
toms—for example, in people suffering from autoimmune 
disorders. The highest level of vitamin D in the blood, 
however, toxicity, can lead to excess calcium in the blood, 
known as hypercalcemia. This condition can cause nau-

sea, vomiting, weakness, frequent 
urination, and can eventually lead 
to bone pain and kidney stones.

 D
etails of the me-
tabolites of vita-
min D that cir-

culate in the blood 
were worked out  
by the mid-1970s. 
With the discov-

ery of each me-
tabolite, clini-

cal researchers 
have sought to de-

termine its function, 
such as aiding in calci-
um absorption. More 

recently, vitamin D 
metabolites have 

been evaluated 
for other health 

benefits. Among 
these are preven-

tion and treatment of au-
toimmune diseases. One such disease is multiple sclero-
sis (MS). In humans, there is a direct correlation between 
decreased serum vitamin D levels and increased suscep-
tibility to MS. Dozens of studies suggest that the vitamin 
may protect against or slow development of the disease and 
also alleviate its severity. Due to the evidence for reducing 
symptoms, vitamin D is a standard treatment prescribed 
to MS patients in order to elevate their serum vitamin D 
levels. The mechanism by which vitamin D is protective, 
however, is still not well understood.

The effect of the nutrient on numerous viruses has also 
been studied. While there are varying results on whether 
higher serum vitamin D levels can protect against infec-
tion, studies have found that they do reduce the severity 
of symptoms. The more vitamin D in the system, the less 
severe the body’s inflammatory response. This has been 
found true for influenza, hepatitis C, and HIV. A delicate 
balance is required, however: enough of an inflammato-
ry response is needed to clear the viral infection, but too 
much inflammatory response can be detrimental to the 
patients.

Recently, it has been reported that vitamin D serum de-
ficiency and insufficiency correlate with increased severi-
ty and mortality from COVID-19. One of the problems that 
hospitals face in treating COVID-19 patients is control-
ling their immune response. Patients with severe symp-
toms are undergoing a cytokine storm, in which their own L
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Child-size goggles for protection during 
“artificial sunlight treatment”
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immune cells are creating an 
overabundance of inflammato-
ry molecules that build up and 
overwhelm the body. One hy-
pothesis is that the anti-inflam-
matory properties of vitamin D 
help protect against the cyto-
kine storm.

 While vitamin D has been 
touted as effective in 
combating other illness-

es, when it comes to cancer the 
reports are mixed. Most stud-
ies have found that vitamin D 
supplementation has no effect 
in protecting against cancer de-
velopment, while others have 
found a positive protective ef-
fect. Studies of vitamin D sup-
plementation to treat patients 
already suffering from cancer have found either no impact 

or even a detrimental 
effect.

The reason for this 
discrepancy may re-
side in T cells, white 
blood cells that are 
essential parts of the 
immune system. Cer-
tain T cells can be 
highly inflammatory, 
in order to clear an 
infection, but there 
are also T cells and, 
in particular, cer-
tain receptor mole-
cules on T cells, that 
help control and stop 
the inflammatory re-
sponse. My studies, 
along with others, 
have demonstrated 
that vitamin D upreg-
ulates—increases the 
number of—receptor 

molecules on T cells that help turn off an inflammatory 
response.

When these receptor molecules, known as immune 
checkpoint molecules, are engaged on a T cell, they work 
in two ways. Intrinsically, they shut down the cell’s activ-
ity, while extrinsically, their signaling is strong enough 
that neighboring T cells are also suppressed. Through en-
gaging molecules on T cells and other types of immune 
cells, the immune checkpoint molecules are able to bring 

the inflammatory immune re-
sponse to a halt.

An autoimmune disease is an 
inappropriate immune response 
against one’s own tissues. The 
activation of immune check-
point molecules helps stop im-
mune cells from becoming ex-
cessively inflammatory and at-
tacking host tissues. Since vita-
min D promotes increased lev-
els of immune checkpoint mol-
ecules, it can be helpful in the 
context of such inflammatory 
disorders.

In the case of cancer, however, 
we have a different story. Can-
cer is a disease of one’s own cells 
mutating and dividing uncon-
trollably. Since cancerous cells 
otherwise look “normal,” the im-

mune system will not attack them. The tumor will continue 
to grow and spread without immune intervention.

 O
ne current type of cancer treatment, known as immu-
notherapy, employs the immune system to keep cancer 
cells under control. The most successful cancer treat-

ments to date are blockades against immune checkpoint 
molecules. Without those molecules to turn off the immune 
response, the immune system can remain “turned on” to 
attack the tumor. The ability of vitamin D to increase im-
mune checkpoint molecules—and therefore to reduce im-
mune activity—interferes with such a strategy. More to the 
point, cancer immunotherapy specifically involves the use 
of T cells that have been modified to attack tumors. If those 
cells are turned off due to vitamin D signaling, this would 
undermine their ability to fight cancer cells.

Diet unquestionably plays a role in the incidence of can-
cer and other diseases. Unfortunately, there are no guar-
anties that a specific diet or regime of supplementary nu-
trients can preserve good health. But a better understand-
ing of the effects of vitamin D and other nutrients on the 
immune system is important in treating patients, so that 
their diet and supplements can be altered depending on 
which disease they are suffering from.
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Advertisement for a cod liver oil 
preparation manufactured in England 
in the late nineteenth and early 
twentieth century 

Anya M. Nikolai-Yogerst, a PhD candidate in the Depart-
ment of Microbiology and Immunology at Loyola Univer-
sity Chicago, focuses on immune tolerance and immune 
suppression. She has spent the last six years studying hu-
man T cell biology and the effects of vitamin D on how 
the immune system suppresses, attacks, or tolerates mol-
ecules or cells found in the body. Her research on human 
CD4 T cells, a type of immune cell known to protect the 
body from infection, demonstrates that vitamin D is able 
to promote these cells to suppress inflammation.
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Scanning electron micrograph of a human T cell, an immune 
system cell that can regulate the body’s inflammatory re-
sponse to infection 
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 E
very morning I make my coffee and check my Twit-
ter feed for the latest COVID-19 maps and graphs. 
I examine the latest charts to understand where we 
are headed. And as a PhD candidate studying the 

ways in which numerical data can be represented visu-
ally, I also peruse the diagrams and the accompanying 
academic chatter and analyses to see how designers are 
handling the discrepancies and shortcomings in their 
data. When well designed, data visualization can often 
highlight important trends not easily conveyed by words 
and numbers alone. When dealing with a global pandem-
ic, however, it is becoming more critical for designers to 
communicate the complexity and uncertainty inherent in 

the ever-changing data. And consumers of information 
need to understand what designers—possibly teams of 
artists, statisticians, journalists, and others—know about 
the data.

Take the United States map that was posted July 15th 
on the Financial Times website [see illustration below]. 
It visualizes the number of deaths in each state as differ-
ent-size circles. Given that numbers accompanying the 
circles are not rounded (such as 767 for Tennessee and 
22 for Wyoming), I would assume the authors feel con-
fident in the precision of their data. But given the nu-
ances of testing and verifying the infection in individu-
als, I become skeptical when I see exact numbers such 

Visualizing Uncertainty 
What can graphics convey about the 

character of data?

By Derya D. Akbaba

Circles of different size provide a visualization of the state-by-state COVID-19 death count in the U.S. as of July 15, 2020. The sizes  
do not reveal the proportion of deaths to the populations of the different states.
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as these. My initial reaction is to check the data source.
In this case, it turns out to be the COVID Tracking Proj-

ect, a partly volunteer organization that grew out of efforts 
by journalists at The Atlantic and the founder of a medical 
venture firm, Related Sciences. After spending two min-
utes on their website (www.covidtracking.com), I discovered 
the following caveat:

Remember that even death counts 
are uncertain. . . . There are some 
concerns that official death statistics 
may overcount COVID-19 fatalities by 
assuming any patient who tests posi-
tive for the virus [and dies] was killed 
by it. But Marc Lipsitch, a Harvard 
University epidemiologist, told Fact-
Check.org that “the number of such 
cases will be small.” Undercounting is 
a bigger problem, he says. “A greater 
issue is errors in the other direction.” 
If people die from COVID-19 before 
they are tested, their death might not 
be included in the official tally.

So, while it is not inaccurate to show precise numbers, 
which are a reflection of confirmed deaths, the questions 
remain: What are considered deaths by COVID-19? How 
thoroughly are they being tabulated? 

 A
s difficult as it is to collect data on deaths from CO-
VID-19, data on the rate of infection is even more 
elusive. It is logistically impossible and prohibitively 

expensive to test everyone in the United States on a daily 
basis for COVID-19. We might get a more accurate idea 
of how many people are infected if we applied statistical 
analysis to a sample of the population. But sampling intro-
duces a different kind of uncertainty.

For a survey to accurately reflect the United States 
population, it would have to meet certain standards, in-
cluding (but not limited to) overall sample size and and 
proportionate representation of its constituent groups. 
Statisticians also apply mathematical principles of 
probability to assess the reliability of their conclusions. 
In a survey of voter preferences in a close political con-
test, for example, how confident can we be that the data 
match what would be obtained if the entire population 
could be surveyed? Numerically, the degree of discrep-
ancy might be reported as a “margin of error.” One way 
to visualize this is to show an interval of confidence [see 
illustration above].

Not only do we use statistics to describe what we know 
about the data, but we also use it for modeling and making 
predictions for, among other things, weather forecasting, 
election outcomes, and sports events [see illustration on 
opposite page]. In any of these instances, as consumers we 
should be looking to the fine print about how these models 
are generated and visually represented.

A graphic from a website dedicated to statistical prediction conveys President Donald J. Trump’s changing approval ratings. 
Dots represent data from various polls taken from January 2017 to July 2020, while orange and green lines represent weighted 
averages of those polls—with greater weight given to polls that, based on experience and other factors, are considered more 
dependable guides. The bands in lighter colors provide 90 percent confidence intervals—meaning that nine times out of ten, 
any new poll taken at a corresponding time will fall within the ranges of the bands. The ratings end in July with 55.5 percent 
disapproval and 40.6 percent approval. Results for later in the year are projected at right, with increasing uncertainty.

F
iv

e
T

h
ir

T
y

e
ig

h
T.

c
o

m

33-36 NH Akbaba 920.indd   34 8/6/20   12:28 PM



35September 2020  natural history

Jessica Hullman, an assis-
tant professor of Computer 
Science and Engineering at 
Northwestern University, 
and Matthew Kay, an as-
sistant professor of Infor-
mation at the University of 
Michigan, are among the 
researchers who specifically 
study how to visualize uncer-
tainty, from whatever source 
it comes. The two, who direct 
the Midwest Uncertainty 
(MU) Collective, have posted 
an approachable introduc-
tion to their field on the In-
ternet platform medium.com 
(“Uncertainty + Visualiza-
tion, Explained”) [see illus-
trations on next page].

About September 1, 2019, multiple 
meteorological projections of the path of 
Hurricane Dorian, when taken together, 
suggest that the hurricane, traveling from 
its location lower right, will slow over Grand 
Bahama Island (bottom circle) and not cross 
into the U.S. mainland. Such a visualization, 
called an ensemble (or, for its appearance, a 
“spaghetti plot”) may not reassure residents 
along the coast.

Hurricane Dorian, at peak intensity, 
reaches Grand Bahama Island on 

September 1, 2019. The RGB Color 
image was taken by the Advanced 
Very High Resolution Radiometer 
on board the MetOp-A satellite.

N
o

a
a

w
e

a
t

h
e

r
N

e
r

d
s

.o
r

g

33-36 NH Akbaba 920.indd   35 8/6/20   12:28 PM



36 natural history  September 2020

 W
hile scientists may be trained to interpret techni-
cal presentations of data, user-friendly graphics 
are usually essential for public communication. 

A simple chart can evoke emotion, convey a strong mes-
sage, and possibly prompt action. While designers are ex-
ploring and learning more about how data may be visual-
ized, consumers must remain vigilant to visual cues—and 
fine print—about the uncertainty present and become 
skeptical when it is not openly acknowledged.

Derya D. Akbaba is a PhD student at the University of Utah’s 
School of Computing. Her focus is on understanding the 
role that design and technology play in assisting people to 
find the information they seek, with the goal of critically 
examining and redefining these systems. Currently, mind-
ful that COVID-19 has had an unequal impact within the 
United States, Akbaba is working on a grading system for 
state “dashboards,” the collection of visual representations 
issued by each state for their constituents. Her hope is that 
such a system will make designers more aware of the impact 
their data visualizations can have on the public’s compre-
hension of the pandemic.

Uncertainty in predicting the U.S. unemployment rate for a particular month is portrayed in three ways, all suggesting  
the actual value will fall between 3 and 4 percent. The density plot (top), with a rising and falling curve, suggests 
that the value will most likely fall near the center than the extremes. The violin plot (middle) horizontally reflects the 
density plot and uses the symmetry in shape to convey the same thing, while the gradient (bottom) uses shading to 
display the likelihood of different values.

Density plots (drawn here, unfamiliarly, sideways) indicate uncertainty in the unemployment rates that were tabulated 
each November and May, from 2007 through 2018, as well as what were projected rates for 2019 and 2020. At a 
glance, the visualization portrays an overall trend while also emphasizing the limitation of prediction (which, because  
of the pandemic, is now undeniable).
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C
an you imagine sending a spacecraft all the way to 
our Solar System’s largest planet without an optical 
camera? That is what almost happened with NA-
SA’s Juno spacecraft. Juno was ultimately sent with 

a variety of instruments, including an infrared camera, but 
the original design did not include an optical camera for 
simply taking pictures of the planet!

The story of the Juno spacecraft officially began in 2005, 
when it was selected for a NASA New Frontiers Program 
mission. New Frontiers missions are more ambitious, high-
er-cost undertakings designed to travel to and explore bod-
ies in the Solar System. Other New Frontiers projects include 
the mission to Pluto, the OSIRIS-REx mission to the aster-
oid Bennu, and the Dragonfly mission to Saturn’s moon Ti-
tan planned for launch in 2026. Juno’s goal is to precisely 
measure conditions at Jupiter—in particular, to measure its 
gravitational field, magnetic field, and atmospheric condi-
tions in order to learn more about the planet’s  composition 
and formation.

To accomplish these goals, Juno was equipped with seven 
different instruments, including a magnetometer to measure 
Jupiter’s magnetic field, a gravity probe to measure Jupi-
ter’s gravitational field, and several instruments designed to 
closely study Jupiter’s auroras. All of the instruments con-
tribute to the goal of furthering our understanding of Jupi-
ter’s interior. An optical camera was not necessary for the 
interior-focused goals of the Juno mission, and was consid-
ered extra weight. Therefore, the additional expense it would 
require was not deemed necessary.

Enter Candice Hansen, a leading scientist on the Juno 
team, now a senior scientist with the Planetary Science In-
stitute. She and her team set to work developing a small, 
low-cost yet power-
ful camera that could 
take advantage of 

When 
Outreach 
Becomes 
A Priority 
Tracing the history of 

JunoCam

By Stephanie Hamilton

JunoCam, a small, wide-field  
optical imager
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Spacecraft, diameter, 66 ft., 
height, 15 ft., carries seven 
measuring instruments 
(inset)
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Juno’s unique polar orbit, all while staying within very tight 
weight, cost, and power constraints. What the team ultimate-
ly created was JunoCam: a small, wide-field optical imager 
that could fit in the palm of your hand, weighing just 3.696 
kg (8.15 lbs.). It would be fixed to the spacecraft, designed 
to rotate along with it at 2 rpm, but uniquely positioned to 
image parts of Jupiter never before seen—its polar regions. 

JunoCam’s purpose aboard Juno would be unlike any oth-
er instrument on previous missions. Its primary aims were 
education and public outreach. We could probably expect to 
obtain scientific results from its images, but science was not 
its primary objective. The goal of JunoCam was to engage 
the public by providing optical images that citizen scientists 
could download, process, and share, thereby contributing 
and participating in meaningful ways to a NASA mission. Of 
course, this also meant that JunoCam would be essentially 
bolted to the side of the spacecraft, forced to rotate along 
with it (requiring special imaging techniques to ensure the 
images would not be blurred), and allotted only a fraction of 
Juno’s total transmission bandwidth. Yet, to Hansen and her 
team, the trade-off was more than worth it for the opportu-
nity to intimately involve citizen scientists in Juno’s science 
operations. It was presumed that JunoCam would pay for 
itself several times over by inspiring scientists and members 
of the public who would have near-immediate access to its 
images.

Juno launched from Cape Canaveral, Florida on August 
5, 2011 and performed an insertion burn to enter a highly-
elliptical polar orbit around Jupiter on July 4, 2016. We have 
been treated to JunoCam images ever since. Each orbit takes 
about fifty-three days, but Juno’s   closest swing  , or “peri-
jove,” of 2,600 miles above the cloud tops   takes only a cou-
ple of hours before the spacecraft begins its journey back out 
to its farthest distance of 5 million miles. The spacecraft’s or-
bital precession around Jupiter then ensures that each peri-
jove occurs over a new longitudinal line. JunoCam transmits 
about a hundred images during each orbit, but does not have 
the data volume to take a picture on every spin of the space-
craft. Thus, the team must pick and choose when and of what 
they capture images. Here, they solicit input from amateur 
astronomers, who send in their own data of Jupiter taken 
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Jupiter, as viewed by JunoCam 
during one of Juno’s perijoves

Cloud features and 
storms seen at Jupiter’s 
South Pole by the Juno 
spacecraft
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from the ground and vote on their preferred targets for the 
next perijove. This input stage represents yet another way 
JunoCam involves the public intimately in Juno’s science. 
While JunoCam was expected to last only eight perijoves 
because of the intense radiation the spacecraft experiences 
while close to Jupiter, Juno has completed twenty-six peri-
joves as of April 2020 (the most recent perijove) and the 
camera is still going strong.

JunoCam has accomplished what its creators hoped it 
would. Space lovers and scientists alike have been treated 
almost daily to newly processed images taken by JunoCam. 
These images created by citizen scientists have raised more 
questions about Jupiter that we did not even know to ask 
before. Why are there five Earth-sized cyclones at Jupiter’s 
south pole, but eight at its north pole? Are we simply wit-
nessing a transition, or is there something fundamentally 
different happening deep in the atmosphere at each pole? 
How are these storms formed in the first place? Why don’t 
they pop in and out of existence, like storms we see else-
where on Jupiter (except for the Great Red Spot)? What is 
stabilizing them? We do not know the answers yet, but  Ju-
noCam has brought together a community of amateurs and 
experts to figure them out. In fact, due to the camera’s sci-
entific success despite originally being designed solely for 
outreach, JunoCam has since been repurposed as an official 
scientific instrument dedicated to studying Jupiter’s clouds 
and storms.

Hansen and her team had no idea whether their idea 
of a camera for public outreach would work, or that it 
would involve members of the public in the basics of im-
age processing and analysis by NASA scientists for other 
missions. Now, JunoCam’s website, www.missionjuno.
swri.edu/junocam, treats us almost daily to new images 
produced by amateur image processors, highlighting the 
beauty of Jupiter. 

Stephanie Hamilton, PhD, is a planetary scientist and a 
freelance science communicator based in Pasadena, Cali-
fornia. Her doctoral career was discovering and studying 
new objects in the Kuiper Belt region of the Solar System. 
She is one of the coordinators of the Communicating Sci-
ence Conference (ComSciCon).
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CALIFORNIA
Los Angeles
California Science Center
Although the science cen-
ter remains closed, science 
never stops. Explore Science 
Center exhibits from behind 
the scenes, take in an amaz-
ing view, or learn some-
thing new from a scientist 
or astronaut. Visit https://
californiasciencecenter.org/
science-beyond-the-center.
Exposition Park

700 Exposition Boulevard

323-SCIENCE (323-724-3623)

www.californiasciencecenter.org

Natural History Museum  
of Los Angeles County

Connect with inspiring 
educators, scientists, and 
each other for virtual  
adventures.
nhmlac.org/connects
Exposition Park

900 Exposition Boulevard

213-763-DINO

www.nhm.org

COLORADO
Denver
Denver Museum of  
Nature and Science  
The museum has reopened 
and is following all public 
health orders regarding 
COVID-19, from physical 
distancing to increased  
disinfecting.  
2001 Colorado Boulevard

303-370-6000

www.dmns.org

CONNECTICUT
New Haven
Peabody Museum of  
Natural History  
The museum is closed tem-
porarily for renovations.
Yale University

170 Whitney Avenue

203-432-5050

www.peabody.yale.edu  

DELAWARE
Wilmington
Delaware Museum of  
Natural History  
The museum is open to the 
public Wednesday–Sunday, 
closed on Monday and 

Tuesday, and between ses-
sions for cleaning. Tickets 
can be reserved in advance 
for one hour timeslots. 
Walk-ins are permitted if 
space allows. Masks are re-
quired for all indoor areas 
as per guidance by the State 
of Delaware.
4840 Kennett Pike

302-658-9111

www.delmnh.org

FLORIDA
Gainesville
Florida Museum of  
Natural History  
The museum is open and 
has implemented new pro-
tocols and enhanced sanita-
tion procedures to ensure a 

Around the Country 

E X P L O R I N G  S C I E N C E  A N D  N AT U R E

Those of us with access to water can rely on the simplicity 
of turning a knob or pushing a button for a clean, cool, 
and constant supply whenever we desire. But how does 
our most valuable resource travel from tunnel to tap? 
What is its journey? State of Water: Our Most Valuable 
Resource, now at the Houston Museum of Natural Sci-
ence, showcases the designs and architecture behind the 
water systems we use every day. The exhibition features 
thirty-one photographs by Brad Temkin from his book, 
The State of Water, published by Radius Books. Temkin, 
a native Chicagoan, has a passion for capturing over-
looked and unknown places. His work is an important 
tool for conservationists. Encounter striking images, such 
as “West Bull Nose,” which depicts the exit of the Deep 
Tunnel in Chicago. The photo invites viewers to stare 
down a portion of the 109 miles of tunnel. The enormity 
of the infrastructure is not lost, leaving viewers to witness 
the massive system that prevents flooding in the streets. 
Access to this exhibit is included with admission to the 
permanent exhibit halls.

On Tap

The image of “West Bull Nose,” an exit from Chicago’s Deep Tunnel, is 
part of the exhibition now at the Houston Museum of Natural Science.
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Houston Museum of Natural Science

5555 Hermann Park Drive, Houston, Texas

713-639-4629     •     www.hmns.org

40-41 NH Explore 920.indd   40 8/4/20   4:09 PM



41September 2020  natural history

safe experience for visitors, 
including COVID-19 testing 
of all museum employees. 
University of Florida, 

Cultural Plaza

3215 Hull Road

352-846-2000

www.flmnh.ufl.edu

GEORGIA 
Atlanta 
Fernbank Museum of  
Natural History  
Now open. Travel around 
the world and back in time 
as you discover live animals, 
amazing places, ancient 
fossils, prehistoric cultures, 
and new science discover-
ies—all at the Fernbank.
767 Clifton Road NE 

404-929-6300 

www.fernbankmuseum.org  

HAWAII
Honolulu
Bishop Museum
Now open with new safety 
measures and limited daily 
capacity of visitors.
1525 Bernice Street

808-847-3511

www.bishopmuseum.org

IDAHO
Idaho Falls
Museum of Idaho
The museum is open but 
has shortened its operating 
hours during the pande-
mic, including closing on  
Sundays.
200 North Eastern Avenue

208-522-1400

www.museumofidaho.org

ILLINOIS
Chicago
The Field Museum
The museum has imple-
mented new safety measures 
so that visitors can focus on 
saying hi to Sue the T. rex, 
checking in on the hanging 
gardens, or finding a quiet 

spot among the many exhi-
bition halls. The number of 
visitors each day is limited 
to 25% of the building’s 
capacity.
1400 South Lake Shore Drive 

312-922-9410 

www.fieldmuseum.org

MASSACHUSETTS
Cambridge
Harvard Museum of  
Natural History  
Temporarily closed.  
26 Oxford Street

617-495-3045

www.hmnh.harvard.edu

MISSOURI
Saint Louis
Saint Louis Science Center 
Now open. 
5050 Oakland Avenue

800-456-SLSC

www.slsc.org

NEW MEXICO
Albuquerque
New Mexico Museum  
of Natural History  
and Science 
Closed until further notice. 
1801 Mountain Road NW

505-841-2800

www.nmnaturalhistory.org  

NEW YORK 
New York
American Museum of  
Natural History
Temporarily closed.  
Find museum exhibits and 
online resources for science 
enthusiasts of all ages. 
amnh.org/explore
Central Park West at 79th Street

212-769-5100

www.amnh.org

Tupper Lake
The Wild Center,  
Natural History Museum 
of the Adirondacks 
During the first phase of 
reopening, The Wild Cen-

ter’s indoor portion includ-
ing exhibits, the Flammer 
Theater, Wild Supply Co. 
indoor gift shop, and the 
Waterside Cafe (restrooms 
excepted) will remain tem-
porarily closed.
45 Museum Drive

518-359-7800

www.wildcenter.org

NORTH CAROLINA
Durham
Museum of Life and Science
The museum is now open. 
Significant changes have 
been made to better ensure 
the health and safety of visi-
tors, including a new online 
ticketing and reservations 
system for entering. 
433 West Murray Avenue

919-220-5429

www.ncmls.org

Raleigh
North Carolina Museum 
of Natural Sciences 
The museum provides fun 
science experiments you can 
conduct using commonly 
found items.
naturalsciences.org/ 
calendar/science-at-home
11 West Jones Street

919-707-9800

www.naturalsciences.org

OREGON
Eugene
Museum of Natural and 
Cultural History
The museum is now open 
with new, limited hours: 
Wednesday through Sunday 
11:00 a.m. to 12:00 noon for 
seniors and COVID-vulner-
able visitors; 12:00 noon to 
3:00 p.m. for everyone else.
1680 East 15th Avenue

541-346-3024

www.mnch.uoregon.edu

PENNSYLvANIA
Philadelphia

The Academy of Natural 
Sciences of Drexel  
University
Now open with reduced 
hours and limited capac- 
ity regular hours: Members 
only: 10 a.m.–11 a.m. Fri-
days, Saturdays, and  
Sundays; General public:  
11 a.m.–5 p.m. Fridays, Sat-
urdays, and Sundays.
1900 Benjamin Franklin Parkway

215-299-1000

www.ansp.org

UTAH
Salt Lake City
Natural History Museum 
of Utah 
Temporarily closed.   
301 Wakara Way

801-581-6927 

nhmu.utah.edu

WASHINGTON
Seattle
Pacific Science Center 

Ignite your curiosity at 
home with streaming live 
science shows, hands-on 
STEM activities, tutorials, 
interviews, and more.
pacsci.org/events-programs/
curiosity-at-home
200 Second Avenue North

206-443-2001

www.pacsci.org

WISCONSIN
Milwaukee
Milwaukee Public Museum 
The museum brings the in-
spiring world of nature and 
culture to your home.
www.mpm.edu
800 West Wells Street

414-278-2702

www.mpm.edu

Members of institutions marked 
with this symbol  may re-
ceive free admission at nearly 

350 other museums and science 
centers around the world. See 
www.astc.org/passport for 

more information.
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 A round thirty years ago, while I 
was teaching a class in wetland 
plant identification near the 

center of Iowa, I learned that about 
a hundred miles to the north I could 
find an unusual plant community 
known as a floating mat—a layer of 
vegetation on the surface of a lake. 
One day, after my teaching duties 
were over, I decided to go have a 
look. I drove to Iowa’s Pilot Knob 
Preserve, a few miles east of Forest 
City. Dedicated in 1968, the state 
nature preserve takes up a little more 
than half of 700-acre Pilot Knob 
State Park. My most recent visit 
there was in 2017.

The land lies on what was the east-
ern edge of the Des Moines Lobe of 
the Wisconsinan glaciation, which 

reached 
its maxi-
mum about 
20,000 
years ago. 
As the 
glacier 
melted and began to recede, it left 
behind moraines—accumulations of 
soil and stone that had been pushed 
down from the north. Pilot Knob, a 
residue of that time, rises above the 
surrounding flat land and low rolling 
hills. It is the site of a stone lookout 
tower constructed in 1934 by the 
Civilian Conservation Corps, a New 
Deal work relief program

 
.

When European settlers arrived, in 
the 1850s, they cut down most of the 
forests they found for construction of 

homes, and they drained much of the 
land for agricultural endeavors. Be-
fore then, the land had been occupied 
by indigenous peoples, particularly 
the Winnebago, a name now carried 
by the Winnebago River, which passes 
through Forest City, and Winnebago 
County, within which the town partly 
lies. Forest City is also the headquar-
ters of Winnebago Industries, manu-
facturers of the famous campers. 

I found that the floating mat I had 
come to see is at the western end of 

T h i s  L a n d  B Y  R O B E R T  H .  M O H L E N B R O C K

Iowa’s Floating Mat
A boggy foundation supports  
a diverse colony of plants.

Dead Man’s Lake
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Dead Man’s Lake, in the western part 
of Pilot Knob Preserve.

There are several legends why it is 
called Dead Man’s Lake. One tells of a 
pioneer who, traveling in winter with 
his wagon and oxen, tried to cross the 
frozen lake. The ice gave away and all 
sank. According to another account, 
the body of a stranger was found on 
the lake shore. Years later an old shot-
gun was found at the same place, en-
tangled by a growing tree root.

And still another story tells of an old 
Winnebago tribesman who lived at the 
lake by himself. It seems he was ambi-
tious in his youth, seeking to be made 
a head shaman, but was defeated or 
betrayed. Either as an outcast, or be-
cause he had become soured on life in 
the tribe, he took shelter in a crude log 
hut that was already standing beside 
the lake when his 
people first arrived. 
Nearby was a natural 
cave that he report-
edly visited each day, 
for what reason no 
outsider knew. Nor 
did any European 
venture into it.

When the old 
Indian died years 
later, his tribesmen 
buried him in the 
cave and sealed its 
entrance, obliterat-
ing any evidence 
of the opening. No 
one has since dis-
covered evidence of 
any such cave, and 
now, of course the 
lake and adjoining grounds are on 
protected land.

 The first biologists to recognize 
the nature of the floating mat 
were Martin L. Grant and Robert 

F. Thorne, who described it 1955. A 
floating mat is a boggy wetland where 
vegetation is built upon layers of 
spongy sphagnum, or peat moss. In 
many cases the underlying peat and 
other plants rise to the surface and the 

mat is colonized by other plants. This 
particular floating mat is about three 
acres in size and about two feet thick. 
Apparently, it once extended over 
more of the nearly eight-acre lake, but 
a section to the east was cleared in the 
late 1920s.

The peat and other plants in the 
Dead Man’s Lake mat are held together 
by the root systems of the plants. Many 
of the plants are fragile and would get 
damaged if stepped on. In any case, 
the unsteady nature of the floating mat 
makes it too hazardous to walk on, 
though at first it may look solid.

In addition to the floating mat, 
Pilot Knob Preserve also has forested 
morainic hills with wetlands in the 
depressions between the ridges. Open 
water with aquatic plants is found not 
only in Dead Man’s Lake but also in 

nearby Pilot Knob 
Lake, which was 
artificially created 
by impoundment of 
water beginning in 
the late 1930s.

 In 1989, botanist 
William C. Watson 
of the University 

of Northern Iowa 
made a study of the 
floating mat and 
cataloged the plants 
that grew on it. 
Some of the spe-
cies are apparently 
northern relicts that 
were pushed south-
ward by the glacier 
and then left behind 

when the ice mass receded.
Watson reported fourteen sedges 

and five grasses as major components 
of the floating mat. I found all but one 
of them during my short time there. 

Of particular interest is the pres-
ence of woody plants, including at 
least five species of stunted willows, 
the white-flowered spiraea known 
as meadowsweet, and buttonbush. 
Among the non-woody plants are 
typical wetland species, such as the 

carnivorous roundleaf sundew (rare in 
Iowa), the daisy-like northern bog as-
ter, and hemlock parsley (a harmless 
species whose flowers resemble those 
of the legendary poisonous plant).

The most extensive habitat in the 
Pilot Knob Preserve is the dry upland 
forest community, found on all except 
the north-facing morainal slopes. The 
predominant trees are oaks, along 
with quaking aspen and wild black 
cherry. Shrubs include Missouri 
gooseberry, wild red raspberry, and 
Allegheny blackberry. The list of  
wildflowers is extensive, most bloom-
ing from early to late summer, includ-
ing four members of the carrot  
family: cow parsnip, clustered black- 
snakeroot, and yellow pimpernel. I 
was surprised to record the longbract 
frog orchid.

In some of the ravines between the 
morainal ridges are mesic (moist) 
forest communities. Northern red 
oak and Hill’s oak are present, but 
the dominant tree appears to be the 
American basswood. Spring wildflow-
ers include ginseng, wild ginger, wild 

VISITOR INFORMATION:
Pilot Knob Nature Preserve
Pilot Knob State Park
2148 340th Street
Forest City, IA 50436
1-641-581-4835
pilot_knob@dnr.iowa.gov
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a carnivorous plant
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sarsaparilla, anise root, wild leek, 
and wild strawberry. 

The open water of Dead Man’s 
Lake and Pilot Knob Lake and several 
other ponds is home to a number of 
aquatic vascular plants such as yellow 
pond lily, white water lily, duckweeds. 
Marshes along the edge of lakes and 
ponds where there is no peat ac-
cumulation host numerous wetland 
species, most typical of the upper 
Midwest. Among the many I observed 
were marsh fern, several species of 
sedges, water parsnip, swamp milk-
weed, and great blue lobelia.

A highly disturbed area between 
Pilot Knob Lake and the park camp-
ground has gradually converted into 
a meadow. The area had been a corn-

field or cultivated for other purposes 
until about 1961. Some of the most 
attractive wildflowers in the preserve 
are found here, such as New England 

aster, sawtooth sunflower, Jeru-
salem artichoke, Rocky Mountain 
blazing star, black-eyed Susan, and 
closed bottle gentian.

Some early twentieth-century 
sources mention patches of prairie 
on the upper slopes of Pilot Knob, 
but they apparently disappeared 
when, in the absence of fires, 
woody species invaded. When 
I visited Pilot Knob Preserve, I 
found the occasional prairie grass 
or wildflower, but nothing I would 
consider a prairie patch.

Robert H. Mohlenbrock is a distin-
guished professor emeritus of plant 
biology at Southern Illinois University 
Carbondale.

Floating Mat. Sedges included 
three-way sedge, one species 
of flatsedge, three kinds of 
spikerushes, two bulrushes, 
the white-headed slender cot-
ton grass, and six species of 
Carex: longhair, lake, woolly 
fruit, mud, creeping, and nar-
row-leaved star. Grasses are 
tickle grass, northern manna 
grass, American manna grass, 
spiked muhly, and Mexican 
muhly. Woody plants are 
meadowsweet, buttonbush, 
and five species of stunted 
willows—Bebb’s, pussy, 
black, bog, and meadow. 
Among the non-woody plants 
are roundleaf sundew, Fra-
ser’s purple St. John’s-wort, 
small-flowered skullcap, 
marsh bellflower, common 
willow herb, swamp candles, 
marsh cinquefoil, three-petal 
bedstraw, northern bog aster, 
hemlock parsley, the great 
water dock, and marsh fern.
Dry Upland Forest. Pre-
dominant oaks are white, bur, 
northern red, and Hill’s. Other 
common trees are quaking 
aspen and wild black cherry, 
followed by black walnut, 
roundleaf dogwood, Iowa 
crab apple, choke cherry, 

pin cherry, big-tooth aspen, 
prickly ash, and common 
hackberry. In the shrub zone 
are Missouri gooseberry, 
wild red raspberry, Allegheny 
blackberry, hazelnut, and 
downy arrowwood. 
Spring-blooming wildflowers 
are plantain-leaved pussytoes, 
mayapple, false Solomon’s-
seal, Michigan lily, and long-
bract frog orchid. Early to late 
summer brings cow parsnip, 
clustered blacksnakeroot, 
yellow pimpernel, purple Joe-
pye-weed, goldenglow, pale 
jewelweed, fragrant bedstraw, 
American bellflower, hairy 
agrimony, Culver’s-root, and 
white vervain. Flowering in 
the autumn are smooth aster, 
heartleaf aster, white snake-
root, and thin-leaf sunflower.
Mesic Forest. American bass-
wood dominates along with 
Northern red oak and Hill’s 
oak. Also common are hop 
hornbeam, bitternut hickory, 
black walnut, and black ash. 
Smaller trees are low ser-
viceberry, nannyberry, nine-
bark, downy arrowwood, and 
gray dogwood.
The many spring wildflowers 
include Dutchman’s-breeches, 
bloodroot, spotted wild gera-
nium, woodland phlox, Virginia 
waterleaf, red bunchberry, 

ginseng, littleleaf buttercup, 
wild ginger, wild sarsaparilla, 
golden Alexanders, sweet 
cicely, anise root, false 
Solomon’s-seal, snow trillium, 
showy orchid, yellow lady’s 
slipper orchid, marsh betony 
(often called swamp louse-
wort), large-flowered bellwort, 
hepatica, white dog’s-tooth 
violet, wild leek, honewort, red 
columbine, rue anemone, wild 
strawberry, downy yellow vio-
let, and woolly blue violet.
Lake and Marsh. The open 
water supports southern water 
nymph, largeleaf pondweed, 
floating pondweed, small 
pondweed, flatstem pond-
weed, coontail, water shield, 
yellow pond lily, white water 
lily, shortawn foxtail grass, and 
several duckweeds. 
Marsh species include sensi-
tive fern, marsh fern, common 
water plantain, broadleaf ar-
rowhead, sweet flag, sedges 
(including river bulrush, soft 
stem bulrush, and wool grass), 
Shreve’s blue iris, water hem-
lock, bulblet water hemlock, 
water parsnip, swamp mil-
keed, sawtooth wormwood, 
rush aster, bottomland aster, 
false aster, at least three spe-
cies of beggar-ticks, perfoliate 
boneset, prairie ironweed, 
Pennsylvania bitter cress, 

bog yellow cress, great blue 
lobelia, American bugleweed, 
northern bugleweed, Alleghe-
ny monkeyflower, marsh skull-
cap, common willow herb, 
ditch stonecrop, and several 
smartweeds.
Meadow. Flowering in the 
spring are longbract spider-
wort, falsegold groundsel, 
hoary puccoon, hedge bind-
weed, white false indigo, Can-
ada anemone, wild bergamot, 
and prairie violet. Appearing 
during summer and fall are 
spreading dogbane, whorled 
milkweed, New England aster, 
heath aster, sawtooth sun-
flower, Jerusalem artichoke, 
Rocky Mountain blazing star, 
prairie blazing star, round-
headed bush clover, pinnate 
prairie coneflower, black-eyed 
Susan, Canada goldenrod, 
Riddell’s goldenrod, closed 
bottle gentian, and perfoliate 
horse gentian.
Prairie. Grasses present are 
big bluestem, little bluestem, 
Indiangrass, switchgrass, 
and prairie dropseed. Silky 
aster, downy gentian, white 
prairie clover, purple prairie 
clover, prairie dock, and 
pasque-flower are all prairie 
wildflowers.

Habitats

Rocky Mountain blazing star
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SEPTEMBER NIGHTS OUT

1 Shining at magnitude –4.2, 
Venus dominates the night sky 
all month. In its role as the Morn-
ing Star, the planet rises about 
three and a half hours ahead 
of the Sun and by the middle 
of morning twilight sits about a 
third of the way up in the eastern 
sky. Zero-magnitude Mercury, 
instead, appears after sundown. 
Use binoculars to look for it in 
the West. This month, viewers 
to the south, especially in the 
Southern Hemisphere, have the 
advantage: from latitude 40° N, 
Mercury sets only three-quarters 
of an hour after sunset.

Yellow-orange Mars, ap-
proaching opposition on October 
13 (when it will be on the oppo-
site side of Earth from the Sun), 
rises in the eastern sky a little 
over two hours after sunset. The 
distance from Mars to Earth de-
creases during September, from 
45.6 to 38.8 million miles, bright-

ening the red planet dramatically 
from magnitude –1.8 to –2.5.

2 The Moon waxes to Full at 
1:22 a.m. eastern daylight time 
(EDT). Most years, September’s 
Full Moon is the closest one to 
the equinox, and in the Northern 
Hemisphere is heralded as the 
“Harvest Moon.” But this year 
that honor goes to the Full Moon 
of October 1.

5 Mars is easy to spot in the early 
evening, sitting above the Moon.

10 The Moon wanes to Last 
Quarter at 5:26 a.m. EDT.

13 This morning, Venus glides 
about 2.5 degrees south of 
M44, the Beehive Star Cluster in 
Cancer.

14 In the eastern sky, early in 
the morning, the slender wan-
ing Moon sits 4.5 degrees east 
(to the left, for viewers in the 
Northern Hemisphere) of brilliant 
Venus. 

17 The Moon is New at 7:00 a.m. 
EDT.

22 At 3:50 p.m. EDT, the Sun 
crosses the celestial equator 
(Earth’s equator projected onto 
the heavens), heading south. 
This equinox marks the begin-
ning of autumn in the Northern 
Hemisphere and spring in the 
Southern.

Later this evening, Mercury 
passes 0.7 degrees above and 
to the west of 1st-magnitude 
Spica, the brightest star in Virgo. 
Mercury is more than twice as 
bright as Spica, but the viewers 
in the North will have difficulty 
seeing the conjunction because 
the speedy planet is immersed in 
bright twilight.

23 The Moon waxes to First 
Quarter at 9:55 p.m. EDT.

24 Glaring at magnitude –2.4, 
Jupiter is high in the sky as eve-
ning twilight fades, about 4.5 
degrees above and to the west of 
the Moon.

25 After dusk, Saturn glows 
about 3.5 degrees north of the 
waxing gibbous Moon. Now that 
it is well past its opposition of 
July 20 (when it was on the oppo-
site side of the Sun from Earth), 
the ringed planet is conveniently 
placed for early-evening view-
ing. In addition, because we no 
longer look squarely into Saturn’s 
sunlit face, we see a little around 
the planet’s eastern edge to view 
some of its shadow falling on the 
rings. A small telescope reveals 
the rim of a black shadow quite 
clearly.

About 7.5 degrees to the west 
of Saturn is Jupiter, a steady 
yellowish light in the otherwise 
rather empty constellation Cap-
ricornus.

30 Venus ends the month just 
3 degrees above and west of 
the 1st-magnitude star Regulus 
in Leo. They will meet in a very 
close conjunction on October 3.
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 The two planets that approach near-
est to Earth are Venus, sailing along 
an inner orbit, and Mars, whose 

orbit is wider than ours. In its circuit 
around the Sun, Venus overtook Earth 
on June 3 and has been pulling ahead 
of us since then. Meanwhile, Earth is 
catching up with Mars, and we will pass 
it on October 13. On that date Mars will 
be in opposition, that is, on the oppo-
site side of Earth from the Sun.

However, because Mars has an ec-
centric, oval-shaped orbit, which in 
addition is tilted to that of the Earth, 
the red planet’s closest approach to 
us will actually occur one week before 
opposition. On October 6, Mars will 
be 38.57 million miles away, the clos-
est we will get until 2035.

The mean interval between any re-
curring planetary event as seen from 
Earth is called its synodic period, . . .  
from the Greek synodos, “a coming 
together.” If we compare planetary 
motions to an auto race, the 
“synodic” period of two cars with 
respect to each other is the time it 
takes for their respective positions 
to recur—for instance, from the time 
the faster car passes the slower one 

until it passes it a second time.
A different term is used to ex-

press the time it takes a planet 
to complete one orbit around 
the Sun: the sidereal period. 
That term comes from the 
Latin sidereus, “starry, 
astral, of the constellations.” 
Referring again to an auto 
race, a car’s “sidereal” period 
is the time it takes to complete 
a circuit around the track.

Whether it’s planets or rac-
ing cars, a synodic period is 
always longer than the sidereal. 
That’s because the synodic 
period, remember, is as seen 
from Earth—and we are moving 
along our own orbit. For Venus, the 
sidereal and synodic periods are, 
respectively, 225 and 584 days, 
whereas for Mars they are 687 and 
780 days.

Of course, all the planets in the 
solar system are orbiting in the 
same direction—counterclockwise, 
as seen from looking “down” from 
the north. If a planet were orbiting 
in the opposite direction, all bets 
would be off. 

Joe Rao is a broadcast meteorologist 
and an associate and lecturer at the 
Hayden Planetarium in New York City 
(www.haydenplanetarium.org).

A schematic diagram of our planet’s orbit 
and those of our two nearest neighbors 
shows that this past June 3 we were near 
Venus. On that date Mars was ahead of us, 
but it takes longer to orbit the Sun, and we 
will catch up this October 13. Venus has 
meanwhile sped ahead of us, and will pass us 
by on January 8, 2022. Later in 2022 we will 
catch up again with pokey Mars.
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 I
f this book had been subtitled “How 
I Wrote My PhD Thesis,” which is 
technically accurate, it wouldn’t 

have made it past the editor’s inbox. 
But Jonathan Slaght, a field biologist 
with the Wildlife Conservation Soci-
ety, has a lot going for him. First of 
all, there’s the subject of his research, 
Blakiston’s fish owl, the largest owl in 
the world, an imposing creature with 
the wingspan of an eagle that looks, 
in the authors words, “as if someone 
had hastily glued fistfuls of feathers 
to a yearling bear.”

Then there’s the setting, the far 
eastern Russian province of Primo-
rye, a remote wilderness of subarctic 
forest and rushing rivers teeming 
with wildlife—salmon, Amur tigers, 
roe deer, wild boar. It’s rugged coun-
try at any season, but most of the 
author’s research—which involved 
finding and tagging owls to develop 
a conservation plan for the endan-
gered species—had to take place in 
the dead of winter, during the owl’s 
breeding season. Accordingly, the 
bulk of Slaght’s narrative has him 
tending to nocturnal snares in ice-
encrusted tents, or snowbound in 
rustic cabins, playing cards and 

chugging vodka to wait out a bliz-
zard. Knuckle-biting drama comes 
when the weather warms, the river 
ice breaks up, and there’s a frantic 
race to make it back to civilization 
before the snowmobile routes be-
come impassible.

Consider next the characters, 
drawn from a cast of backwoods 
hunters, loggers, and eccentrics. 
Chepelev, who supplies wild game 
for a local sausage company, lives 
alone in a two-story mansion, 
miles from the nearest village, and 
sleeps inside a pyramid to soak up 
cosmic energy. Anatoliy, a hermit 
who opened his rustic cabin to the 
research group for several seasons, 
believes that gnomes tickle his 
feet in the night and attributes his 
isolation to the enchantment of a 
ruined Chinese temple on a nearby 
mountain. Even within the science 
team there’s Katkov, a skilled local 
naturalist, whose peccadillos include 
a penchant for continuous chatter 
and, it is revealed later, a collection 
of photographs of novelty urinals 
“shaped like . . . gaping mouths, or 
Hitler, that sort of thing.” 

Finally, there’s the author’s most 
precious gift, a masterful command 
of language. Open to almost any 
page to find luminous prose that 
takes one right into the thick of the 
wilderness:

A short while later I heard 
it, a wave of noise moving 
through the forest, squeals 
riding a crest of rustling 
vegetation and snapping 
twigs. I stood and pivoted 
behind a tree for cover 
just as a tsunami of wild 
boar broke the vegetation 
line across the creek and 
streamed past, half of them 
piglets. 

Slaght’s research, by his own ac-
count, helped conserve a unique and 
threatened species and earned him a 
PhD. This expressive account of his 
adventures, so well told, should earn 
him a respected place on every natu-
ral history bookshelf.

 C
ambridge University profes-
sor Kasia Boddy’s survey of 
seasonal flower lore offers a 

welcome respite from the stress of 
pandemic times. She has selected 
sixteen flowers, four for each season, 
to illuminate the variety of ways in 
which flowers influence science, af-
fect society, and inspire the literary 
imagination.

For spring, the obvious choice is 
the daffodil, whose profuse yellow 
blossoms cover hillsides and overflow 
garden plots during the first days 
of vernal warmth. Boddy’s essay, 
however, begins in the Caribbean, a 
region that has neither springtime 
nor daffodils. There, as in most of the 
British Empire, schoolchildren had to 
memorize Wordsworth’s iconic poem 
that begins “I wandered lonely as a 
Cloud,” describing the beauty of a 
flower they had never seen. V. S. Nai-
paul wrote, speaking for many of his 
compatriots, “A pretty little flower, no 
doubt, but. . . . Could the poem have 
any meaning for us?” 

Wordsworth’s dancing daffodils, 
native to more temperate zones, were 
wild Narcissus pseudonarcissus, 
which he beheld on the morning of 

Blooming Flowers: 
A Seasonal History of Plants  
and People 
by Kasia Boddy, Yale University 
Press, 2020; 
256 pages; $22.00

Owls of the Eastern 
Ice: A Quest to Find and Save  
the World’s Largest Owl 
by Jonathan C. Slaght, 
Farrar, Strauss and Giroux, 2020; 
368 pages; $28.00
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The Butterfly Effect: 
Insects and the Making of the 
Modern World 
by Edward D. Melillo, Alfred A. 
Knopf, 2020; 
272 pages; $27.95

April 15, 1802, while walking around 
Glencoyne Bay, Ullswater, in Eng-
land’s Lake District. If he was lonely, 
Boddy notes, it was not because he 
was alone, since he walked that day, 
as he frequently did, with his sister, 
Dorothy, who recorded her impres-
sion of the masses of spring flowers 
in her diary. And if Wordsworth’s 
imagination was fired by that wild 
floral beauty, he was also inspired 
by Greek, Latin, and Persian poems 
about its cousin, Narcissus tazetta, a 
native of the Mediterranean that was 
carried along trade routes as far as 
Japan and China, “where it is known 
as the Sacred Lily.” 

Another spring bloom, the Eas-
ter lily, brings forth references to 
Minoan frescoes, Irish poet and 
playwright Oscar Wilde, and Mexi-
can muralist Diego Rivera. And yet 
another early bloomer, the poppy, 
which Victorian era art critic John 
Ruskin likened to “a burning coal 
fallen from Heaven’s altars,” is listed 
not in spring, but among Boddy’s 
autumn essays. Here’s why: British 
farmers had long regarded poppies 
as common weeds, persistent flow-
ers whose seeds could survive harsh 
weather, ready to rise and bloom at 
the first sign of warm weather. That 
weediness, the ability to colonize a 
devastated landscape, was why the 
poppy came to personify life after 
war. John McCrae’s 1915 poem, “In 
Flanders Fields,” inspired by the 
poppies springing up in Flanders 
after the death of a friend in the Sec-
ond Battle of Ypres, captured wide 
public attention after it was pub-
lished in Punch magazine. The pop-
py became a remembrance symbol, 
worn to memorialize fallen soldiers 
on Armistice Day every November. 

Each of Boddy’s meandering es-
says traces intellectual paths like 
these, as winding and full of unex-
pected pleasures as a hike through 
the English countryside. Keep this 
book by your favorite chair, to savor 
each month’s floral delights until it’s 
safe to go outside and smell the roses 
once again. 

 In a clever evocation of mathemati-
cian Edward Lorenz’s metaphoric 
theorem that globe-spanning effects 

can be triggered by the beating of a 
single insect’s wings in Patagonia, 
Amherst College historian Edward 
Melillo draws our attention to the 
profound ways in which six-legged 
creatures have directed the course of 
empires and enriched the material 
and intellectual resources of society.

A case in point is a tiny bug called 
cochineal (Dactylopius coccus), na-
tive to Central America. Dried bodies 
of thousands of these scale insects, 
ground into a fine powder, yield an 
elegant red dye prized by painters, 
tapestry weavers, and royalty. For 
centuries, starting shortly after the 
era of the conquistadores, Spanish 
colonialists guarded the secret of its 
origin, reaping handsome profits from 
their carmine monopoly. That is, they 
did until 1777, when a Frenchman, 
Nicolas-Joseph Thiéry de Menonville 
(1739–1780), disguised as a Catalan 
physician, landed in Mexico and, in 
a daring underground operation, ab-
sconded with specimens of cochineal 
bugs and the cacti on which they feed. 

The history of lac insects in India 
shows how insects enrich society 
spiritually as well as materially. Sev-

eral species of lac bugs exude a sticky 
substance that accumulates on tree 
branches. Usually, twice a year it is 
scraped off by legions of rural harvest-
ers and processed for sale into shell-
like fragments with the consistency 
of toffee (hence the name “shell-lac”). 
Shellac was used in fine wood finishes 
by such artisans as Guarneri and 
Stradivari, and, before the advent of 
vinyl LPs, as a recording medium. 
Arguably, the billions of lac insects 
whose secretions went into stringed 
instruments and audio records over 
the years can claim lifetime Grammy 
awards for their contributions to the 
creation and propagation of both clas-
sical and modern music.

Melillo’s well-crafted stories credit 
creatures that are too often scorned 
as annoying or dismissed as insig-
nificant. Two election cycles ago, for 
instance, vice-presidential candidate 
Sarah Palin, citing what she claimed 
was wasteful government spending, 
ridiculed data showing tax dollars go-
ing “to projects that have little or noth-
ing to do with the public good—things 
like fruit fly research in Paris, France. I 
kid you not.” But of course, the fruit fly 
(Drosophila melanogaster) has been 
implicitly honored by several Nobel 
prizes, since it is the model organism 
for studies in genetics and thus central 
to our understanding of life at the mo-
lecular level. “Palin’s ignorance of the 
inestimable scientific value of fruit fly 
experimentation was especially iron-
ic,” notes the author, “given that her 
youngest son . . . suffers from Down 
syndrome, a genetic disorder that has 
been extensively studied . . . using 
Drosophila chromosomes.” The take-
away, for politicians, and for readers in 
general: read this book and get wise to 
those magnanimous little creatures.

Laurence A. Marschall is professor 
of physics emeritus at Gettysburg 
College in Pennsylvania. He is the co-
author, with Stephen P. Maran, of Pluto 
Confidential: An Insider Account of 
the Ongoing Battles over the Status of 
Pluto and Galileo’s New Universe: The 
Revolution in Our Understanding of the 
Cosmos (both BenBella Books, 2009).
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 Do you live alone?” asked my 
neighbor, an emergency room 
doctor.

“Just me and my dog,” I said.
“Perfect,” she said. “That’s the best 

thing. You can stay safer that way.” 
Although I live alone, I never feel 

lonely, because as soon as I step out-
side my door I enter the rush, and 
crush, of New York City life. To put a 
twist on Lin-Manuel Miranda’s Hamil-
ton lyrics, I always liked the quiet be-
fore. But the quiet caused by COVID-19 
is filled with grief for what we’ve lost. 

New York’s governor, Andrew Cuo-
mo, has observed that the virus can 
spread among the vulnerable “like 
fire through dry grass.” And the novel 
coronavirus has definitely torched 
the grass of the city’s street life. For-
tunately, I live close to both Central 
Park and Riverside Park, two of the 
largest and most diverse natural areas 
that coexist within the urban land-
scape. I’m in these parks every day 
with my dog. I go when I’m depleted, 
and emerge restored. I go when I’m 
happy, and emerge with even more 
joy. Parks literally breathe with us 
and for us. And with this particular 
virus circulating, it’s my breath that 
I’m most grateful for.

With so many of the places we 
normally visit shuttered, the parks 
have taken on even more importance. 
They’ve become our everything: our 

classrooms, theaters and concert 
halls, laboratories, and living, thriving 
museums. They’re where science, art, 
and society intertwine so fully that it’s 
impossible to separate them. Parks 
can set the stage to unite us, with na-
ture and with one another. 

 T
en years ago, my apartment build-
ing caught fire, and I learned vis-
cerally that fire is an irreversible 

chemical process. A pile of ash cannot 
be transformed back into its original 
form, no matter how much we work, 
pray, or pay. But ash isn’t all that re-
mains from what was lost. There is 
also food for the future. When nature 
endures a fire, the scorched earth teems 
with life and possibility that in time will 
break through in ways that couldn’t 
happen before the fire. That’s the task 
that we face now, as we lift our gaze, 
peer outside our doors, and begin to 
reopen and rebuild from what remains.

In addition to looking to the parks 
to help me cope, I have found comfort 
in the concept of deep time. When an 
asteroid struck the Earth 66 million 
years ago, it was tragic and hopeful. 
It wiped out 80 percent of plant and 
animal species on Earth, and without 
it we wouldn’t be here. Like the fungi 
that rise up and over a fallen tree in 
the park, our ancestors were the life 
that teemed below the surface in the 
wake of that asteroid. We’re here not 

in spite of the asteroid, but because 
of it.

As we come to grips with the idea 
that we may have to live alongside 
this virus for years, we’ve turned 
our attention to adaptation, just as 
nature does when a massive change 
occurs. Many of us have lost loved 
ones, livelihoods, and dreams to this 
virus. Now we are forced to reimag-
ine and redesign our lives with these 
casualties. In our own individual 
ways, we’re tending the micro garden 
that lies below the surface, just out 
of harm’s reach, to bring forth new 
life while honoring our losses. It’s a 
delicate balancing act, but we needn’t 
face it alone. 

A graduate of the University of Pennsyl-
vania with an MBA from the University 
of Virginia’s Darden School of Business, 
Christa R. Avampato seeks to use busi-
ness, science, and storytelling to build  
a better world. Having recently com-
pleted an Arizona State University 
graduate program in biomimicry, she  
is now applying to PhD programs in 
sustainable urban development. Her 
current research concerns the develop-
ment of a durable, bio-based plastic 
that, at the end of its useful life, can be 
broken down through a low-energy 
process into components that are be-
nign—and preferably beneficial—to  
surrounding ecosystems. For more 
about her, visit christaavampato.com 
and doubleornothingmedia.com, and  
follow her on Twitter at @christanyc. 

Impossibly Living in Possibility
Science and nature as mentors in challenging times
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“Deep thinking about 
physics and big-picture awe in 

the style of Carl Sagan.” 
—RANDALL MUNROE, 

author of xkcd and What If?

From one of the most dynamic 
rising stars in astrophysics, an 

accessible and eye-opening look at 
five ways the universe could end, 

and the mind-blowing lessons each 
scenario reveals about the most 

important concepts in cosmology.

SimonandSchuster.com

Also avail able as an ebook and audiobook.

What happens to the universe at the end? 
And what does it  mean for us now?
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