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C R I T I C A L FOCUS
Brian J. Ford

Feces, from Start to Finish
Excrement may be repulsive, but the study of dung casts light on many ostensibly unrelated 
aspects of civilization, including a fascinating microscopical view of bacterial communities. 

You must know the one 
about the dung beetle — 

walks into a bar and asks: “Is 
this stool taken?” It’s one of 
the few quotable jokes about 
excreta. Most are merely 
impolite (like, “people who 
complain about constipa-
tion are full of crap”). I dare-
say many of you thought 
that the title of this column 
was actually the editor’s 
comments on this article, 
scrawled dismissively on 
the draft and mistakenly set 
in type. But no — this time I 
really am looking at excreta. What I find so intriguing 
is that it has so many synonyms. Most physical human 
functions have a couple of alternatives (like breathing 
and respiring, or sweat and perspiration), but for ex-
creta there is the longest list of all: dung, excrement, 
excretion, crap, poop (and poo), defecation, fecal mat-
ter, feces and feculence, deuce, motions, dirt, ordure, 
shit (and shite), manure, turd, scag (and scat), drop-
pings, dags, sewage, guano, number two, waste, dis-
charge, stool ... I have listed here far more than are in-

cluded on collinsdictionary.
com or even thesaurus.com, 
yet the list could certainly be 
further extended. 

We are instinctively re-
pelled by excrement, a pri-
mordial antipathy that use-
fully restricts the chances of 
our contracting enteric infec-
tions. Yet to microscopists, 
feces are fascinating; not 
only can we detect cell walls 
and particulates that reveal 
the composition of diet, but 
much of feces is a teeming 
community of bacteria. The 

commonest of these is the rod-shaped Escherichia coli, 
colloquially known as E. coli (and often incorrectly 
printed as “E-coli”), which was discovered in 1885 by 
the Austrian microbiologist Theodor Escherich. He 
originally named it bacterium coli commune, and it did 
not acquire its familiar scientific name until 1919. Even 
so, it is surprising to note that the name E. coli was not 
officially sanctified by taxonomists until 1958. 

At any one time the volume of bacteria in the lower 
bowel amounts to roughly 300 ml (10 fl. oz), and this 

This coprolite, an example of fossilized reptile feces, is the largest 
yet discovered. Excavated in South Carolina, it weighs over 4 lb. 
(2 kg). Synchrotron microtomography is now being used to identify 
what traces may be found within.
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Theodor Escherich 
identified the ubiqui-
tous Escherichia coli 
in human feces during 
his research into the 
bacterial flora of the 
infant intestine in 
1885. The rod-shaped 
bacterium was given 
Escherich’s name in 
1919 to commemo-
rate his work.

plentiful source of nitrogen is one reason why manure 
can be such a valuable source of fertilizer on the fields. 
The other potential benefit is the chemical composi-
tion of excreta, which is rich in minerals, including 
urate and ammonium nitrate together with phos-
phates and potassium. So, as we shall discover, dung 
became greatly valued as a raw material in ancient 
times and even had collectors breaking into buildings 
to steal raw sewage. Over the years it has played a role 
in the development of weapons and the flavoring of 
ice cream, innovative fine art and fireworks, the future 
of agriculture and the perfume industry, the flourish-
ing of those vast Alaskan forests, traditional medicine 
in Ancient China, and the quest for immortality in An-
cient Egypt, while providing a clue to the cause of the 
great potato famine in Ireland and playing a promi-
nent part in global trade. The scientific study of sew-
age reveals much about the hidden history of human-
ity. There is a gothic country house and an industrial 
relic towering over the Grand Canyon, both of them 
built purely on the proceeds of poo. 

Intestinal organisms are important. They can di-
gest dietary fiber into short-chain fatty acids that are 
then amenable to absorption. Some of these bacteria 
can synthesize vitamins B and K and metabolize ste-
rols and bile acids, while bacteria in the lower bowel 
like Bifidobacterium can digest mannitol and sorbitol 
along with a range of complex carbohydrates that the 
body’s own enzymes cannot digest. In a leading ar-
ticle for Nature in 1975, I termed such health-giving 
bacteria salugens (as opposed to disease-causing 
pathogens), though they are now grouped as probi-
otics (“Microscopic Blind Spots,” Nature, 258, p 469,  
Dec. 11, 1975). Only recently have we begun to study 

them seriously. There are many other rod-shaped bac-
teria in the human bowel that can be identified, and 
these coliform organisms act as indicators of sewage 
pollution in open water. They are vital in monitor-
ing the safety of beaches, for example, that may seem 
clean but can contain hidden contamination from bro-
ken sewers. Beachgoers love to wade through the shal-
lows — or are they just going through the motions?

VARIETIES AND USES

Carnivorous dung is different from the drop-
pings of herbivores. The revolting odor is mostly 
due to the presence of the curious compound skatole  
(3-methylindole, C9H9N), which is metabolized from 
tryptophan in the intestines. In high concentrations, 
skatole is instinctively offensive, though when dilut-
ed it has a deliciously attractive scent. Indeed, it is a 
trace of the same skatole that gives the familiar white 
arum lily Zantedeschia aethiopica its appealing aroma. 
Skatole has long been included in the flavorings for 
ice-cream and is also a component of some of the cost-
liest cosmetics. Indole (C8H7N) also features in feces 
and smells disgusting — though this compound too, 
in high dilution, has an appealing flowery aroma and 
is a common constituent of perfumes in the orange 
blossom spectrum. One commercial source of flavors 
and perfumes is the strange scented substance known 
as castoreum, which is obtained from the anal glands 
of adult beavers. It contains some 30 compounds, 
most of them disgusting in larger amounts (but pleas-
ingly appealing when diluted). These are astonishing 
applications for compounds that are so unpleasant 
when they occur naturally in human excrement. In 
contrast, the dung deposited by herbivores is a safer 
substance than that dropped by carnivorous species, 
because it is less likely to carry parasites and patho-
gens. The odor is sweeter, less offensive, and — after 
fermentation, perhaps as compost — this is an ideal 
horticultural fertilizer. There is also a high content of 
fiber, and there has been some success in processing 
the fiber to make paper. For example, the Elephant 
Conservation Center in Lampang, Northern Thailand 
is manufacturing paper out of elephant and panda 
droppings. In Wales, Lawrence Toms and Lez Pay-
lor set up a company called Creative Paper Wales, 
which produced greetings cards and gifts from Sheep 
Poo Paper. They even collared a $25,000 Millennium 
Award for their “social entrepreneurship” before the 
company closed down. In Assam, India, there is a 
tradition of making ceremonial masks with features 
moulded from a mixture of cow dung on a lattice base 
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that is woven to fit the wearer. The dung is beauti-
fully painted when dry. 

Coffee beans develop their full flavor when fer-
mented (“Critical Focus: Beer and Pizza, A Slice of 
Ancient Life, The Microscope, 64:4, pp 173–185, 2016) 
and those that have been partly digested and excreted 
in feces by the palm civet Paradoxurus hermaphroditus 
have long been sold as kopi luwak, the most flavorsome 
coffee of them all. These coffee beans were once col-
lected by the workers on Indonesia coffee plantations, 
who could not use costly commercial coffee beans and 
had to resort to those retrieved from civet droppings. 
In time, the wealthy plantation owners realized that 
this form of coffee tasted better than the rest; the civet 
cat’s digestive enzymes sweeten the beans. This rare 

coffee has since become the most expensive in the 
world, commonly costing $1,000 a kilogram. In recent 
years, the demand for the coffee (and its high profit) 
has led to intensive civet farms, where the large num-
bers of the animals are crowded into cramped cages 
under inhumane conditions and are force-fed masses 
of coffee beans. That trade is now widely disapproved 
of, though most buyers remain unaware of the facts. 
Meanwhile, an infusion of flying squirrel feces, or  
wu ling zhi (五灵脂), is still used in Chinese medicine 
to relieve abdominal and chest pain and to treat insect 
and snake bites. The concoction is said to have a bitter-
sweet taste and is served in small china cups, like tea. 
Flying squirrels are rare, and the use of this traditional 
medicine is prohibited in the U.S. 

Animal droppings recycle nutriment to the soil, 
and many arthropods evolved specifically to feed on 
dung. There are more than 30,000 species of Coleop-
terans, the dung beetles, which evolved specifically to 
utilize animal droppings. The importance of their re-
cycling excreta in the Earth’s cycles was known to the 
ancient Egyptians, who especially revered Scarabaeus 
sacer, the sacred scarab. I have seen countless repre-
sentations of scarab beetles in Egyptian sites, includ-
ing Karnack and the Valley of the Kings, and they are 
featured in amulets and jewelry. Indeed, their repre-
sentation of the god Khepri shows him with a scar-
ab beetle in the center of his headdress. The ancient 
Egyptians 5,000 years ago were clearly captivated by 
the cycle of life, as dung beetles buried droppings 
from which new beetles would eventually emerge. 
Notions of dung may be repellent to us, but they once 
were holy in Egypt. 

Two thousand years later, the ancient Chinese 
sought the key to immortality by identifying chemi-
cal crystals that could spark life in a dying fire. Might 
this be a clue? The chemical they used crystalized 
from decaying dung and was composed of saltpeter 
(potassium nitrate, KNO3). It was this preoccupation 
of the early alchemists that led to the development of 
gunpowder. Along with paper, printing, and the navi-
gational compass, this was one of the classical “four 
great inventions” of Ancient China and emerged in 
the Jin dynasty around the year 300 AD, though the 
formula for gunpowder was not written down until 
the Song dynasty in the 11th century. After the Mon-
gol conquests eventually brought the news westward 
to Europe, the formula was published in 1267 in the 
Opus Majus by Roger Bacon and soon fire arrows and 
bombs became features of warfare. The standard rec-
ipe for gunpowder at the time was 6 parts saltpeter 
(potassium nitrate) blended with 1 part of sulfur and 

The most luxurious coffee has long been obtained by grinding partly 
digested beans picked out of the droppings of wild civets. The coffee’s 
growing popularity has given rise to intensive farms in which the animals 
are force-fed the beans.

The sacred scarab beetle appears in numerous hieroglyph carvings we 
find in the sites of Ancient Egypt. Their habit of burying dung, from which 
new beetles would eventually emerge, was seen as an intimation of 
immortality.
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1 part powdered charcoal. The concoction was known 
as “black powder” because of the carbon content. El-
emental sulfur was easily available at the time as an 
item of commerce, and charcoal was also in abundant 
supply, but the only source of potassium nitrate was 
decomposed organic matter, mostly sewage. Dung 
heaps provided a vital supply of the saltpeter, and in 
Elizabethan England, groups of collectors would raid 
privies and piles of dung from farms and dovecotes to 
cart off the contents and extract the nitrate. They tested 
the quality by tasting a small sample, and it was then 
mixed with water before being soaked, then filtered 
and evaporated over wood fires to provide a source of 
crude saltpeter. The industry used to build up stacks 
of waste to which blood and urine were added, and 
the value of dung meant that, in 1606, a commission 
was set up by King Charles to regulate the raids by 
collectors. They could apply for a Royal Warrant giv-
ing them access to privies, pig pens, pigeon cotes, and 
dunghills. So valuable was the waste that the collectors 
took bribes, commandeered wagons to transport the 
dirt, raided dovecotes even when it interfered with the 
breeding season, stole commodes from the sick and dy-
ing, and broke into outhouses. The collectors who sup-
plied the raw material for the saltpeter industry were 
known as “petermen,” a slang term that soon became 
applied to any petty thief. Today’s dictionaries define 
peterman as a safecracker or one who steals chests of 
valuables, though I am sure that definition is wrong. 
There are many accounts of the abuse that followed 
and the damage to outhouses, though the demand for 

gunpowder meant that officials turned a blind eye to 
the vandalism. In 1635, Viscount Wimbledon wrote: 
“It were better the Kingdom of England were without 
walls than without powder.” It was agreed that, with-
out saltpeter and plenty of powder for their cannons, 
ships could not safely be put to sea, and international 
trade would cease. The growth of globalization owed 
its vigor not to capitalism but to sewage. 

The exploration of the Americas soon revealed 
an alternative source of nitrates: vast mounds of ac-
cumulated bird droppings, called guano. The word is 
derived from the Quechua word used by the Aztecs, 
wanu, which gave rise to the American Spanish huano 
(meaning dung used for fertilizer). The Andean com-
munities had known of the importance of these accu-
mulated bird droppings for thousands of years and 
used to collect guano from the islands and coves along 
the coast of Peru for use on their fields. Typically, 
guano contains about 15% nitrogen, 10% phosphorus, 
and 3% potassium. It was recognized as a valuable re-
source for agriculture, and the ancient rulers imposed 
severe penalties to anyone collecting it illicitly or in-
terfering with birds like the pelican, booby, or cormo-
rant, which were the chief providers of fresh guano. 
The agricultural value of this resource was first noted 
in Europe after the voyage of the Prussian explorer 
Alexander von Humboldt to Callao, Peru in 1802, and 
within a few decades, commercial exploitation began. 
DNA analysis has recently shown that it was imports 
of guano from Peru into Ireland in 1842, along with 
some new potato varieties, that triggered the outbreak 
of the oomycete fungus Phytophthora infestans, which 
caused potato blight. This caused the Irish potato fam-
ine in which 1 million people died, and another mil-
lion emigrated (largely to the U.S.). 

GUANO ON THE RISE

By 1849, the commercial interest in guano was 
increasing, and the first 80 indentured slave workers 
were brought from China to work gathering the ma-
terial. Within 25 years their number had increased to 
more than 100,000. So profitable had the trade become 
that per capita colonial taxes were no longer levied. 
In New Mexico, the Carlsbad Caverns were renowned 
for their huge bat populations, whose guano depos-
its were found to be 50 ft. deep. Other deposits were 
recognized in the Caribbean islands, Baja, California, 
atolls in the South Pacific, and islands off the coast 
of Africa. Some were of colossal proportions, often 
measuring more than 150 ft. (about 50 m) deep. In 
response to the growing interest, the U.S. published 

The excretion of seabirds in Peru yielded huge deposits of mineral-rich 
guano, which has been mined by commercial companies and exported 
since it was first discovered by Alexander von Humboldt in 1802.
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the Guano Islands Act of 1856, which gave citizens the 
right to claim as their own guano deposits on previ-
ously unexplored islands. Many of these remained 
under U.S. control ever since, ranging from Kingman 
Reef (a largely submerged coral outcrop halfway be-
tween Hawaii and American Samoa) and tiny Jarvis 
Island (at the mid-point between Hawaii and the Cook 
Islands) to Midway Atoll, halfway between North 
Americas and Asia, which became the site of that cru-
cial turning point in World War II. Spain once went 
to war over guano, when its exportation was chal-
lenged by an alliance between Peru and Chile, trigger-
ing the Chincha Islands War of 1864–1866. Huge sums 
of money changed hands in the guano trade from the 
Chincha Islands, which lie off the coast of Peru. 

Near Bristol, England there stands an astonish-
ing country house known as Tyntesfield. It is like a 
fairy tale castle, hidden by a hill and buried in wood-
land, an imposing Gothic fantasy house with soaring 
pinnacles and lofty gables, clusters of chimneys and 
mullioned stone windows, and with a private chapel 
alongside. It was always secluded, and Lord Wraxall 
(Richard Gibbs), who more recently owned it, never 
allowed people near. The only file photographs then 
available had been taken over a century earlier. This 
magnificent building was constructed from the profits 
of importing guano from those islands. The fortune 
that paid for it all was made by William Gibbs, the 
son of a surgeon, who started the importation busi-
ness in 1842. Until his death in 1875 at the age of 85, 
the profits from the enterprise made an astonishing 
$10 million each year, in today’s money. The family 
originally lived in a modest country house called Tyn-
tes Place, but in 1863, an architect named John Norton 
was brought in to expand it at a cost of $8 million (in 
today’s terms). Even though this was a huge sum, it 
was less than one year’s profits from the company. It is 
said that no other country house in Britain so vividly 
recaptures the essence of Victorian England — all of it 
paid for by bird shit. 

It was during the 1870s that the exploitation of 
guano was eclipsed by the discovery of nitrates of po-
tassium and sodium found in the deposits of caliche 
in the Atacama Desert. Chile conquered the area in 
the Guerra del Pacífico (the War of the Pacific) around 
1880 and took control both of the guano deposits and 
the Peruvian sources of nitrate. So great was the de-
mand of the growing global population for fertilizers 
by this time that the national income of Chile increased 
almost tenfold by 1900. But within the next decade 
there was a revolution in the supply of fertilizers. In 
1909, the Prussian chemist Fritz Haber perfected the 

Haber-Bosch process for producing nitrate out of at-
mospheric nitrogen. It was already known that one 
could decompose ammonia on a catalyst containing 
nickel, and Le Châtelier’s principle meant that the re-
action could theoretically be reversed if the physical 
parameters were adjusted. Haber teamed up with Carl 
Bosch and they soon showed that — under high pres-
sure and temperature — they could produce nitrates 
from air. The chemistry is simple: it was the catalyst 
and the high-pressure reaction vessels that were the 
ingenious part.

N2 + 3H2 → 2NH3

This was a dramatic development, and Haber was 
awarded the Nobel Prize for Chemistry in 1918. In the 
decade following 1924, the price of nitrate fell from 
$45 to $19 per ton, and mining the mineral in Chile 
dropped from 2.5 million tons a year to 800,000 tons. 
Before Haber, about one-twentieth of the world was 
benefitting from nitrogenous fertilizer. Today, about 
one-half of all the people in the world eat food pro-
duced with nitrate fertilizers produced by the Haber-
Bosch process. 

Guano production continues today, and both in 
Peru and South Africa it is gathered from renewable 
accumulations that have been deposited by present-
day seabirds. Cave-dwelling vertebrates, including 
birds and bats, also generate huge mounds of excreta. 
These animals, feeding principally on insects, excrete 
a higher level of nitrogen than seabirds, so high that 
this form of guano has been used to manufacture ex-
plosives. When the Civil War broke out between the 
North and the South in April 1861, the Union troops 
held the upper hand over supplies of gunpowder, and 

Tyntesfield is an imposing country house, near Bristol, U.K., and was 
commissioned in 1854 by William Gibbs with the immense profits of 
importing guano from the Chincha Islands. He used indentured Chinese 
workers in his mines, who labored in conditions close to those of slavery. 
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they blockaded the Confederate ports so that they  
soon ran short of nitrate for the production of explo-
sives. Gunpowder at that time was made from 10% 
sulfur, 15% charcoal, and 75% saltpeter (potassium 
nitrate, KNO3). Sulfur was found in mines and was 
also obtained from the sulfur-rich springs in Vir-
ginia. Charcoal was already being produced in large 
amounts by traditional pyrolysis in the Allegheny 
Mountains, so supplies of both were assured. The 
problem was to find a source of saltpeter. A cave con-
taining vast amounts of bat guano was found near 
Pembroke, Virginia, and it proved to be so high in ni-
trate that it could be used to make saltpeter. Some 80 

guano caves were then found in the Virginias, 11 of 
them in Giles County alone. Others were identified in 
Kentucky and Tennessee. The guano from these bat 
caves provided the third vital component of gunpow-
der. Explosives are composed of a fuel and an oxi-
dizer. In gunpowder, the carbon and sulfur provide 
the fuel: the sulfur triggers the explosion and, once it 
is initiated, the carbon oxidizes explosively with the  
saltpeter. We can account for this in an idealized for-
mula for the explosion:

10KNO3 + 3S + 8C → 2K2CO3 + 3K2SO4 + 6CO2 + 5N2

Although pure ammonium nitrate works better, 
the violence of that detonation would shatter the bar-
rel of an early gun. Traditional gunpowder had a slow-
er burn and gave the Confederate army the perfect 
explosive. The southern troops would have been at a 
fundamental disadvantage in the Civil War — it was 
the droppings from bats that kept their guns firing. 

At the Grand Canyon we can still see the remains 
of a guano mining enterprise. Towering over the 
western canyon of Arizona stands a rusting gantry, 
testimony to a grand enterprise to exploit bat guano 
from a nearby cave. Since the 1930s, attempts had 
been made to exploit vast mounds of mineral-rich bat 
droppings that had been found nearby, and in 1957 — 
after a surveyor’s report suggested there were some 
100,000 tons of guano available for exploitation — the 
site was purchased by the U.S. Guano Corporation, 
and serious development began. They constructed 
an airstrip on a sandbank to fly in equipment, leased 
a plot of land on the south rim of the canyon from 
the Hualapai tribe, and strung a cableway spanning 
7,500 ft. (2,300 m) with a vertical lift climbing 2,500 ft.  
(760 m). The cars could carry over a ton and were used 
to bring out the guano and also to transport the min-
ers. The company invested millions of dollars in the 
project, but to no avail: there proved to be only about 
1,000 tons of extractable guano, and the price was 
steadily becoming uncompetitive. By the late 1950s, 
the signs of financial collapse were becoming clear, 
though interest peaked again in 1959, when the movie 
Edge of Eternity was filmed at the mine. The story ends 
with a dramatic fight on the cable car from the gua-
no mine hanging high above the Grand Canyon — a  
climax that every critic regards as a great moment 
in film history. That was the final moment of glory; 
in 1960, the mine closed, though the gantry from the 
cable car still stands sentinel above the valley. It is an 
unusual reminder of an industry founded on bat crap.

Extensive bat colonies have been found in caves around the world, and 
their droppings have frequently been harvested as guano, which is rich 
in minerals. This colony is in the Gossi Cave in South Korea.

Towering over the western arm of the Grand Canyon at river mile 266 
is the gantry from which a cable transport system once ran down to the 
Bat Cave guano mine. The facility was featured in the 1959 film “Edge of 
Eternity”; it closed in 1960.
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DINOSAUR DROPPINGS

Guano deposits are not purely a recent phenom-
enon; they were building up 100 million years ago, 
and prehistoric guano has also played a role in the 
advancement of human civilization. During the era of 
the dinosaurs, the Earth was covered with vast shal-
low seas, which we considered in a previous Criti-
cal Focus (“Aquatic Dinosaurs Under the Lens,” The 
Microscope, 60:3, pp 123–131, 2012). If you look at the 
standard textbooks, you will find that fossilized dino-
saur droppings were identified as coprolites. That’s 
not quite right. When William Buckland published his 
momentous paper on their discovery by the devoted 
fossil collector Mary Anning, he showed that they 
were found within the body cavities of plesiosaurs 
and ichthyosaurs — marine reptiles, not dinosaurs 
(Buckland, W. “On the Discovery of Coprolites, or 
Fossil Faeces, in the Lias at Lyme Regis, and in Other 
Formations,” Transactions of the Geological Society of 
London, 3:2, pp 223–238, 1835). The first picture ever 
created of prehistoric reptiles was a watercolor paint-
ed in 1830 by Henry De la Beche and, in the center, he 
shows a plesiosaur that is clearly defecating while be-
ing attacked by a gigantic ichthyosaur. Defecation in 
such a traumatic situation is not surprising.

We would expect to find incalculably large num-
bers of fossils of huge feces from the large dinosaurs, 
from T. rex to Argentinosaurus, were they terrestrial 
monsters, but — because they evolved and lived in 
water — their dung collected in submerged drifts and 
single coprolites from the larger dinosaurs are rare. 
There was one coprolite weighing 7.5 kg excavated 
in Saskatchewan, but normally their excreta accumu-
lated in vast submerged drifts in the deeper parts of 
the lakes and seas in which they lived their lazy lives, 
mingling with organic residues from the plants and 
animals of the time. These beds have been unearthed 
in many countries, and not only do they substantiate 
my “aquatic dinosaur” hypothesis, but in previous 
centuries they provided an invaluable source of miner-
als. A vast deposit of coprolites was discovered in 1842 
at the Red Crag at Felixstowe in Suffolk, England, by 
the Rev. John Stevens Henslow, who was there on va-
cation. We have encountered Henslow previously in 
this column, for he was the mentor of Charles Darwin, 
and an eminent geologist of his time (“Darwin, the  
Microscopist Who Didn’t Discover Evolution,” The 
Microscope, 59:3, pp 129–137, 2011). Henslow took 
some samples home to analyze them chemically and 
found that treatment with sulfuric acid produced 
monocalcium phosphate Ca(H2PO4)2•H2O — the fer-

tilizer later known as superphosphate. The reaction is 
complex, but a balanced formula can be used to sum-
marize the chemistry:

2Ca5(PO4)3F + 7H2SO4 + 3H2O → 7CaSO4 + 
3Ca(H2PO4)2•H2O + 2HF

Henslow determined that this new product could 
be used as fertilizer in agriculture and, until the de-
velopment of industrially produced ammonium phos-
phate, this was the richest form source of phosphorus 
available for farmers. He located similar deposits in 
the Cambridge Greensand beds, and he told of his dis-
coveries in the spirit of pure scientific enquiry, with 
no thought of profit. But when Sir John Bennet Lawes 
came across the idea, he took out a patent and set up 
Lawes’ Artificial Manure Company. In addition to 
fossilized coprolites, they began to import guano and 
rock phosphates, and their product took the agricul-
tural market by storm. Lawes was born and brought 
up in the family home at Rothamsted in Hertford-
shire, England, as the son of the Lord of the Manor. 
The young John Lawes went to Oxford University but 
left before graduating to work on his personal inter-
ests. So successful was his fertilizer business that he 
eventually sold it for $12 million in today’s money. 
His home became internationally renowned as a cen-
ter of enterprise and, when he died, his legacy en-
sured the work would continue. Rothamsted is now 

Reptile feces can be seen in the first representation of the prehistoric 
realm ever produced in 1830. This study by Henry De la Beche shows 
an ichthyosaur seizing a plesiosaur by the neck. Not surprisingly, the 
victim is defecating.
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Deep coprolite beds were found near Cambridge, U.K., and were 
extensively mined during the second half of the 19th century. This photo 
dates from 1916, when mining was resumed to supply raw material for 
explosives used in World War I.

the oldest major agricultural research station in the 
world and is a world-renowned institute conducting 
research in over 50 countries worldwide. With the de-
velopment of cheaper sources of phosphate, mining 
dwindled during the 19th century, and the traditional 
coprolite mines closed down, however, there was a 
temporary revival during World War I. The attacks on 
British merchant ships by the German navy caused a 
shortage of the raw materials used to make explosives, 
and so the British government quickly modernized 
the old coprolite works near Cambridge. Irish prison-
ers of war were brought in to extract the vital layers 
from the ground, and these compacted beds of fossil-
ized dinosaur droppings became a critical component 
of the manufacture of explosives for Britain during 
WWI. When the war ended, so did British coprolite 
mining — and meanwhile, it was dinosaur droppings 
that had saved the day. 

Yet animal dung still had a part to play in World 
War II. A British magician named Jasper Maskelyne 
was recruited to the “A Force,” a group established for 
subterfuge and counterintelligence during the desert 
campaign in North Africa. He pioneered using de-
coys in warfare, constructing mock-ups of tanks and 
fake aircraft to confuse the Germans. Maskelyne was 
also a master of camouflage and used camel dung to 
disguise landmines. The German tank crews used to 
steer towards deposits of camel dung in the desert and 
drive across them for good luck, so Maskelyne intro-
duced the idea of laying mines and topping each one 
with camel feces. It took several weeks before the Ger-

man commanders realized that the camel dung con-
cealed a powerful mine, but Maskelyne still had one 
further trick up his sleeve. He disguised each of his 
newly laid mines with a camel deposit, this time bear-
ing the apparent imprint of tank tracks. Hundreds of 
German tanks were blown up by this simple ruse. 

CALL OF THE WILD

Animal excreta is nature’s powerhouse. The recy-
cling of carcasses into a form that plants can utilize is 
a vital aspect of fertilizing a forest. The lush forests 
of Alaska grow in barren rocky soils depleted of nu-
triment by endless rainfall that washes solutes down 
into the rivers and out to sea. It has long been clear 
to me that it is the dense populations of salmon, ris-
ing through the rivers to spawn, that are the source 
of nitrogen on which those forest trees depend. Many 
of the fat fish are caught in the rapids by bears, which 
then wander into the forests to digest their meal, 
where they deposit nitrogen-rich droppings onto the 
floor of the woodland. 

Other fish are lifted from the rippling water by 
eagles, which eat them before excreting their wastes 
into the forest. These Pacific salmon mate with power-
ful passion in the shallows, then die in millions, ly-
ing in stinking drifts of decaying fish. I have observed 
their carcasses stretching for miles along the edges of 
the mountain rivers, where they are devoured by gulls 
that descend in vast flocks, seeking to snatch salmon 
eggs from the shallows, or are consumed by small 
mammals seeking carrion and also by insects. Each 
destined to excrete their digested food waste back into 
the forest soil. The dead and dying salmon provide 
nourishment for the forest through the stools of the 
wild creatures that devoured the fish as food. The 
cycle was always clear to me, but it is widely misin-
terpreted by ecologists. They teach that it is the bears 
leaving fish carcasses in the forests that provide the 
link. According to them, the flesh from the bodies of 
the fish fertilizes the soil as it decays, delivering nitro-
gen to the forest. 

Says one typical source: “Birds and mammals 
fly off with or drag carcasses into surrounding for-
ests, bringing marine-derived nutrients for the forests 
around salmon-bearing streams.” (www.alaskagold-
brand.com/2017/09/29/the-salmon-forest/). Another 
explains: “When otters, bears, or other mammals drag 
salmon into the forest to feed on it, much of the re-
mains are left behind.” (nclctrust.org/our-forests-are-
made-of-salmon/), while the BBC reports some new 
findings from a team of scientists in 2014: “The bears 
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who feast on the spawning salmon don’t eat on the 
river — they drag the carcasses far into the forest. The 
remains of the salmon contain vast quantities of nitro-
gen that plants need to grow.” (www.bbc.com/future/
story/20140218-salmon-fertilising-the-forests). 

These intrepid investigators are missing the tell-
ing truth that lies right under their noses: they don’t 
drop the salmon, they crap them. It is not the remains 
of fish carcasses that fertilize the forests but the nitro-
gen-rich droppings from the bears and smaller preda-
tors that do the trick. Even when there are some scraps 
of salmon left after a feast, these final remains are con-
sumed by insect maggots that void their own excreta 
to the forest floor. It is not the leaving of parts of dead 
bodies around that feeds the forest — those trees are 
supercharged by the powerhouse of poop.

Yet in other environments, animal droppings 
have caused problems. When cattle farming was ex-
panded in Australia, the tremendous increase in cow 
chips caused extensive fouling of the pastures that 
swamped the natural recycling mechanisms in the 
soil. The beetles that thrived on cow manure became 
overwhelmed, and huge amounts of flies were hatch-
ing from the maggots that munched the masses of 
manure. Dung beetles of the genus Onthophagus were 
introduced to help manage the surplus, and the idea 
worked: the billions of flies disappeared and the bury-
ing of excreta by the beetles in the soil restored the 
ecological balance. 

In most soil, the majority of the dirt is comprised of 
the excreta of earthworms. Charles Darwin recognized 
the importance of this process and devoted much of his 
life to studying the worms whose casts gave so much 
to the soil. He estimated that an acre of good soil was 
home to over 60,000 earthworms and calculated that 
they would add 2 in. of new topsoil every 10 years. 
He concluded: “It may be doubted whether there are 
many other creatures which have played so impor-
tant a part in the history of the world.” And, when 
the Rothamsted Experimental Station carried out sci-
entific surveys, they found that low quality earth can 
actually support 250,000 earthworms per acre (62/m2), 
while an acre of the richest farmland provides home 
for 1,750,000 earthworms (432/m2). This is an extraor-
dinary finding: there is a greater weight of earthworms 
below the surface than the livestock above. Little won-
der that, in his lifetime, Darwin’s book on worms sold 
more copies than his book on evolution. It is earth-
worm excreta that has created our farmland. 

There is energy in animal waste. The early settlers 
of the Great Plains took to using dried buffalo dung 
as a source of fuel, and in parts of Asia, cattle drop-

pings are collected and dried as fuel for fires. Pats of 
dung are picked up and slapped onto a nearby wall 
where they dry in the sun and are then used instead 
of charcoal. The dry dung cakes are known as ghunte 
in Bangladesh, komaya in India, and kiziak across the  
Russian steppes. A more scientific harnessing of the 
energy in cattle dung has been developed, whereby the 
droppings are loaded into a bioreactor and fermented 
to produce methane, instead of being burned. In this 
system, the peasant women collect the droppings and 
deliver them to the fermenter, and piped methane is 
used instead as a fuel. In India, I was told that the idea 
may not be as effective as it seems. Women chose to 
sell the dung to the owner of the fermenter, but — in-
stead of purchasing the gas — they kept their money 
and cut wood for fuel, thus denuding the nearby land-

During the autumn salmon runs, brown bears skillfully snatch fish from  
tumbling streams. The oily fish are essential to build up fat for 
hibernation. Wildlife photographer Jon Langeland captured this dramatic 
image in Russia.

This unromantic truth has largely eluded investigators: bear poop fertil-
izes the forests. Salmon are consumed by predators, and any carcasses 
are quickly consumed by scavengers.
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scape of trees. Dung is becoming more widely recog-
nized as a modern energy source: a dung-fueled pow-
er station was opened in 2003, and there is currently 
a feasibility study in Texas for a new a dung-fueled 
electricity generating plant. The steam ship Yavari, in 
Peru, ran for many years on dried llama dung. Imag-
ine that: shit-powered shipping. In Spain, the Ingelia 
company is producing charcoal by the pyrolysis of hu-
man sewage. Their CEO, Marisa Hernández, first tried 
the idea 10 years ago, and she now plans to offer the 
product to fuel electricity generating stations.

ARTFULLY DUNG

Dung has even emerged as an art medium. In 
1998, the prestigious Turner Prize for art was award-
ed to a painter who used elephant droppings to paint 
his pictures. Chris Ofili won $25,000 for the “original-
ity and energy of his painting and his dynamic use of 
color.” Even more unconventional was the artist Piero  
Manzoni who had 90 tin cans produced — each con-
taining his own excrement — which he signed and dat-
ed. One was bought for $30,000 and went on display 
at the Tate Modern gallery in London. Knowing little 
of the nature of ordure, or the microbiology of feces, 
Manzoni had the samples canned without troubling to 
sterilize them. Naturally, the continued growth of bac-
teria within caused gas pressure to build up and, one 
by one, the cans started exploding and spattering their 
odiferous contents far and wide. An equally unlikely 
use for excreta is the use of moose droppings to make 
souvenirs in Alaska and Canada, and also in Maine and 
Colorado. Tourists can purchase moose poop earrings 
and tie tacks. Moose droppings even had a festival of 

their own. Talkeetna, Alaska, is a settlement with fewer 
than 400 households and is most noted as a set-off base 
for trips into the Denali National Park. For two days 
every July they used to hold a Moose Dropping Fes-
tival in which contestants bet on numbered pieces of 
dried moose pats that were dropped onto a target from 
a helicopter or a balloon. When I was lecturing around 
Alaska recently, I was told that the event had come to 
the attention of animal rights activists who campaigned 
against it because they had misinterpreted the event. 
They had concluded that moose-dropping meant that 
live moose were being dropped from helicopters. The 
organizers in Talkeetna wrote back light heartedly, 
saying that no moose had ever been hurt; indeed, they 
added, the moose actually enjoyed the ride. An angry 
letter was the response, so the committee replied say-
ing that all the moose were specially trained, and there 
was a veterinarian on hand to ensure they were hu-
manely handled. The final protest letter was incoherent 
with anger, so the organizers took the stuffed head of a 
moose from the lobby of the town’s hotel, surrounded 
it with pillows and strapped-on cushions, and sent a 
photograph of the result in reply. Nothing more was 
heard from the protestors. 

With its complex components and rich chemi-
cal composition, human sewage sludge might seem 
to be an idea fertilizer. But there may be unforeseen 
problems. In 2002, David Lewis, a senior microbi-
ologist at the Environmental Protection Agency in 
Washington D.C., chaired a study that showed an 
inexplicably high level of Staphylococcus infections in 
areas where sewage sludge was regularly sprayed. 
He stated: “The land-spreading of sludge is a serious 
problem. We have mixed together pathogens with a 
wide variety of chemicals that are known to enhance 

One of my most vivid first impressions of India was of peasant women 
gathering cow pies from the streets and slapping them onto walls or the 
trunks of palm trees to dry in the sun. These become a vital source of 
fuel for domestic fires.

Dung has even been used to create award-winning art. Painter Chris 
Ofili created this controversial study, “The Holy Virgin Mary,” with 
elephant feces. The painting was purchased at auction for $150,000.
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the infection process. It makes people more suscepti-
ble to infections.” In 2006, a court in Georgia awarded 
damages to a farmer whose cattle were dying in the 
fields 10 times more frequently than average, when 
he showed that sludge had been used on the ground 
from where they obtained their feed. A report by the 
Associated Press showed that levels of thallium in the 
milk from those cows were more than 100 times the 
concentration permitted in drinking water — though 
no attempt was made to curtail the sale of that milk to 
the public. In 2008, another Georgia judge stated that 
the scientific evidence submitted by the Municipality 
of Augusta in favor of spreading sewage sludge was 
“unreliable, incomplete and in some cases fudged.” 
There are plenty of metals in our sewers, including 
cadmium, mercury, silver, nickel, chromium, copper, 
lead, and zinc, some of them (like silver) in anthropo-
genic nanoparticle form. A report Contemporary Per-
spectives on Infectious Disease Agents in Sewage Sludge 
and Manure by James E. Smith (JG Press, Inc.: Pennsyl-
vania, 2005) listed a range of microbial agents includ-
ing bacteria such as E. coli O157:H7, Campylobacter, 
Listeria, and Helicobacter; viruses including hepatitis, 
rotavirus, and norovirus; and parasites like Cyclospo-
ra, Toxoplasma, Cryptosporidium, Microsporidia, Balan-
tidium, Giardia, and Entamoeba. Spreading sewage can 
be a hazard to health. 

One-third of rectal contents is pure bacteria and 
most of those are E. coli. This is normally a harmless 
bacterium, and yet it is widely feared by the public 
because of the reports of death and disease caused by 
a mutant strain. The problems are caused by a strain 
of E. coli, which was originally known as verotoxin-
producing Escherichia coli (VTEC for short). It was first 
identified in 1982 in cases of life-threatening hemolytic-
uremic syndrome (HUS) and has since been reported 
worldwide. Most E. coli O157 strains produce Shiga 
toxin type 2 acquired from Shigella. This dangerous tox-
in binds to the intestinal cells, then subunits enter and 
disrupt the ribosomes so that protein synthesis shuts 
down and the cells die. Bloody diarrhea is an indicator, 
but some patients (the very old and very young) de-
velop HUS in which thrombocytopenia and renal fail-
ure occur. I spoke about this in the Evening with Brian 
presentation at Inter/Micro 2001 in Chicago (published 
as “The Disease Revolution,” The Microscope, 51:4,  
pp 209–220, 2003). Lavatory hygiene is important 
in preventing the spread of E. coli O157 and so is the 
avoidance of raw or partly cooked beef. The bacteria 
have been shown to be passed through milk and fruit 
juice and, in some cases, they have been contracted by 
children fondling farm animals in petting zoos.

THE BURGER CONUNDRUM

Could the protein in sewage be retrieved and 
used to supplement the global food supply? There 
have been some excitable news articles suggesting 
we could make food from feces. The idea featured 
in a startling video posted by ahscotty on YouTube 
(www.youtube.com/watch?v=lscSKq3kzbo), and 
Digital Trends reported: “Japanese scientists have 
actually discovered a way to create edible steaks 
from human feces.” (www.digitaltrends.com/cool-
tech/japanese-scientists-creates-meat-out-of-feces/). 
Fox News picked it up, saying there’s no reason why 
we shouldn’t all tuck into “turd burgers.” (www.
foxnews.com/science/japanese-scientists-create-
meat-from-poop), and many other commentators 
enthused over the idea. The reports featured a Pro-
fessor Mitsuyuki Ikeda, who had apparently been 
conducting his research at the Okayama Laboratory 
in Japan. In the video, he meticulously explained the 
process: how the bacteria are separated and sterilized 
and how they are formed into burgers. An analytical 
breakdown of the product was provided: 63% pro-
tein, 25% carbohydrate, 9% minerals, and only 3% fat. 
Academic nutritionists were clearly impressed. Re-
porters for the website MyHealthNewsDaily spoke 
to a specialist in food safety at Kansas State Univer-
sity, Professor Douglas Powell, and quoted him say-
ing that, in principle, it was a sound idea. The video 
soon attracted a global audience, and I began to show 
it in my public lectures on the future of food. Yet it 
was a strange movie: the professor used a toy plastic 
hand to point out the components of his experiment, 
and in one sequence he was seen taking feces from a 

Professor Mitsuyuki Ikeda appears in a video demonstrating the 
manufacture of “turd burgers” from bacteria in Japanese sewage. The 
film became popular among nutritionists, though I have investigated its 
origins — it’s a joke.
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toilet bowl. There was a sign on his refrigerator that 
read SHIT BURGER, and I soon realized that it had 
all the signs of being an elaborate hoax. 

When I looked into the subject, I found the origi-
nal report about the Japanese sewage burger had 
been published years before (Rafferty, Kevin, “And 
Now the Recycled Burger,” The Guardian, p 1, Oct. 15,  
1993). In Montreal, Canada, the director of the Office  
for Science and Society at McGill University, Joe 
Schwarcz, has also concluded it was just a joke and 
posted his conclusions on their website, www.mcgill.
ca/oss/article/food-health-quirky-science-technology/
japanese-scientist-and-his-crappy-meat. He said he 
had searched on PubMed and concluded that Profes-
sor Ikeda “doesn’t exist,” and he also decided that 
the laboratory was equally unreal. But search more 
diligently, and the truth will start to emerge: yes, Pro-
fessor Mitsuyuki Ikeda is certainly the name of a real  
person. He appears as a participant in the World  
Conservation Union international symposium on sus-
tainable development which was held in Japan in 2003, 
but I have found no sign of him since. The Okayama 
Laboratory is also a real institute. This is the headquar-
ters of the Hayashibara Company at Nihon-Seimei 
Okayama, Building II Shinkan, Shimoishii, Kita-ku 
in Okayama. They give a foundation date of 1883 and 
state they are concerned with cosmetics, health food 
ingredients, and functional dyes. I asked them about 
the spoof, but they didn’t want to comment. Both the 
man and the laboratory are real enough — but the 
documentary film is just a joke. It is exquisitely done, 
though I still cannot find out who made it.

WHAT A RELIEF

There is plenty of excrement around. Each hu-
man relieves themselves of about a pound per day 
(roughly 450 g), therefore, with the current popula-
tion around 7.7 billion people, that yields more than 
3,800,000 tons produced in a single day by humans 
alone. Add the excrement from other forms of life, and 
the global total of must be around 200 billion tons each 
day. Sometimes the reality strikes home hard. On the  
Antarctic island of South Georgia live some half-
million king penguins. So densely are they packed, 
that the coast from Elsehul Bay to Salisbury Plain on 
South Georgia is calculated to have more wildlife per 
square foot than anywhere else in the world. In one 
bay I stood surrounded by 150,000 king penguins, and 
it was a stunning experience — but nobody forewarns 
you about the 150,000 deposits of penguin poo that ac-
company them. The stench is unforgettable. After my 
Antarctic tour, I spoke to a senior member of the de-
partment at Cambridge University, who told me that 
he still kept clothes in a box at home for over 20 years 
from which it had proved impossible to eradicate the 
smell of the penguin. I believe it. 

Excretion is one of the fundamental propensities of 
all living things. Every animal does it and, as we saw 
in Critical Focus six years ago, so do vascular plants 
(“A New Theory on Old Leaves,” The Microscope, 61:3, 
pp 121–129, 2013). It is a subject of wide importance. 
Dung has even been used as a building material. (The 
upstairs walls of my house, built in 1775, are plastered 
with a mix containing cow-dung and horse hair.) Cob 
is a traditional earthen construction material that often 
contains dung. Not only is cob still used, but The New 
York Times reported on Aug. 29, 2016 that Gianantonio 
Locatelli, a dairy farmer near Milan in northern Italy, 
has pioneered using cow manure to manufacture clay 
tiles (he calls the new product “Merdacotta”), which are 
fast becoming an item of fashionable modern homes.

And so our brief survey of the science of excrement 
shows just how important it is, and how interesting is 
its investigation. From explosives to art, and from fuel 
to tourist trinkets, the study of feces throws light on 
so many ostensibly unrelated aspects of civilization — 
and even explains why there are so many people of 
Irish descent living in New York. This branch of scien-
tific study alone can explain more aspects of our mod-
ern world than most of what you see on television. You 
might sensibly propose that the subject should be bet-
ter known to the public … even taught in our schools.

I’d pass that motion.

Visiting the Antarctic island of South Georgia overwhelms the senses 
with a colony of 150,000 king penguins. What people forget to mention is 
the stench from 150,000 deposits of penguin feces; the repulsive odor is 
penetrating and can persist in protective clothing for decades.


