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FORESTS AND WATER

OUR STORY BEGINS IN A PLACE THAT'S BEEN CALLED THE
MOST FAR-FLUNG INHABITED ISLAND IN THE WORLD: EASTER
ISLAND, A 64-5QUARE-MILE SPECK N THE PACIFIC OCEAN,
2300 MILES FROM ANYWHERE.

“HOW INAPPROPRIATE TO CALL THIS PLANET GARTH, WHEN
CLEARLY IT {5 OCEAN.”

—ARTHUR ¢. CLARKE




REMOTE, BUT NOT {
DESERTED... FROM TIME

TO TIME VISITORS DROPPED ;:/“f‘r:e“ Gl’;‘g‘é\’.
BY... LIKE THE DUTCH OF Gop!
ADMIRAL ROGSEVEEN N :
1722. ARRWVING ON GASTER
SUNDAY, HE NAMED THE
ISLAND AFTER THE DATE OF
ARRIVAL, AND LEFT THE
FIRST WRITTEN ACCOUNT OF
THE PLACE AND THE PEOPLE
WHO LIVE THERE.

ACCORPING TO ROGGEVEEN AND OTHER 18TH-CENTURY REPORTS, SOME 3000
I5LANDERS EKED OUT A WRETCHED EXISTENCE BY FARMING BANANAS, SUGAR
CANE, AND SWEET POTATOES FROM POOR, ROCKY SOIL. THE ONLY FRESH WATER
CAME FROM MURKY LAKES INSIDE VOLCANIC CRATERS. THERE WAS SCARCELY A
TREE ON THE ISLAND, AND THE PEOPLE WERE “SMALL, LEAN, TIMID, AND
MISERABLE.”

—
~ AND
ﬂofu EXPECT
T0 BE TALL,

FAT, AND SELF-
SATISFIED
FOREVER?




BUT AMIDST THE SQUALOR
WERE SOME SURPRISES...
ESPECIALLY SOME 800
MASSIVE STONE
STATULS SCATTERED
ACROSS5 THE 1SLAND,
SHOULDER TO SHOULDER,
THEIR BACKS TO THE SEA.
HOW WERE THEY CARVED?
HOW QUARRIED? HOW
MOVED? HOW ERECTED?
AND BY WHOM?

WHEN THE EUROPEANS ASKED WHERE THE STATUES HAD COME FROM, THE
ISLANDERS 6AVE THIS REPLY:




rFAlLlNé TO RECOGNIZE $ARCASM WHEN THEY HEARD IT, THE EUROPEANS
EMBARKED ON A SERIES OF WILD SPECULATIONS THAT HAVE CONTINVED TO
THE PRESENT DAY: SPACEMEN SET UP THE STATUES WITH ANTI-GRAVITY
DEVICES... A KIGHLY CWVILIZED LOST CONTINENT UAD SUNKEN INTO THE
SEA, LEAVING ONLY EASTER ISLAND BEHIND.. THEY WERE FLUNG INTO PLACE IN
ONE PIECE BY VOLCANIC ERUPTIONS, ETC. ETC. ETC.

{ ARE A MHS5

Bzt RALLYCINATION.

HE| Mey AREN'T
TMERE- No

Y. REAlTy

SINCE THE \SLANDERS
HAD EVTHER FORGOTTEN
WHAT HAPPENED OR
DIDN'T FEEL LIKE
SHARING, \T WAS LEFT
TO WESTERN SCIENTISTS
AND HISTORIANS TO
PIECE TOGETHER THE
STORY WITH CALIPERS,
SHOVELS, MICRO-
$COPES, ANV ETHNO-
GRAPHIC SURVEYS.

I
So.. TELL m

ABOUT YouR
KINSHIP SNSTEM...

AND HERE 15 WHAT THEY FOUNP OUT..



(Akouuv THE YEAR 400,
EASTER \SLAND WAS
COLONIZED BY
POLYNESIANS.
VARIOUS FEATURES OF
THE 1SLANDERS’ SKULLS,
THEIR BLOOD TYPES,
SOCIAL SYSTEM,
LANGUAGE, AND CROPS
ARE ALL POLYNESIAN.

THE FIRST
THING b — PO
SOMETHING ABOUT
ALL THESE TREES!

POLLEN SAMPLES TAKEN FROM LAKE BEDS SHOW THAT THE ISLAND WAS THEN
THICKLY COVERED WITH VEGETATION. HACKING OUT CLEARINGS FROM THE
JUNGLE, THE POLYNESIANS BUILT AND PLANTED, AND SOON THEY ENJOYED A
TYPICAL POLYNESIAN DIET OF YAM, TARO, BREADFRUIT, BANANA, SUGAR,
COCONUT, CHICKEN, AND POLYNESIAN RAT (SMALL AND TASTY!).

B\
PARADISE ... IN
PARMONY WA\TH
NATURE... THRoW
H ANOTHER LoG ON
2 THE FIRE... AND
PASS THE RAT-

( THEIR LIFE WAS RICH.. THEIR BABIES THRIVED.. THEY POPULATED THE ISLAND )
WITH LITTLE EFFORT.. AND IN THEIR COPIOUS $PARE TIME, THEY CARVED STONE
MONUMENTS, ESPECIALLY STATUES.




THE $TATUES WERE MOVED
AND SET UP WITH LOG% AND
ROPE. RECENT EXPERIMENTS*
HAVE PROVED THAT WHEN A
STATUE 'S STRAPPED UPRIGHT
ONTO LOG% CARVED INTO
SLED RUNNERS, AND RAISED
ONTO A TRACK OF WOOVDEN ] E R

ROLLERS, A COUPLE OF A0 )\ \s -
DOZEN PEOPLE COULD PULL : ;

IT EASILY!

THE PROBLEM \

b STOPPING

*BY AMERICAN 6EOLOGIST CHARLES LOVE.

%0 THEY CUT POWN A LOT OF TREES, NOT JUST FOR ROLLING STATUES, BUT
AL50 FOR FIREWOOD AND BUILDING MATERIAL...

AND BY THE YEAR 1400, THERE WAS SCARCELY A TREE LEFT STANDING ON
EASTER ISLAND.. ‘

AND WHAT 6000 ARE TREES??
YOU MISUT ASK.. READ ON..
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- ‘ TO UNDERSTAND THE ROLE OF TREES,
y WE NEED TO LOOK AT THE WAY
PRGN , WATER MOVES AROUND THIS WATERY

PLANET OF OUR®.

. ANE Y
ﬁf?\

(oNDENSATION
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EVAPORATION PrecierTATION W\
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CLOUDS HOLD MOISTURE, WHICH FALLS A% RAIN (OR $NOW, BUT NOT IN
POLYNESIA!. (T FALLS WITHIN A WATERSHED, AN AREA THAT COLLECTS
SMALL STREAMS INTO A MAJOR RIVER, AND ULTIMATELY RUNS TO THE SEA.
WATER GVAPORATES FROM LAND AND SEA INTO THE AR, WHERE IT CON-
PENSES INTO LLOUDS, AND THE CYCLE 15 COMPLETED. WATER IN THE
ATMOSPHERE 15 FULLY REPLACED EVERY 12 DAYS.




WHEN PRECIPITATION FALLS
IN A FOREST, THE WATER HAS
- MANY OPTIONS: SOME BARELY
PENETRATES THE 6ROUND
BCFORE T 16 TAKEN LP BY
ROOTS AND PASSED BACK TO
THE AIR BY TRANSPIRATION
(PLANT BREATHING). SOME
GOES DEEPER, ALL THE WAY
TO THE GROUNDWATER.

HERE ARE 50ME
OTHER POSSIBLE

(WHAT'S 6ROUNDWATER?
DI6 A DEEP ENOUGH HOLE
IN THE 6ROUND, AND YOU'LL
HIT WATER. THAT'S 6ROUND-
WATER. THE TOP OF THE
GROUNDWATER 15 THE
WATER TABLE.)

WATER TABLE —> NI RETATR X
SO

250K XIS ILCIAAI IR

GROUND WATER —— | ORISR

FOREST S0\L HOLDS A LOT OF AROUND HALF THE TOTAL VOLUME OF
WATER BECAUSE IT'5 50 POROUS: | FOREST 50IL 1S EMPTY SPACE!

A MIXTURE OF (LAY, SAND, AND
DECAYING ORGANIC MATTER, THE
50\L 16 HONEYCOMBED BY .
CHANNELS MADE BY ROOTS,
BURROWING ANIMALS, AND FUNG!.
THE TOP LAYERS TEEM WITH
BACTERIA, WHICH BREAK DOWN
ORGANIC COMPOUNDS INTO
CHEMICAL NUTRIENTS THAT
DISSOLVE N WATER, DRIP DOWN,
AND ARE TAKEN UP BY ROOT
SYSTEMS.




fBY CONTRAST, OPEN LAND HAS LESS BIOLOGICAL ACTIVITY AND S0 HOLDS LESS )
WATER.

%0 Tue PLANTS
AND ANIMALS
fowp moee!

T I 7 i

TREES ARE GIANT WATER
PUMPS, MADE UP OF ROOTS
AND LEAVES CONNECTED BY A
SIMPLE PLUMBING SYSTEM. THE
ROOTS SUCK UP WATER AND
DISSOLVED MINERALS, WHICH
TRAVEL UPWARD THROUGH TI5-
SUE BENEATH THE BARK TO THE
LEAVES, WHERE THEY ARE
CONVERTED INTO SV6AR AND
PROTEINS. THESE FOODS TRAVEL
BACK POWN TO THE ROOTS TO
SUPPORT THE ROOTS FURTHER
GROWTH. THE LEAVES ALSO
EXHALE A LOT OF WATER VAPOR
BACK INTO THE ATMOSPHERE.

foQv
ROPVUCT/oN

UNDERGROUND, HUNDREDS OF MILES OF TREE ROOTS
ANCHOR THE TREE TO THE 6ROUND AND HOLD THE
%01 IN PLACE. MARVELOUS THING, A TREE!

9



FALLING LEAVES MAKE UP A 72
600V PART OF THE DEAD %
ORGANIC MATTER ON THE
GROUND. SHADE REDUCES
EVAPORATION FROM THIS
MATERIAL, AND 50, IN A SENSE,
THE TREE MANUFACTURES
THE SOIL IN WHICH IT
GROWS.

GREEN WVTH
GRETTUDE !

THIS TAKES TIME, OF COURSE. FIRST, SMALL
PLANTS PRODUCE A LITTLE TOPSOIL, WHERE
BIGGER PLANTS CAN GROW. EVENTUALLY,
ENOUGH NUTRIENT-RICH EARTH BUILDS LP
TO SUPPORT A FOREST, WITH ALL 1T%
TEEMING SPECIES.

WHAT HAPPENED ON EASTER ISLAND? WHEN A TREE 15 CUT POWN AND 115
ROOT% DIE, THE TOPSOIL LOSES 1T% ANCHOR. 4 TO 5 FEET OF EARTH MAY
EVENTUALLY BE WASHED AWAY, AND THERE 15 NO QUICK WAY TO REPLACE IT.

\\""

N \\\‘C\\

N > ) \\\‘\ﬁ

R . \\‘\ ,\‘v
- SN
A \\t\‘,’/'

/\Q (AN 7
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WITHOUT FORESTS TO ABSORB RAIN AND REPLENISH GROUNDWATER, THE ISLAND’S
STREAMS AND SPRINGS DRIED UP.. THE AR BECAME LESS HUMID, AND RAINFALL
DIMINISHED. AS FERTILE TOPSOIL ERODED, CROP YIELDS FELL.. THERE WAS NO
WOOPD FOR HOUSES... NO FIBERS FOR FISHING NETS OR SAILCLOTH, NO LOGS
FOR CANOES...

/N‘D WOoRST
OF ALL: wi\tHOUT
CANOES, No

ESCAPE!

R
A "h,
'JJ“"!( R

" AL AL r,l' , M
: .Sn:' NN "h ":,:HE
M“‘ ks

RIVALRY FOR RESOURCES LED TO PERMANENT WARFARE. UNFORTUNATELY, CLAN
PRESTI6E WAS DISPLAYED BY ERECTING STATUES, 50 THE LAST TREES WERE
PROBABLY CUT DOWN IN A FRENZIED EFFORT TO $HOW OFF...

THE POPULATION PEAKED AT AROUND
7000 PEOPLE IN 1550 AND COLLAPSED
50 QUICKLY THAT SOME 400 STATUES
WERE LEFT UNFINISHED IN THE
QUARRIES.

y
WHAT T REDUCING THE
Dor NGA R:o\,'..‘%y ROPUCATY ou

BUT THE RIVAL CLANS FOUGHT ON...

THEY PULLED EACH OTHERS' STATUES
POWN... AND BY 1860, EVERY STATUE
ON THE ISLAND HAD BEEN TOPPLED.

Ul lﬂﬁl\l l‘lm " il



THE POINT OF THI5 $TORY
16 NOT THAT THE PEOPLE
OF EASTER 1SLAND WERE
SOMEHOW STRANGE, SILLY,
OR DIFFERENT FROM ANY-
ONE ELSE. QUITE THE
CONTRARY: LIKE THE REST
OF U$, THEY WERE
CREATURES OF HABIT,
AND THEIR WAY OF LIFE—
FARMING, FORESTRY,
BUILDING, AND DISPLAY—WAS
HARD TO CHANGE.

7

EASTER 1SLAND 15 VERY SMALL. FROM IT5 SUMMIT YOU CAN SEE THE WHOLE
THING. THE PERSON WHO CUT DOWN THE LAST TREE MUST HAVE KNOWN THERE
WERE NO MORE—AND STILL HE CUT {T POWN.

OUR PLANET, WHILE MUCH LARGER, 15 STILL FINITE. LIKE THE \SLANDERS, WE
TOO CAN SEE IT ALL, AND LIKE THE ISLANDERS WE HAVE NO MEANS OF
ESCAPE. 15 IT STILL POSSIBLE THAT WE CAN TAKE $TOCK OF OUR RESOURCES
AND CHANGE OUR HABITS IN TIME TO AVOID THE FATE OF EASTER I5LAND?

—
oR MWAYBE AFTER WORK.. =
$ y::\\
VOCUMENTARY T Rz AR

€5... IN
ToMORROW IS Goop_ g A .
( NS WA W .
\T‘;H Lﬁ"“\“\ ‘\\i Nz i
WANT o CATCH i om0tk
Ol THE Tuge .bi?‘/é« UVl
ToNIGHT... C -

\|
JUST A MWUTE...
THERE'S A NATURg :
Caslin
i
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o CLUAPTER e

"~ MORE CYCLES

THE WATER CYCLE, OR HYDROLOGIC CYCLE A5
SCIENTISTS CALL 1T, 15 ONLY ONE OF THE CHEMICAL
CYCLES ENGINEERED BY LIFE. THE EARTH'S ELEMENTS

CONSTANTLY MOVE AROUND IN ENORMOUS,
INTERLOCKING LOOPS, CREATED AND DIRECTED
BY LIVING ORGANISMS.

<) CARBoON,
| é\ N
'\‘\\\\‘ ' l’llli% )
@0 25 ); /S"' S~
Q /-\/" ’




)

TAKE OXY6kN, FOR EXAMPLE.. WHEN THE EARTH WAS YOUNG, SOME 4 BILLION
YEARS AGO, THERE WAS LITTLE FREE OXYGEN N THE ATMOSPHERE. THEN LIFE
APPEARED, AND SOON THERE WERE MICROBES CALLED CYANOPBACTERIA, THEN
LARGER CREATURES CALLED PLANTS, THAT EXHALED PURE MOLECULAR OXYGEN
(0,) A5 A WASTE BY-PRODUCT.

A5 OXYGEN LEVELS ROSE, A NEW BREED OF ORGANISM APPEARED, ONE THAT
WAS CAPABLE OF INHALING OXY&EN, A PROCESS CALLED RESPIRATION.
THESE WERE THE ANIMALS. (PLANTS ALSO INHALE A LITTLE OXY6EN FOR
PART OF THEIR METABOLISM.) THE OXY6EN CYCLE WAS BORN: PLANTS, ON
BALANCE, 6IVE IT OFF, WHILE ANIMALS SOAK IT UP.




ANIMAL POPULATIONS
SWELLED TO CONSUME
THE ABUNDANT
OXYGEN, UNTIL A
LIMIT WAS REACHED,
AND THE WHOLE
SYSTEM CAME INTO
DYNAMIC BALANCE.
FOR THE PAST 2
BILLION YEARS, PLANTS
AND ANIMALS HAVE
HELD THE OXY6EN
LEVEL AT A VERY
STEADY 21% OF THE
TOTAL ATMOSPHERE.

o »
‘r / ’
\\

/

-~

AND OTHER CHEMICALS.

IMPORTANT NOTE: AS
IT HAPPENS, ANIMALS
EXHALE CARBON
DIOXIDE 6A$ (co,),
WHICH PLANTS ABSORB AS A RAW
MATERIAL FOR BUILDING THEIR CARBON-
BASED TISSUES. PLANTS ARE CALLED

TROPUCERS

BECAUSE THEY MAKE (“PRODUCE”) LIVING MATTER, ANp
ORGANIC MATTER DIRECTLY FROM (O,

ﬁ.::fem ALL

WHAT Do WE GET

ANIMALS, ON THE OTHER
HAND, ARE

NGRS

THEY G6ET FOOD BY EATING
PLANTS OR OTHER ANIMALS!




ONE INTERPRETATION OF THE
OXY6EN STORY 15 THAT THE
TOTALITY OF LIFE ON
EARTH REGULATED THE
ATMOSPHERE: LIFE CREATED
AND MAINTAINED CONDITIONS
FAVORABLE TO THE GROWTH BELIEVE
OF MORE LIFE. COULD THIS BE !
TRUE OF OTHER (YCLING
CHEMICALS AS WELL?

N THE 1970%, THE BRITISH CHEMIST JAMES LOVELOCK AND AMERICAN
BIOLOGIST LYNN MARGULIS PROPOSED THE GAIA (6UY-UH)
HYPOTHESIS: THEY SUGGEST THAT THE WORLD

15 AN INTERCONNECTED, BIOLOGICAL BEING,
WHOM THE SCIENTISTS CALLED GAIA AFTER
THE GREEK EARTH 6ODDESS.

—\
LOVE

YOUR GREEN ©
OUTF\T,

NP % @
t 3

THE GAIA HYPOTHESIS SAYS THAT LWVING SYSTEMS ACT AS ENVIRONMENTAL
REGULATORS, ENSURING THAT CHEMICAL LEVELS STAY WITHIN LIMITS
CONGENIAL TO GAIA'S HEALTH.

\'M STRONG!
1 CAN TAKE
CARE OF
M‘/GELF.‘

ME AT Youk
PERIL !




FOR ANOTHER EXAMPLE, SALT 15 CONTINUOUSLY WASHED FROM LAND TO SEA,
YET THE LEVEL OF OCEAN SALINITY HAS BARELY CHANGED SINCE LIFE BEGAN.
LOVELOCK SVG6ESTS THAT CORAL REEFS EXTRACT SALT FROM THE OCEAN BY
WALLING OFF EVAPORATION POOLS, WHUERE SALT 15 ISOLATED FROM THE SEA.

Ay SALT
ocesn  FEEF eyampraTION PooL
WATER e
A 7Y N

,\#‘\_’ M /

- =" & NG ﬁ\: e \/ \
————— SN e * ™t - =

& SN T o

I T SR—— '
P T e T T

ﬁu LOVELOCK AND MARGULIS’ VIEW, THE ABIOTIC (NONLIVING) WORLD—THE W
ATMOSPHERE (605), HYPROSPHERE (WATER), AN SEOSPHERE (TUE

HARD STUFF)—15 REGULATED BY THE BIOSPHERE (TUE LWING WORLD). THE
ECOSPHERE s THE INTERACTION BETWEEN THE BIOSPHERE AND ALL THE
WORLD'S ELEMENTS.

OM, THAT
SCIENCE SHoP

THE GAIA THEORY %AYS THAT WHENEVER AN ABIOTIC CONDITION BEGINS TO GET
OUT OF HAND, LIFE RESPONDS IN SOME WAY THAT PULLS THE CONDITION BACK
LUNVER CONTROL, PAMPING POWN THE FLUCTUATION.

17



[ IN THIS WAY, LIVING SYSTEMS
(REATE FEEDPBACK LOOPS.
THEY RECEWE INFORMATION
ABOUT THE ECOSPHERE AND
REACT TO IT. THIS REACTION
PRODUCES A CHANGE, AND
ANOTHER REACTION...

LOVELOCK AND MARGULIS BELIEVE (OR HOPE) THAT THESE FEEDBACK LOOPS
ARE MAINLY STABILIZING AND REGULATORY. A CONDITION MAINTAINED IN THIS
WAY 15 CALLED HOMEOSTASIS, A DYNAMIC STEADY STATE, FULL OF FLUX
AND CHANGE, BUT ULTIMATELY TUNED TO OPTIMIZE CONPITIONS FOR LIFE.

TROUGA Ve
PEsN FEELING
h BT YEAKED
LATELY...

(TI-IIS VERY ATTRACTIVE IDEA CONTAINS A 600D DEAL OF TRUTH.. BUT AS WE'LL )
SEE LATER, FEEDBACK LOOPS CAN ALSO BE DESTABILIZING, AND THE GAIA
HYPOTHESIS REMAINS CONTROVERSIAL.

WHAT You PECPLE
ARE DOING NOW MIGHT
EVEN BE BEYOND MY
REGULATIRY  POWERS!

" BUT TRUE OR FALSE, THE GAIA HYPOTHESIS
REMINDS U% TO THINK OF THE BIOSPHERE A%
A SINGLE GIGANTIC SYSTEM,

/

18



OF THE 90+ NATURALLY

OCCURRING ELEMENTS ON

EARTH, ABOUT 40 ARE REQUIRED

BY LIVING ORGANISMS. SINCE

VIRTUALLY NO NUTRIENTS COME

FROM OUTER SPACE, THESE

ATOMS ARE CONSTANTLY ©
RECYCLED. A CARBON ATOM ON

YOUR NOSE MAY HAVE ONCE

BEEN A TRICERATOPS’ TOENALL.

[ THE MACRONUTRIENTS—THOSE NUTRIENTS WE NEED IN LARGE QUANTITIES—
ARE CARBON, OXYGEN, HYDROGEN, NITROGEN, PHOSPHORUS, SULFUR, CALLIUM,
AND POTASSIUM.. THESE ELEMENTS MAKE UP MORE THAN 95% OF THE MASS OF
ALL ORGANISMS, AND THEY MOVE AROUND A LOT. FOR EXAMPLE:

4. (ARBON AToM

GOES THRoUGHK .
1. CARBOW ATOm .
ENTERS BLOODSTREAM 1IORE CUAREES, /

. O .
'- ; YQUR.NDSE. .

MICRONUTRIENTS

.‘S_-p- .." ._.."‘-" ..:
B e N e TR - INCLUDE 2ING, IRON,
BY BACTERIA- 3. DACTERA MRE STURED  COPPER, CHLORINE,
\. VOLCANOES ! AND |ODINE. y
P ——

7 IU4T VoING BAINS

WHEN A (REATURE DIES
vE(dC(oué PIRTY

AND 15 BURIED IN
SEDIMENTS, 1T5
ELEMENTS SINK BELOW
G6ROUND AND ARE LOST
FOR EON5—UNLESS
SCAVENGERS EXTRACT
KEY ELEMENTS FROM
THE CORPSE AND
SPREAD THEM AROUND.



IF ORGANIC MATTER DOES SINK
UNDERGROUND, |\T USUALLY RECYCLES
VERY SLOWLY. IT MAY NOT COME UP
AGAIN FOR MILLIONS OF YEARS, UNTIL
ERO%ION OR GEOLOGICAL UPHEAVAL
EXPOSES IT.

GASEOUS ELEMENTS—OXYGEN, NITRO-
GEN, AND CARBON (IN CARBON
DIOXIDE)--CYCLE RAPIDLY, BECAUSE THE
AR 15 FULL OF THEM AND BLOWS
THEM AROUND. THEY MAY RECYCLE
INTO LIFE AND OUT AGAIN WITHIN
HOURS OR DAYS.

\T'% %0
EA9Y To MOVE
UP HERE!

IN SHORT, THE RATE OF BIOGEO-
CHEMICAL RECYCLING DEPENDS
LARGELY ON THE ACCESSIBILITY OF
THE ELEMENT'S MAIOR RESERVOIR.

BETWEEN THESE EXTREMES ARE
MEDIUM-TERM CYCLES OF ELEMENTS
CIRCULATING THROUGH THE
HYDROSPHERE AND OTHER LIVING
ORGANISMS.




EACH ELEMENT HAS A
CYCLE, BUT WE PO NOT
FULLY UNDERSTAND HOW
ALL OF THEM ARE
REGULATED.

THERE'S %D
MUCK We DON'T
KNOW ARoUT
You!

BEST KNOWN ARE THE THREE BI6 ONES:

CALL YOURSELYVES
“SAPLENS!™

PR

NTROGEN

(AN ESSENTIAL INGREDIENT OF PROTEINS AND -
DNA): ALMOST 80% OF THE ATMOSPHERE 15
PURE NITROGEN (N,), A FORM WHICH 15
USELESS TO MOST ORGANISMS.

‘r

KO

ATMOSPHER I ,,g;',‘v\
NITROGEN c /
il

%x
A B
AEL

” ~ N
Z7RAN\ R\ N,
NOy

BUT CERTAIN BACTERIA, ESPECIALLY
THOSE LIVING ON ROOT NODULES
OF PEAS, BEANS, ALFALFA, ALDER
TREES, ETC., CAN FIX NITROGEN, LE,
CONVERT IT TO NITRATES (NO,) AND
tumouu (NH,).

/

FIXED NITROGEN 15 TAKEN UP
AND USED 8Y OTHER PLANTS,
WHICH MAY IN TURN BE EATEN
BY ANIMALS.

21



-
o' THE BASIC BUILDING
/ | 1 BLOCK OF ALL LIFE:

CARBON 15 FOUND IN THE AR, AS e

CARBON DIOXIDE, CO,, IN WATER,

A5 DISSOLVED CO,, AND IN THE @ O/ \?/
6ROUND, AS CARBONATE ROCKS

(500, LIMESTONE, CHALK) AND
OTHER COMPOUNDS. (C)

_ ®)
co, RN /'Coz THESE COMPOUNDS ARE
- -~ EATEN BY CONSUMERS, 50
< 7 THE CARBON MOVES FROM

GREEN PLANTS USE PLANT TO ANWMAL.

PHOTOSYNTHESIS TO
BUILD SUGARS AND
CARBOHYDRATES
FROM €O, AND
WATER, WITH
SUNLIGHT PROVIDING
THE ENERGY.

SOME RETURNS TO THE AT-
MOSPHERE AS EXHALED (O, .
.

gg:oc.vev
AND
OTHER

BOTH PLANTS AND ANWALS DIE AND DECOMPOSE, RELEASING go":}f,g‘w o

MOST €O, BACK INTO THE AIR, BUT AL50 DRIPPING OTHER
CARBONACEOUS COMPOUNPS INTO THE $OIL.

%%gﬁf’;b@? =2

- /' - - ™
' ‘v'/‘ .V“ "‘. - OQ -y -“.-""- _,’_.‘; - .b*-
T a. ww C —— “__

-

-—-—-“-‘_ UNDPERGROUND, SOME CARBON 15
e — SEQUESTERED WN FOSSIL FUELS:
] PEAT, COAL, OIL, AND NATURAL GAS.

'5
\
]

J/
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VLGS PEORUS

15 A KEY ELEMENT IN METABOLIC ENERGY
TRANSFERS, BONES AND TEETH, AND OTHER

TIS5UES AND MOLECULES. IT MOVES IN A 0
SEDIMENTARY CY(LE.
MostuiTe
PO,

THE MAIN RESERVOIR OF Z
PHOSPHORUS & PHOSPHATE
ROCKS N SEDIMENTARY BEDS 2
LAID DOWN IN THE PAST. WATER =~ 4%
DISSOLVES THE PHOSPHORUS OUT A
OF THE ROCKS INTO THE 5OIL, / 222
WHERE PLANTS ABSORB (T '

THROUGH THEIR ROOTS. ANIMALS £

00 28 228
////'

%2 FOR AGES.

(o)

\g

lok

IN THE WATER, FISH G6ET

PHOSPHORUS BY EATING

PLANKTON AND THEN

REDEPOSIT IT ON THE

OCEAN FLOOR WHEN THEY

DiE. FISH AND BIRDS ALSO
- MOVE \T AROUND.

7 AS PARTICLES SETTLE, PHOS-
@ . PHORUS SINKS INTO THE DEEP
DEEP <EA FLOOR S22 OCEMN, WHERE IT CAN REMAIN




("IN ADDITION TO THE CYCLES OF CARBON, NITROGEN, AND PHOSPHORUS, EVERY |
OTHER ELEMENT REQUIRED BY LIFE HAS T OWN CYCLE.

LIFE HAS TO WORK HARD TO
ENSURE THAT NECESSARY
TRACE ELEMENTS LIKE ZINC
AND SELENIUM, WHICH
OCCUR RARELY IN NATURE,
REMAIN AVAILABLE AND AREN'T
BURIED IN SEDIMENTS OR THE
OCEAN FLOOR.

WITH EACH OTHER IN COMPLI-
CATED WAYS WE HAVE BARELY
BEGUN TO UNDERSTAND!!

LIFE, TAKEN A5 WHOLE WORLDWIDE SYSTEM, SIMULTANEOUSLY CREATES,
MAINTAINS, AND DEPENDS ON A RICH SET OF INTERLOCKING CYCLES. AND A
600D THING, TOO! OUR LIVES LITERALLY DEPEND ON ADEQUATE SUPPLIES OF
CHEMICAL INGREPDIENTS, FROM AMINO ALIDS TO ZINC, AND THESE ARE SPREAD
AROUND THE WORLD BY THE ACTION OF COUNTLESS LIVING THINGS.

No..Nou SnouLy
SAY, “Tupulis FoR
e PHosPHoRUS!”

(AN THERE BE A BETTER REASON FOR PRESERVING THE WEB OF LIFE?
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 CCUAPTER 3

. EVOLVING SYSTEMS, STRUGGLING INDIVIDUALS

UNDER THE INFLUENCE OF LIFE, THE EARTH'S CHEMICAL CYCLES WERE
CREATED, MODIFIED, AND MAINTAINED OVER THE EONS. COMPLEX WEBS
OF ORGANISMS MOVE PRECIOUS TRACE ELEMENTS AROUND. SOME HAVE
EVEN ARGUEDV THAT THE EARTH BEHAVES LIKE A GIANT LIVING THING,
REGULATING CHEMICAL CYCLES TO ITS OWN ADVANTAGE.

AT LEAST, THAT'S HOW IT LOOKS FROM A DISTANCE, WHEN BIO-, 6EO-,
AND HYDROCHEMICAL CYCLES ARE VIEWED A9 SYSTEMS. FROM THE
STANDPOINT OF THE INDIVIDUAL ORGANISM, HOWEVER, THINGS LOOK
A LITTLE DIFFERENT. BORN INTO THIS VAST FLUX OF CYCLING CHEMICAL
RESOURCES, THE INDIVIDUAL HAS A SIMPLER, MORE SELFISH GOAL:




THE INDIVIDUAL ORGANISM STRIVES
TO &AT AND AVOID BEING
EATEN LONG ENOUGH TO
REPRODUCE SUCCESSFULLY
(1.E., 50 THE OFF5PRING SURVIVE).

Ve, s 7 B

A START,
ON'T \T?

rALTHOUGH THE INDIVIDUAL 15 PART OF THE $YSTEM, THE INDIVIDUAL’S MEE(?Sﬁ
ARE NOT NECESSARILY THE SAME AS THE SYSTEM'S NEEDS. FOR EXAMPLE, AN
EASTER ISLANDER NEEDED ONLY ONE TREE AT A TIME FOR FUEL OR
BUILDING MATERIAL, WHILE THE $OCIAL $YSTEM NEEDED A FOREST TO RUN
SUCLESSFULLY.

AGMN:
WE SET UP
STATUES To INCREASE
CLAN PRESTIGE To
IMPRONE ACCESS To
RCEASooaces $o Yoo

N RePRODycE
MORE SuCCess-
FULLY.

INPIVIDUALS ARE BORN
INTO A WEB OF $YSTEMS—
FAMILY, COMMUNITY,
SPECIES, BIOSPHERE—THAT
(REATE OPPORTUNITIES
AND IMPOSE LIMITS. AT
THE SAME TIME, THESE
SYSTEMS ARE CREATED BY
THE ACTION OF ALL THEIR
MYRIAD INPIVIOUALS.

CHICKEN-MND-E66
SITUATION !




IN THE INTERPLAY OF INDIVIDUAL AND SYSTEM,

EV0 [UONT.

INDIVIDUALS COMPETE WITH EACH OTHER FOR RESOURCES. EVERY CREATURE
TRIES TO SUSTAIN ITS OWN LIFE LONG6 ENOUGH TO REPRODUCE, AND IF THAT
MEANS SOMEBODY ELSE 60E% HUNGRY, TOO BAD!

THAT 15 ¢ R
ENVIABLE. THI% POESN'T MEAN THAT

A CREATURES DON'T COOPERATE
Q% ALSO! SOMETIMES COOPER-

ATING WITH OTHERS 15 THE
MOST GFFECTIVE WAY TO
SURVIVE.

TIGER SALAMANOER
LARVA BATING \TS
COMPETITOR

NOT ALL INDIVIDUALS ARE ALIKE: EACH ONE HAS A SLIGHTLY DIFFERENT COMBI-
NATION OF GENETIC TRAITS, AND SOME OF THESE COMBINATIONS 6IVE THEIR
OWNERS A SELECTIVE ADVANTAGE: TUE LUCKY ORGANISM 15 BETTER ABLE TO
6ET FOOD, EVADE PREDATORS, WITHSTAND HEAT AND COLD, REPRODUCE, ETC.

AND WHick ONE
oF U5 UhS THE

N

THE RESULT 15 DIFFERENTIAL
REPRODUCTION: THE FAVORED
INDIVIDUALS BREED MORE
OFF5PRING.. SOME OF THEIR
OFF5PRING INHERIT THE 6000
6ENES, 50 THEY BREED MORE
PRODUCTIVELY TOO. AFTER
SEVERAL 6ENERATIONS, THE
BETTER-ADAPTED TYPE MAKES UP
LMOﬁT OF THE POPULATION.

;




(" SOMETIMES THE DESCENDANTS WILL )
EVOLVE INTO AN ENTIRELY NEW SPECIES. oD NEWETS

WE'RE EVOLVING
INTO CHICKENS!

WHAT 15 A SPECIES? GENERALLY SPEAKING, A SPECIES CONSISTS OF ORGANISMS
THAT CAN MATE WITH EACH OTHER.. BUT THE DEFINITION 15 SOMEWHAT FUZzY;
BECAUSE SOME ORGANISMS CAN MATE ACROS% SPECIES, AND WHEN YOU START
TALKING ABOUT ORGANISMS LIKE BACTERIA, OTHER CRITERIA MUST BE FOUND.

N

— | )

EXACTLY HOW SPECIATION OCCURS
1$ NOT WELL UNDERSTOOD. MOST "ALLO
BIOLOGISTS BELIEVE IN !

a\|opatric

(“OTHER PLACE”) SPECIATION: A
SMALL POPULATION BECOMES
GEOGRAPHICALLY I150LATED IN
SOME WAY. BREEDING ONLY
AMONG THEMSELVES, ITS
MEMBERS EVOLVE AWAY FROM
THE ANCESTRAL TYPE. HUMANS
AND CHIMPANZEES DIVERGED, IT
15 BELIEVED, BECAUSE THE
ANCESTRAL SPECIES WAS DIVIDED
BY AFRICA'S 6REAT RIFT VALLEY.

S0RRY... BUT
YOU KNOW WHAT
THEY SAY ABOUT
“BIRDS oF A
FEATHER..."
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atri ‘M NOT
m C - IMPRESSED;
(“5AME PLACE™) SPECIATION
(AN INVOLVE 5EASONAL OR
HABITAT I50LATION—
POTENTIAL MATES AREN'T IN
THE SAME PLACE AT THE SAME
TIME—OR BEHAVIORAL
ISOLATION, FOR EXAMPLE,
WHEN A COURTSHIP RITUAL
DEVELOPS THAT APPEALS TO
SOME BUT NOT TO ALL.

rIN ONE WAY OR ANOTHER, THE WORLPD 15 DIVIDED INTO MILLIONS OF SPECIES.

wiTHIN A sPecies, A POPULATION 15 A 6ROUP OF INDIVIDUALS THAT
ARE ACTUALLY AVAILABLE TO EACH OTHER FOR MATING. A SPECIES MAY BE

SPREAD ACRO%% THE 6LOBE, WHILE A POPULATION TENDS TO CLUSTER
TOGETHER.*

e CAT :
GO ON MEETING
LIKE Tds!t

“EXCEPTIONS, AS ALWAYS, EXIST!
—

29
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THE S$TUDY OF HOW POPULATIONS
RISE AND FALL 15 CALLED

X@@’P @[L[*ﬁ?ﬂ@[ﬂ] W[Mlﬁ\“@&dﬂ

AN INEXACT SCIENCE WITH LOTS OF GRAPHS.

YUP. MppE
\T U? MYSELF.

FOR NOW, LET'S JUST SKIM
OVER A FEW KEY CONCEPTS.

BIOTIC POTENTIAL

15 THE MAXIMUM 6ROWTH RATE OF A
POPULATION, OFTEN WRITTEN I . IT
DEPENDS ON THE NUMBER OF
OFF5PRING, THEIR AVGRAGE SURVIVAL
RATE, AND HOW EARLY AND OFTEN
REPRODUCTION TAKES PLACE. I, 15

HARD TO MEASURE OUTSIDE THE LAB.

REPRODUCTIVE
STRATEGIES

SUPPO%ED TO ENSURE THAT BIRTHS
EXCBED DEATHS, 50 THAT THE

POPULATION WILL INCREASE UNLESS
CHECKED IN SOME WAY.

WHAT P T )|
P HAD 3000 U/

ENVIRONMENTAL
RESISTANCE

INCLUDES FACTORS THAT
LIMIT POPULATION. THESE
LIMITING FACTORS
PETERMING THE CARRYING
CAPACITY, OR THE NUMBER
OF INDIVIDUALS IN A
POPULATION THAT CAN BE
SUSTAINED INDEFINITELY IN
A G6IVEN GCOSYSTEM. THIS
15 ANOTHER HARD NUMBER
TO SPECIFY.

// ,1 -./
- 2\ __.;1 =

’xi;é: ENVIRONMEATAL
2\ RESISTANGE ?

——

.




LIMITING FACTORS COME IN TWO FLAVORS: EXTRINSIC AND INTRINSIC.

EXTRINSIC LIMITING FACTORS COME
FROM OUTSIDE THE POPULATION.
THEY CAN BE ABIOTIC (NONLIVING),
SUCH AS AVAILABILITY OF CHEMICAL
NUTRIENTS, THE LEVEL OF LIGHT,
WATER, ETC. TOO MUCH OR TOO
LITTLE OF ANY ONE ABIOTIC FACTOR
CAN LIMIT POPULATION, EVEN IF ALL
OTHER FACTORS ARE AT OPTIMAL
LEVELS.

BIOTIC EXTRINSIC FACTORS INCLUDE
FOOV 5UPPLY, PREPATORS, DISEASE,
AND THE 6ENERAL SVITABILITY OF
THE ORGANIC ENVIRONMENT.

\[< l\,\M[j\\.\ Miw [[mz it

DPON’'T WORRY,.,
T’ ONLY A
B\OTIC EXTRINGIC
LIM\TING
FACTOR...

INTRINSIC LIMITING FACTORS COME
FROM WITHIN THE POPULATION: R&-
PRODUCTIVE RATE, APAPTABILITY,

AND EVEN TERRITORIALITY: 6ROVPS |

OR INDIVIDUALS MAY STAKE OUT A
TERRITORY, FROM WHICH OTHERS IN
THE SPECIES ARE EXCLUDED. THIS
DETERMINES A POPULATION DENSITY
AND HENCE A MAXIMUM LEVEL.

3t

SOCIAL HIERARCHY CAN ALSO
LIMIT POPULATION: IN MANY SPECIES,
A DOMINANT MALE EJECTS LOWER-
STATUS MALES FROM THE GROUP AND
MAY EVEN KILL THEIR OFFSPRING.

Bi&
PADDY
BUuLL APE
HM SOME
STRONG /
OPINIONS .




DIFFERENT SPECIES ADOPT DIFFERENT REPRODUCTIVE STRATEGIES, DEPENDING
ON WHAT LIMITING FACTORS APPLY. THE TWO MpﬁT EXTREME STRATEGIES ARE:

7

I scicerion: wave masses
OF OFFSPRING IN ONE
REPROVUCTIVE SHOT, AND
THEN DIE. THIS STRATEGY
WORKS WELL IN AN
UNCROWDED ENVIRONMENT,
WHERE POPULATION MAY
EXPAND RAPIDLY, A
HAZARDOUS ENVIRONMENT
WHERE FEW SURVIVE, OR A
RAPIDLY CHANGING
ENVIRONMENT WHERE SWIFT
ADAPTATION 15 NEEDED.

Goop Luck,
K\ps, AND
GooP - BYE!

K SELECTION: AN INDIVIDUAL REPRODUCES REPEATEDLY, HAS FEW OFF5PRING
EACH TIME, CARES FOR THE YOUNG, AND HAS HIGH EXPECTATION FOR THEIR
SURVIVAL. THIS STRATEGY OFTEN WORKS WELL WHEN POPULATION 15 NEAR
THE ENVIRONMENT'S CARRYING CAPACITY, BUT IT CAN BE RISKY. IF POPULATION
DUROPS TOO FAR, K SELECTION 15 A SLOW WAY TO BUILD IT BACK UP.

¥ K K KK KKK ¥
ORANGUTANS, WITH JU5T
ONE OFFSPRING EVERY
FIVE YEARS, ARE A PRIME
EXAMPLE.
* KA I K E Fe K% -

THEN THERE 15 A RANGE OF
STRATEGIES IN BETWEEN.

= . kY, e\
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{ 6IVEN THESE INFLUENCES ON

POPULATION, WE CAN DRAW 6RAPHS
SHOWING PATTERNS OF POPULATION K- e
GROWTH.
3y
% K= CARRYING
o CAPALITY
K - -
TIME
8 ; THERE MAY BE ENOUGH INTRINSIC AND
3 EXTRINSIC CHECKS TO CAUSE THE POPU-
5 ARG LATION TO LEVEL OFF AT K.
CAPALITY
TIME

7

WHEN A POPULATION 15 SMALL COM-
PARED TO THE CARRYING CAPALITY, IT
6ROWS MORE OR LESS RAPIDLY,
DEPENDING ON ITS INTRINSIC RATE .
OF REPRODUCTION. WHAT HAPPENS
NEXT DEPENDS ON MANY FACTORS.

POPULATION
size

TIME

MORE TYPICALLY, POPULATION OVER-
SHOOTS K, IN WHICH CASE IT MAY WOBBLE
BACK TO AN EQUILIBRIUM LEVEL...

g
33 K=
S w NEW CARRYING
CAPALITY
K‘ P R s Sl T, O pepnp——

TIME

~OR HAVE A CATASTROPHE: POPULATION
GROWTH DISRUPTS THE ECOSYSTEM S0
BADLY TUAT ITS CARRYING CAPALITY 15
REDUCED, AND THE SPECIES SUFFERS A
DIE-OFF FROM WHICH IT NEVER FULLY _
RECOVERS. J




( ALTHOUGH EVOLUTION

" 15 DRIVEN BY
COMPETITION FOR
RESOURCES, THE LAST
6RAPH ON THE
PREVIOUS PAGE SHOWS
THE DANGER FOR A
SPECIES OR
POPULATION THAT
COMPETES TOO
“SUCLESSFULLY" IN THE
GAME OF LIFE.

THIS WAS
A PRETTY NICE
PLACE UNTIC
WE ATE

EVERYTHING!

IN THE WEB OF LIFE, EACH $PECIES DEPENDS ON THE SURVIVAL OF MANY
OTHERS.

A STRIKING EXAMPLE 15
GIVEN BY COEVOLUTION:
TWO (OR MORE) SPECIES
MAY COEVOLVE TO TAKE
AWVANTAGE OF EACH OTHER.
FLOWERS, FOR INSTANCE,
HAVE $TRUCTURES THAT RUB
OFF POLLEN ON NECTAR-
SEEKING BEES, WHILE BEE
HIND LE6S ARE PERFECTLY
SUITED TO ACCUMULATE
POLLEN. AS THE BEE FLITS
FROM FLOWER TO FLOWER,
IT FERTILIZES THE PLANTS,
WHICH DEPEND COMPLETELY
ON BEES FOR REPRODUCTIVE
SUCCESS.

W OTHER WORDS,
PIVERSITY 1S
HEALTHY!




BIODIVERSITY COMES IN THREE FLAVORS:

GENETIC Prya7dr7s)

15 DIVERSITY WITHIN A $PECIES. f‘-—— [$
DIFFERENT INDIVIDUALS DO HAVE ’ e 7

SMALL DIFFERENCES IN THEIR
GENETIC MAKEUP. 6ENETIC
DIVERSITY 15 HEALTHY BECAUSE IT
MAKES A SPECIES MORE ADAPTABLE
TO ENVIRONMENTAL CHANGE.

SPECIES

1 THE VARIETY OF SPECIES IN A
COMMUNITY (INCLUDING THE
BIGGEST COMMUNITY, THE
WHOLE EARTH).

THANKS
FOR THE
TI(K% AND
SHADE !

\ C ICA
i

v/

16 THE VARIETY OF FORESTS, 7, N AN |
LAKES, DESERTS, GRASSLANDS, N T RAEERA
STREAMS, AND OTHER N /7 \}\‘%;:5;1 N
BIOLOGICAL COMMUNITIES. AN / NEASSEN
/ /is\i"&//#;'a\"'é‘éff:?f RN
AN RN
RN AZN
\_- l W u ’!”4 L‘)‘I'/AZ
I AAA g e SR
. Wi WA

X



( EVOLUTION NOT ONLY GENERATES GENETIC DIVERSITY BUT ALSO DEPENDS ON )
IT. INDIVIDUAL DIFFERENCES WITHIN A POPULATION INCREASE THE LIKELIHOOD
THAT SOME VARIANTS WILL SURVIVE CHANGES IN THE ENVIRONMENT. SPECIES
AND ELOLOGICAL DIVERSITY ALSO GIVE LIFE RESILIENCY.

MM MMMYESS
EVERY Livivg
THING HAS

\TS PLACE .-
AND MINE IS
RIGHT HERE...

SINCE THESE LOCAL ECOLOGIES REGULATE THE
CIRCULATION OF RESOURCES, LET'S SPEND SOME TIME
REVIEWING THE WORLD'S LIVING COMMUNITIES, AS
THEY SHRINK UNDER THE STEADY PRESSURE OF OUR
OWN 5PECIES’ K-STRATEGIC EXPANSION.




o CHUARPTER 4

COMMUNITIES WET...

e

HMMAM...
MANBE 1 OULHT

LETS START IN THE OCEAN,
WHERE LIFE BEGAN.

THE OCEAN COVERS OVER 70%
OF THE EARTH AND 15 CONSTANTLY
FLOWING. OCEAN CURRENTS MOVE
MASSES OF WATER LONG
DISTANCES: THE WARM GULF
STREAM ALONE CARRIES 50
TIMES MORE WATER THAN ALL
THE WORLD’S RIVERS COMBINED.
SINCE WATER HOLDS HEAT, OCEAN
CURRENTS DISTRIBUTE SOLAR
ENERGY, WHILE 1TS SHEER BULK
STABILIZES CLIMATIC CHANGE. THE
OCEAN AL50 SERVES A% A
RESERVOIR OF DISSOLVED GASES
THAT REGULATES THE COMPO-
SITION OF THE ATMOSPHERE.
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- CLASSIFIED TO DATE, ONLY

OF THE 1.4 MILLION
SPECIES THAT HAVE BEEN

250,000, OR 35%, LVE N
THE OCEAN. THIS 1§ NOT
BECAUSE THE OCEANS ARE
LESS DIVERSE, BUT
BECAUSE WE HAVE SPENT
LESS TWME THERE LOOKING
FOR NEW SPECIES. DESPITE
OUR I6NORANCE, THERE
ARE A FEW THINGS WE CAN
5AY ABOUT UNDERWATER
COMMUNITIES.

)]

FOR THE MOST PART, AQUATIC LIFE PRACTICES I' SELECTION: ADULTS BREED
PROFUSELY, AND THE YOUNG RARELY REACH MATURITY. THIS 16 THE HABIT OF
MOST FISH AND EVERYTHING LOWER POWN THE EVOLUTIONARY SCALE. MAMMALS
LIKE SEALS, DPOLPHINS, AND WHALES ARE THE EXCEPTIONAL K-BREEDERS.

LooK AT
THo%E 4TUPID
FISH, CHILD,
AND LEARN !

COMPARED WITH LANDLOCKED ECOSYSTEMS, THE OCEANS HAVE IMNY LAYERS OF
CARNIVORY: PREDATORS PREYING ON PREDATORS PREYING ON PREDATORS. SOME
- SCIENTIETS BELIEVE THAT THE OCEANS WERE MAXIMALLY HARVESTED FROM WITHIN

BEFORE HUMANS STARTED FISHING.




IN THE OCEAN, AS EVERYWHERE, ALL LIFE DEPENDS ON PLANTS, THE PRODUCERS.
we vse THE Term NET PRIMARY PRODUCTION 1o vescrise THe
TOTAL FOOD MADE AVAILABLE BY PLANTS.

WN THE
QCEAN, THIS
INCLUDES

SEANEED,
MiCROSCoPIC

f .
TECHNICALLY, NET PRIMARY PRODUCTION
(NPP) 5 THE DIFFERENCE BETWEEN -
6ROSS PRIMARY PRODUCTION (TOTAL ~~ -
SOLAR ENERGY CONVERTED INTO BIOMASS) -
MINUS THE ENERGY OF RESPIRATION - ~
(THE ENERGY USED BY PLANTS FOR /. \ N .
METABOLISM AND GROWTH).

ENERGY OF

RESPIRATION
+
NPP (Bioma%s PRopUCED)

-—
-

ToTaL SOLAR
ENERLY ULSeD
By PLANTS

WITH THAT IDEA IN MIND, LET'S TOUR SOME OF THE OCEAN ZONES...

\
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/ _ THE OCEAN FOOD WEB DEPENDS ENTIRELY
) ON PLANTS IN THE SUNLIT UPPER LAYER
(THE EUPHOTIC ZONE).

)
YN ', - VAL S N A e e
Y ﬁ PRI SR PR

‘. .

s N - a_:‘
ety —L S

THC VAST BULK OF TUESE PLANTS ARE DRIFTING,
MICROSCOP\C PHYTOPLANKTON, WHIcU NOURISH
SMALL ANIMALS CALLED ZOOPLANKTON, WHICH
IN TURN FGED SMALL FISH AND HUGE BALEEN
WHALES. THE SMALL FRY ARE EATEN BY LARGER
= FisH, SEALS, PORPOISES, BIRDS, ETE. DEAD
NS#| ORGANISMS FALL TO THE SEA FLOOR TO
F>==| NOURISH SCAVENGERS LIKE CRABS AND URCHINS

AP

R N T T

THE TWILIGHT BATHYAL
d ZONE, 200-500 METERS
DEEP, 1S HOME TO SQUID,
OCTUPI, SHRIMP, AND A
FEW TOUGH FISH, WHILE
THE TOTAL DARKNESS OF
THE DEEP ABYSSAL ZONE
NUEREN 15 NOT WELL KNOWN TO
N

)

DESPITE ALL THIS ACTION, OCEAN LIFE 15 SPREAD THINLY OVER A VAST AREA.
NPP IN AN AVERAGE PART THE OPEN OCEAN 1S VERY LOW, LIKE THAT OF A

DESERT. BUT BECAUSE THE OCEAN 15 SO LARGE, THE TOTAL PRODUCTION OF
FOOD 15 IMMENSE.
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MOVING IN TOWARD SHORE, WE
ENTER A MUCH MORE PRODUCTIVE {
REG\ON, WHERE L\FE 1S DENSE AND
ALL 15 SUNNY: THE

COASTAL

ZONE.

IT EXTENDS FROM THE OCEAN’S
HIGH-TIDE LINE OUT TO THE EDGE OF
THE CONTINENTAL SHELF, ABOUT 10%
OF THE OCEAN’S AREA.

MANY COASTAL ZONES WAVE CORAL REEFS, TUE OCEAN'S MOST DIVERSE ECO-
SYSTEMS. A SINGLE REEF MAY HOUSE 3000 CORAL SPECIES AND COUNTLESS
KINDS OF FIsH, WORMS, SEAWEED, AND OTUER LIFE FORMS. TUE PRIMARY
PRODUCERS WERE ARE ONE-CELLED, GREEN DINOFLAGELLATES TUAT TAKE
SHELTER AMONG THE CORAL, USING MINERAL NUTRIENTS SHED BY THEIR HOSTS.
THE CORAL RESPONDS BY EATING ORGANIC CARBON COMPOUNDS EXCRETED BY
THEIR GUESTS. THE REEF ITSELF 1S BUILT UP OF LIMESTONE SHELLS FORMED
BY THE LIVING CORAL, AND WHEN TUE CORAL DIES, THE SHELLS REMAIN. LIME-
STONE (CALOUM CARBONATE) SEQUESTERS CARBON FROM THE ATMOSPHERE,
BUFFERING CLIMATE CHANGE. DESPITE THEIR DIVERSITY, CORAL REEFS ARE SLOW-
GROWING AND FRAGILE, AND MANY ARE FALLING VICTIM TO HUMAN ACTIVITIES.

A1



MOVING ASHORE, COASTAL WETLANDS ARe A MIX OF BAYS, SALT MARSHES,
AND MUDFLATS, WHERE GRASSES DOMINATE THE FOOD PROPUCTION.

R

f /’ '
. COLLECTION OF ABOUT 50 4SPECIES OF

Z i)

SALT-TOLERANT TREES AND SHRUBS—
ARE THE WORLD’S MO5T PRODUCTIVE

e
JN\ ECOSYSTEM.
: 3

\
\\,'\ ‘:;l/v

¢
b((

THE MANGROVE’S TALL
ROOTS FUNNEL OXYGEN
INTO THE MUCK BELOW,
AND MANY SEAGOING
SPECIES SPEND THER
YOUTH IN A MANGROVE
SWAMP: THERE 15 PLENTY
TO EAT, AND 1T'5 EASY TO
HIDE IN THE VEGETATION.



THE WATER, ORIGINATING IN THE
OCEAN, FALLS AFTER EVAPORATING.

FLOW DPOWN FROM THE HILLS WHERE

=N =
=
= =

SWIFT-FLOWING MOUNTAIN STREAMS
SUPPORT LITTLE LIFE. PLANTS CLING
TO ROCKS, AND FISH ARE COLD-WATER
TYPES LIKE TROUT THAT NEED PLENTY
OF OXYGEN. (THE STREAMS’ TURBU-
LENCE 5TIRS IN MORE OXYGEN THAN
NORMALLY TSSOLVES IN PLACID WATER.)

STREAMS MERGE TO FORM WIDER STREAMS
ON GENTLER $LOPES. THESE MEANDER
THROUGH VALLEYS, SUPPORTING BOTH
COLD- AND WARM-WATER FISH WITH
LOWER OXYGEN NEEDS.

e -
—

43

WHEN A RIVER |5 CHANNELIZED BY
HUMANS, CUTTING STRAIGHT ACROSS
ONE OF THE MEANDERS, HALF 179
LENGTH MAY BE REMOVED, LEAVING
LARGE COMMUNITIES HOMELESS.

AN
ENGINEERING
NMARVEL!




FORM WHEN RUNOFF OR G6ROUNDWATER FILLS A
DEPRESSION IN THE CARTH. A LAKE HAS FOUR ZONES:

_ZF L\TTONAL ZONE:
1@7". Q: m—% NEAR TUE SHORE

LYMNETIC ZONE:
OPEN WATER
WITH ENOUGH
LIGHT FOR

( PLANTS To

PROFUNDAL
ZONE: COLD
[ AND DEEP

GROW.

: ) : THE BOTTOM
\\ J/

|

A BUTROPHIC (“TRUE FOOVD”) LAKE \S WELL-NOURISHED, OFTEN SHALLOW, AND
MURKY WITH PLANKTON. VARIOUS FiSH, SUCH A% BASS, PERCH, SUNFISH, AND PIKE,
FLOURISH THUERE. THE LITTORAL ZONE 5 BROAD, A 600D HABITAT FOR FROGS
AND FISH. OXYGEN 15 A COMMON LIMITING FACTOR FOR EUTROPHIC LAKES, AND
THE PROFUNDAL ZONE 'S OFTEN OXYGEN-FREE.

(N OLIGOTROPHIC (“FEW QO )
FOOD") LAKES, THERE |5 Wow PRETTY’ o
USUALLY A SHORTAGE OF vow BLye! 73
NITRATE AND PHOSPHATE. AR

THE WATER |15 CRYSTALLING
AND OFTEN DEEP. AN E Wm‘
OLIGOTROPHIC LAKE CAN BE . €

RECOGNIZED BY IT9 NARROW — ———— — R — ———
SHORE AND CLEAR WATER. Dy ISR TS
- "4, ‘..‘4..
%:? T
L % % £ 5
— -
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INLAND WEFLANDS,

LIKE COASTAL WETLANDS, ARE HIGHLY PRODUCTIVE. THESE INCLUDE BOGS, MARSHES,
PRAIRIE POTHOLES, FLOODPLAINS, AND WET ARCTIC TUNDRA IN THE SUMMER.
WATER 15 STILL AND WARM; NUTRIENTS ARE TRAPPED BY PLANT $TEMS; PLANKTON
ABOUND. MAMMALS, BIRDS, AMPHIBIANS, AND INSECTS ALL FEAST IN WETLANDS.

NO.
Mm)lro
VICTIM.

WETLANDS REGULATE STREAM FLOW BY DURING RAIN OR SPRING MELT, THEY

ACTING LIKE A SPONGE: IN THE DRY $EA- SWELL UP, STORING WATER AND
SON, THEY MAY APPEAR PARCHED AND RELEASING IT SLOWLY DOWNSTREAM
CRACKED, BUT THEY REMAIN POROUS. OR ALLOWING IT TO PERCOLATE

POWN INTO THE 6ROUNDWATER.

IN THE ABSENCE OF WETLANDS, FLOOPDING AND
EROSION INCREASE. UNFORTUNATELY, ABOUT HALF
THE WETLANDS IN THE U.5. HAVE BEEN DRAINED

" OR FILLED FOR AGRICULTURE.

WELL... WE

vo UAVE A
MOBILE

SOCIETY...

kR

(BN SRR W




ALTHOUGH LIFE BEGAN IN THE WATER, NOT ALL LIVING COMMUNITIES ARE WATERY.
SEVERAL HUNDRED MILLION YEARS AGO, LIFE INVADED THE LAND. DESPITE EVERY-
THING YOU HEAR ABOUT LUNGFISH AT THE SCIENCE MUSEUM, THEY COULD NOT
POS5\BLY HAVE BEEN THE FIRST LIFE ASHORE—BECAUSE THEY ARE CONSUMERS!

WE NEép
AN ADVANCE
GuARD!

THE FIRST LAND-BASED LIFE MUST HAVE BEEN PRODUCERS, PROBABLY ONE-
CELLED PLANTS AND SOME BACTERIA. ONLY AFTER THERE WAS ENOUGH GREEN
SCUM ON THE ROCKS COULD SMALL ANWMALS—ALSO ONE-CELLED—LEAD THE
CHARGE OF THE CONSUMERS.

PR

SINCE THEN, THESE EARLY ALGAE, LICHEN, MOS5ES, AND FERNS, ALONG WITH
THEIR CONSUMERS, THE INSELTS, ARTHROPODS, AND FISH, HAVE GVOLVED INTO
MILLIONS OF DIFFERENT SPECIES, WHOSE COMMUNITIES ARE THE SUBJECT OF
OUR NEBXT CHAPTER..

M
ToR BETTER OR
TOR WORSE,
\_t{€RE WE AREe!




o CHAPTER Be

-AND DRY

ON LAND, BASIC LIFE COMMUNITIES ARE CALLED BIOMES. BIOMES
DEPEND ON CLIMATE AND GEOGRAPHY: WHERE CLIMATE 15 DIFFERENT, %0
ARE THE PLANTS AND ANIMALS, WHILE SMILAR BIOMES MAY EXIST IN WIDELY

SCPARATED AREAS THAT WAVE SIMILAR ENVIRONMENTAL CONPDITIONS.
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AS A GENERAL RULE, CLIMATE COOLS AS YOU HEAD AWAY FROM THE EQUATOR
AND TOWARD THE POLES.. AND ALSO A% YOU RISE ABOVE SEA LEVEL. RAINFALL -
15 HEAVY AT THE EQUATOR, LIGHTER AT THE TROPICS OF CANCER AND CAPRICORN,
AND RISES AGAIN POLEWARDS.

PRECIPITATION DETERMINES WHETHER THE LAND |5 DESERT, 6RASSLAND, OR
FOREST, AND TEMPERATURE ALSO INFLUENCES THE STRATEGIES OF BOTH PLANTS
AND ANIMALS. WE CAN SUMMARIZE THIS BY LUMPING ALL THE WORLD’S BIOMES
INTO A SUPERCONTINENT, SHOWING WHAT EVOLUTION AND G6EOGRAPHY HAVE
WROUGHT ON A GRAND SCALE.

- N\
Q-

50

TUNDRA
BOREAL FOREST
0| TEMPERATE FOREST
(ZA] TeNPERATE GRASSLAVD
B MEDITERRANEAN
COLD DESERT
[ 4 HOT DESERY
4 :- 9lMl-D€5€RT

] COMSTAL DESERT
=l TROPCAL SAVANNA
TRoPICAL FOREST
RAIN FoREST
MOIST COAST

O e mm - o ISLAND
%0 ---- MOUNTAIN

LAT\TUDE




HERE 15 A TOUR OF THE WORLD'S MAIOR BIOMES:

POLAR CRASFLAND

(OR ARCTIC TUNDRA)

15 AN cY, TREELESS BIOME NORTH OF THE TREELINE AND BELOW THE ARCTIC
CIRCLE (AND JUST ABOVE THE TIMBERLINE ON MOUNTAINS). THE TUNDRA’S LIMIT-
IN6 FACTORS ARE HEAT AND LIGHT (OR RATHER, COLD AND DARKNESS!), 50
FEW PRODUCER SPECIES CAN LIVE HERE. THE SO\L 15 PERMANENTLY FROZEN,
CING OUT TREE ROOTS. WINTERS ARE FIERCE.

DURING THE BRIEF SUMMER THAW, SURFACE 40\ BECOMES A QUAGMIRE OF
PUDDLES AND BOG6%; LOW-6ROWING PLANTS BUD AND BLOSSOM. HORDES OF
INSECTS UATCH; BIRDS ARRIVE TO EAT THE BU6%S. THE PERMANENT RESIDENTS
ARE MOSTLY BURROWING PLANT-EATERS THAT HUDDLE UNPER THE SNOW IN
WINTER. BI6 HERBIVORES VISIT IN THE SUMMER AND THEN HEAD SOUTH. FOX,
LYNX, AND BEAR LIVE HERE TOO.

THE 5LOW-6ROWING PLANTS AND SHALLOW $OIL MAKE TUNDRA THE MOST
FRAGILE BIOME: 100-YEAR-OLD WAGON TRACKS ARE STILL VISIBLE TOPDAY.

49



BOREAL FoREST
(or “TAIGA™)
COLD AND WET, THE TAIGA
STRETCHES ACROS5 NORTH

AMERICA AND EURASIA,
COVERING 11% OF ALL
LAND. WINTERS ARE LONG
AND COLD, BUT SUMMERS
ARE LONGER AND WARMER
THAN IN THE TUNDRA.
BOREAL FORESTS INCLUDE
YOSEMITE, SEQUOIA, AND
YELLOWSTONE NATIONAL
PARKS.

DOMINATED BY CONIFEROUS (CONE-BEARING) EVERGREEN TREES, THE RELATIVELY
INFERTILE FOREST FLOOR 15 STREWN WITH NEEDLES AND LEAF LITTER,
INTERRUPTED BY A FEW HARDY SHRUBS AND PLANTS. LARGE HERBIVORES INCLUDE
MOOSE, MULE DEER, CARIBOU, AND ELK; SMALL ONES INCLUDE HARE, SQUIRRELS,
AND OTHER RODENT%. INSECT DIVERSITY 15 LOW, WITH BUTTERFLIES, BEETLES,
WASPS, AND FLIES. MAJOR PREDATORS INCLUDE THE TIMBERWOLF, LYNX, FOX,
MARTEN, WOLVERINE, MINK, OTTER, ERMINE, AND WEASEL .
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TAIGA 15 THREATENED BY HEAVY LOGGIN&, SINCE CONIFEROUS TREES G6ROW
RAPIDLY, 6WING THEM HI6H ECONOMIC VALUE FOR PULP AND LUMBER PRODULTS.




(TEMPERATE \

FOREST

ONCE COVERED MOST OF
CENTRAL EUROPE, EASTERN
CHINA, AND EASTERN NORTH
AMERICA... BUT MOST OF IT
HAS BEEN CLEARED FOR FARMS.

HERE RAIN |5 ABUNDANT, MODERATE TEMPERATURES CHANGE SEASONALLY, AND
LTHE GROWING SEASON 15 4-6 MONTHS.

THE PECIPUOUS FOREST 15 STRATIFIED, OR LAYERED, WITH A HIGH CANOPY, AN
UNDERSTORY OF SMALLER HARDWOODS, A SHRUB LAYER, THEN 6ROUND-COVERING
HERBS, AND A FINAL LAYER OF MO55 AND LICHEN. AS TEMPERATURES DROP IN

THE FALL, 50 PO THE LEAVES, DECOMPOSING TO PRODUCE RICH SOWL THAT
SUPPORTS A WIDE VARIETY OF PLANTS.

SERMENy
QeRCoCATE

e

BLAZK BEAR, BEAVER, PORCUPINE, OPO55UM, RACCOON, SKUNK, CHIPMUNK, GRAY
SQUIRREL, SHREW, AND THE COTTONTAIL RABBIT), 50 THERE ARE MORE CARNIVORES
(WOLVES, BOBCATS, GRAY FOXES, MOUNTAIN LIONS). THIS BIOME HAS BEEN THE
MOST REPUCED BY HUMAN ACTIVITY, AND RELATIVELY FEW VIRGIN STANDS REMAIN.
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CRASSLAND

15 FOUND WHERE RAINFALL
15 TOO LOW FOR FORESTS
BUT HIGH ENOUGH TO KEEP
DESERTS FROM FORMING.
WINTERS ARE COLD, SUMMERS
HOT AND DRY, AND THE WIND
BLOWS ALMOST ALL THE
TWME. THE- MOISTER THE
GRASSLAND, THE TALLER
THE 6RASS.

\.

BEFORE AGRICULTURE, THE AMERICAN GREAT PLAINS WERE DPOMINATED BY LARGE
HERBIVORES: BISON, ANTELOPE, ELK; SMALL HERBIVORES, LIKE PRAIRIE POG5 AND
JACKRABBIT; AND PREDATORS, INCLUDING WOLF, COYOTE, PANTHER, AND PEOPLE.

TRY Nor
To DRAW ATTENTON
o YOURSELF
TRAT WAY!

4 v

BUT THIS TALLGRASS SOIL 15 AMONG THE WORLD'S RICHEST, AND NOW NEARLY
EVERY ACRE OF IT 15 PLANTED IN WHEAT AND CORN.

WELL, 'M A
LARGE WERBIVORE,

6RASSLANDS ARE UNDER
CONSTANT STRESS FROM
WIND, SUN, AND TEMPERA-
TURE EXTREMES. DROUGHT
OR MISUSE CAN LEAD TO
WIND EROSION, STRIPPING
IRREPLACEABLE TOPSOIL
AND TURNING 6RASSLAND
INTO BARREN DESERT.



DESERTS

COVER ALMOST 1/4 OF THE LAND'S SURFACE. COLD DESERTS, LIKE THE 608,
HAVE WARM SUMMERS AND FRIG\D WINTERS. TEMPERATE DESERTS, LIKE THE
MOJAVE IN SOUTHERN CALIFORNIA, HAVE HOT SUMMERS AND COOL WINTERS.
TROPICAL PESERTS, LIKE THE SOUTHERN SAHARA, ARE JUST PLAIN HOT AND
SUPPORT LITTLE LIFE. ALL DESERTS HAVE LITTLE WATER AND LOW SPECIES
DIVERSITY. DESERT PLANTS, WHICH HAVE EVOLVED TO COLLECT AND CONSERVE
PRECIOUS WATER, GROW SLOWLY, 50 DESERT ECOSYSTEMS ARE FRAGILE.

BUT NO

HO#

MOSQUITOS!




TROREAL
AN EOREST,

THE MOST DIVERSE OF
ALL BIOMES, COVER%
ABOUT 15% OF THE LAND
AREA—AND FALLING. IT
GROWS NEAR THE
EQUATOR, WHERE RAIN
AND HEAT ARE PLENTIFUL.
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THE LMITING FACTOR HERE 15
SUNLIGHT, BECAUSE THE DENSE LEAF
CANOPY SHADES THE FOREST BENEATH.
THE AIR 15 STILL, PREVENTING PLANTS
FROM USING WIND POLLINATION.
INSTEAD, TROPICAL FLOWERS HAVE
COEBVOLVED WITH BIRDS, INSECTS, AND
BATS AS POLLINATORS.

S

THE 6ROUND 15 NEARLY PLANT-
FREE, EXCEPT AT THE EP6ES OF
CLEARINGS. ARMIES OF INSECTS -
SPEEDILY CONSUME ANYTHING THAT ~ = -
FALLS TO THE FOREST FLOOR. -
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F' MO5T OF THE PLANT NUTRIENTS
(S ARE ABOVE GROUND IN THE

P VEGETATION, NOT IN THE %0IL.
EPIPHYTES (AR-GROWING
PLANTS, LIKE ORCHIDS) (LING
TO THE TREES AND VINES,

R THEIR LEAVES TRAPPING POOLS
OF RAINWATER, WHICH CONTAIN
TINY ECO5YSTEMS OF THEIR
OWN. INSECTS, BIRDS, FROGS,
REPTILES, AND MAMMALS
SWARM IN THE BRANCHES.

N ONE RAINFOREST TREE
CAN HOLD MORE SPECIES THAN
AN ENTIRE TAIGA!

IN PARTS OF THI5 BIOME, SOIL 15 ACTUALLY POOR, CONTAINING LATERITES,
COMPOUNDS OF ALUMINUM AND IRON THAT BAKE INTO CONCRETE-LIKE
4LABS WHEN EXPOSED TO THE SUN BY DEFORESTATION.
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TRORCAL
GRASSLAND,

OR SAVANNA, COVERS 1%
OF THE LAND. IT OCCURS IN
AREAS WITH TWO LONG DRY
SEASONS, NO WINTER, AND
ABUNDANT RAIN THE REST
OF THE YEAR.

THE SAVANNA HAS
BROAD EXPANSES
OF TALL GRASSES
AND SCATTERED
TREES. TROPICAL
SAVANNAS GROW
CREATING AS
MUCH PLANT
MATTER AS A
TROPICAL
RAINFOREST,
FOOV FOR

HUGE HERDS

OF HERBIVORES.

HERDS OF HU6E
HERBIVORES , Too'
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BETWEEN ANY TWO BIOMES LIES A TRANSITION ZONE CALLED AN A

ECOTONE. 15 rerers 10 ANy RESION WHERE TWO BIOMES OR

ECOSYSTEMS MEET. AN ECOTONE CONTANS SPECIES FROM BOTH COMMUNITIES
AND MAY HAVE SOME OTHER CHARACTERISTIC SPECIES ALL 1T OWN.

C7

Wo o MUY IS kg AWyl - ad

i 5 v £
e R I/ o W s “ ot
T ANS ﬂ\)‘w\ { '\\\\\‘/‘A~. ¥ ‘:‘\v

'™ ON 3
EV6E HERE ) BN
aLL RIGHT.

THE INCREASED VARIETY AND
DENSITY OF $PECIES IN AN
ECOTONE 15 KNOWN AS THE

e BEERET.

\1hs Il 5
AND JUST TO MAKE LIFE EVEN MORE INTERESTING, THE EDGES HAVE A WAY OF
MOVING AROUND: NOTHING 5TAYS PUT IN NATURE!

CALL ME THE
EDBE-MAYER!




ALTHOUGH WE'VE DESCRIBED OUR BIOMES A% IF THEY WERE STABLE, IN FACT,
THEY'RE ALWAYS CHANGING. SPECIES COME AND 60.. THE ENVIRONMENT
CHANGES... BORDERS SHIFT.. NEW OPPORTUNITIES AND CHALLENGES ARISE...

N PARTICULAR, LIFE CAN COLONIZE VIRGIN TERRITORY AND TURN BARREN LAND
INTO A THRWING ECOSYSTEM, A PROCESS KNOWN AS '

ECOLOGICAL SUCCESSION

(OR COMMUNITY DEVELOPMENT).

SOMEDNY, VRUGHTER,

ALL THiIS WILL BE
Youré !
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WRIMARY SUCEESSION

OCCURS WHEN LIFE INVADES AN AREA WITH NO TRUE SOIL. FOR EXAMPLE:

SUBSOIL EXPOSED
BY A MUDSLIDE

AT FIRST, A FEW HARDY
MICROBES, MO55ES, AND
LICHENS INVADE THE AREA.

THESE PIONEER SPECIES ARE MOSTLY
SMALL PRODUCERS, PLUS A FEW %

DECOMPOSERS. PIONEER PLANTS ARE X ad < Q}& _
SMALL, LOW-GROWING ANNUALS, AN

r-5TRATEGISTS THAT SPEND THEIR AR
ENERGY MAKING LOTS OF SEEDS . '
RATHER THAN DEVELOPING MUCH IN ¥t ik e ISR A
THE WAY OF ROOTS, STEMS, OR R TR M T
LEAVES. O N R

A AN

EVENTUALLY, SOIL |5 CREATED, WEEDS
SPROUT, AND ANIMALS ARRIVE, SEEKING




SBCONPARY Sueckssion

BEGINS WHERE VEGETATION HAS BEEN REMOVED BUT SOIL 15 INTACT.
FOR EXAMPLE:

ABANDONED FARMLAND BURNED OR LOGGED LAND RECLAIMED FROM
FLOOVD.

HERE NEW PLANTS CAN SPROUT WITHIN WEEKS. FIRST COME THE ANNUAL
WEEDS...

& gPrONG ) e\‘;; g
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THEN THE 6RASSES,
SHRUBS, A YOUNG ,
(50FTWOOP) FOREST,

AND FINALLY A MATURE,
HARDWOOD FOREST.

NOTE: ALTHOUGH WE HAVE MADE SUCCESSION SOUND
PREDICTABLE AND ORDERLY, THE EXACT SEQUENCE OF
SPECIES AND COMMUNITY TYPES CAN BE EXTREMELY
VARIABLE, PEPENDING ON LOCAL CONPITIONS. -
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(BY THE TIME AN ECOSYSTEM MATURES, IT HAS DIVERSE SPECIES, STABLE POPU- w
LATIONS, AND COMPLEX INTERDEPENDENCIES AMONG ITS PLANTS AND ANIMALS.
TO SURVIVE, THE RESIDENTS NEED LARGE AREAS OF UNPISTURBED WILDERNESS.

)/ W OTHER
WORPS, BIb,
PROTECTED

'I Y 7 WILDLIFE
3 \(EE OFF THE el
M,‘:M,_S.., W REFUGES!
b\v L "

ECOLOGISTS USED TO
BELIEVE THAT HIGHER -
SPECIES DIVERSITY MEANT A
MORE STABLE ECOSYSTEM.
THE MORE SPECIES THERE
ARE, \T SEEMED, THE MORE
OPTIONS THE ECOSYSTEM
WOULD HAVE FOR RESPONDING
TO 5TRESS.

BUT A% IT HAPPENS, THE RELATIONSHIP BETWEEN SPECIES DIVERSITY AND STABILITY
CAN BE TENVOUS, EVEN NONEXISTENT. COMPLEX ECO5YSTEMS CAN BE FRAGILE!!

% WeLLAT

STOOD To
REAION.-
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THIS 15 BGCAUSE GCOLOGICAL
STABILITY ITSGLF S A COMPLEX
PHENOMENON, WITH AT LEAST.
THREE DIFFERENT ASPECTS:

INBERIA,
CONISTANIGY, awo
RESILIRNEE,

INEBRTIA 1S THE ABILITY OF AN ECO-
SYSTEM TO RESIST CHANGE. A RAIN
FOREST, FOR EXAMPLE, HAS HI6H INERTIA.

- B '-h-v_'
0095. HERE L3l
Comg THE .
CIRE ANTS! 2B

CONSTANCY S THE ABILITY OF A
LWING SYSTEM, LIKE A POPULATION, TO
PRESERVE 1T NUMBERS. THE HUMAN
RACE HAS TERRIFIC CONSTANCY.

i s
RS

Mlt\mf

RESILIENCE \S A SYSTEM'S ABILITY
TO RESTORE \TSELF AFTER SUFFERING
AN OUTSIDE PISTURBANCE. 6RASS5LANDS,
FOR EXAMPLE, SPRING BACK AFTER A
FIRE, BECAUSE 50 MUCH OF THE PLANT
MATTER 15 SUBSURFACE ROOTS.

BUT THE DIVERSE, HIGH-INERTIA RAIN
FOREST HAS VERY LOW RESILIENCE:
ONCE CLEARED, THE FOREST 15 G6ONE,
BECAUSE SOIL. NUTRIENTS AND TUE WATER
CYCLE CAN NO LONGER SUPPORT IT.

et 41

SO

BY LONTRAST, 6RASSLAND HAS LOW
SPECIES DIVERSITY ANDP LOW INERTIA,
BUT HI6H RESILIENCE.




ANOTHER MISCONCEPTION 15 IN FACT, ECOSYSTEMS ARE RARELY, \F EVER, AT
TUAT ECOSYSTEMS HAVE A EQUILIBRIUM. NATURE CONSTANTLY FLUCTUATES.
FAIRLY STABLE EQUILIBRIUM
STATE, NEAR WHICH TUEY
REMAIN.

CHANGE AND TURMOIL, RATHER THAN
BALANCE, |15 THE RULE.

POPULATIONS AND COMMUNITIES TEND
TO SWING6 BETWEEN LIMITS BUT RARELY
REMAIN CONSTANT.

IF DISTURBED, SYSTEMS MAY CUHANGE
AND OPERATE WITHIN NEW LIMITS...

AND NEVER RETURN TO SOME IMAGINED
\DEAL EQUILIBRIUM STATE.




NATURAL SYSTEMS ARE \MMENSELY
COMPLEX, WRILE OUR UNDERSTANDING
OF THEM REMAINS LWMITED. TO S0ME
EXTENT, TS BOUND TO STAY THAT
WAY: WE CAN RARELY DO CONTROLLED
EXPERIMENTS ON WHOLE ECOSYSTEMS
(THAT WOULD REQUIRE A SECOND,
IDENTICAL ECOSYSTEM!), AND WE
CANNOT KNOW OR OBSERVE ALL THE
RELEVANT VARIABLES.

wowW CoMe
WE THiNk
WE'RE So

r60 WE EXPERIMENT ON SIMPLE SYSTEMS IN THE LAB, OR SWMULATE THEM ON TI-I?
COMPUTER. THE RESULTS ARE OFTEN SU66ESTIVE, BUT WE HAVE LIMITED CONFI-
DENCE THAT THEY CAN BE APPLIED TO THE REAL WORLD.

<\ ) ——7/
= N “DATA INDICATING

GLOBAL WARMING

‘”\:RE_ INCONCLUSIVE ¥
=7 :

NEVERTHELESS, WE DO -
KNOW A FEW THINGS , W{
ABOUT HOW SPECIES b
INTERACT... AND IN OUR ;
NEXT CHAPTER WE TURN
TO ONE OF THE
SIMPLEST INTERAZTIONS
OF ALL..
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ALTHOUGH YOU MAY NOT USVALLY
THINK OF \T THIS WAY, THE ACT
OF GATING A FELLOW CREATURE
1S A WAY OF CAPTURING IT%
CHEMICAL GNERSY.

ToFU FURGER,
FRIES, LARGE
GReed CoLA!

<
ANpY

WHEN THE VEGGIE BURGER HITS YOUR THE BURGER'S FATS, FOR EXAMPLE, ARE

STOMACH, ENZYMES 60 TO WORK BURNED IN YOUR CELLS, COMBINING
BREAKING DPOWN TS CHEMICAL CON- WITH THE OXYGEN YOU INHALE TO
STITUENTS AND DEPLOYING THEM TO RELEASE HEAT ENERGY, JUST L\KE A
VARIOUS SYSTEMS OF YOUR BODY. ‘REGULAR FIRE, ONLY SLOWER.

CUEFSE
CUoEF

—
Ny

YOU USE THAT ENERGY TO WARM YOUR BODY TO

, THE FOO
37° ¢, TO MOVE AROUND, TO THINK, TO BREATHE, A5 YOUR BObrs s00RcE
IN SHORT, TO LIVE! |

OF RAW MATERIALS.




28 N
/

- OF COURSE,
- YOU'RE NOT THE
- HQMP ONLY ANIMAL IN
— wvngy THE WORLD
- D THAT'S EATING..
LVE DOING IT... THE
_ 73 WHOLE BIOSPHERE
— (f 15 BUSY MOVING
.~ ENERGY AROUND
N\ bI16ES Y BY THE PROCESS
L OF EATING.
\ J
HOW THE ENERGY FLOWS ViTo EATS
THROUGH AN ECOSYSTEM COVBAR T MOVSS

DEPENDS ON WHO EATS EATS SEEDS
WHOAM. THE SEQUENCE

OF DINERS AND DINNERS

5 CALLED THE FOOD

CHAIN, OR MORE

ACCURATELY THE FOOD @*

WEB, BECAVSE THE

CHAINS ARE INTERLINKED /

AND MAY SHIFT AROUND.

MDIRNITO
EATS ¢OX
FLEAS EAT EPTS Mous
MOUSE EATS Exrs Seeps
SEEDS . 2 Rt
Fox
@ .w EATS
FRUT

A GENERALIST LIKE THE FOX, FOR EXAMPLE, GATS
WHATEVER 15 ABUNDANT AND IN SEASON: MICE,
BERRIES, GRASSHOPPERS, FALLEN APPLES..
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\T JUST CHANGES
ROM ONE FORM
TO ANOTHER!

ACCORDING TO THE

FIRST LAW OF
THERMODYNAMICS,

ENERGY 15 NEITHER
(REATED NOR DESTROYED.

(NONE OF THESE DEVOURINGS CAN CREATE ANY NEW ENERGY: THEY JUST PASS
ALONG ENERGY THAT CAME FROM SOMEWHERE ELSE. AND WHERE 15 THAT? IF
YOU TRACE BACK THE LINKS OF ANY FOOD CHAIN FAR ENOUGH, YOU'LL COME TO
A PLANT, WHICH 6OT \T% ENERGY STRAIGHT FROM THE SUN. ALL LIFE
DEPENDS ULTIMATELY ON THE SUN.*

UNTIL HUMANITY CAME
ALONG, THERE WERE ONLY
TWO WAY% FOR LWVING
BEINGS TO 6ET ENERGY:
SIT IN A WARM PLACE, OR
EAT SOMETHING!




OF THE TOTAL SUNLIGHT FALLING ON EARTH, 30% \s BUT THAT TINY FRACTION
REFLECTED, NEARLY $0% \5 CONVERTED TO HEAT, AND | OF SOLAR ENERGY PRO-
ALMOST ALL THE REST POWERS THE WATER CY(LE-— VIDES ALL OF LIFE'S

EVAPORATION, RAIN, VAND, ET¢. LESS THAN 1% s FOOD NEEDS, THROUGH

USED BY LIVING PLANTS.

THE PROCESS OF

PHOTOSYNTHESIS CONVERTS
SOLAR ENER&Y \NTO
STORED CHEMICAL ENERSY.
IN THE CELLS OF GREEN
PLANTS, CARBON DIOXIDE FROM
THE AIR, WATER FROM THE
EARTH, AND LIGHT FROM THE
SUN REACT TO PRODUCE
SUGAR, A COMPLEX ORGANIC
COMPOUND THAT STORES
CUEMICAL ENERGY FOR LATER
USE. OXYGEN 15 RELEASED AS A
BY-PRODUCT.

QUNLLIGRT

O, (0 KYGEN)

€O,
(CARGoN
DIOKLDE )

%, 0
(WATER)

THIS STORED CHEMICAL ENERGY
DRIVES ALL THE BIOGEOCHEMICAL SULFUR-LOVING BACTERIA CAN CONVERT THE

CYCLES OF THE EARTH.

EXCEPT: AT UNDERSEA VOLCLANIC VENTS,

GARTH'S HEAT INTO CHEMICAL ENERGY, A

PROCESS CALLED CHEMOSYNTHESIS. THESE
BACTERIA SUPPORT A COMMUNITY OF WORMS,
CRABS, AND CLAMS IN THE TOTAL PARKNESS.

\T CAN BE
VONE N THE

DARK!

VOLCANIC HEAT COMES FROM THE ENERGY OF
RADIOACTIVE DECAY OF ELEMENTS IN THE
EARTH.
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HEAT

5AYS THAT ENERGY
CONVERSIONS ARE NEVER ‘éif&’g‘y
100% GFFICIENT: WHEN- N

EVER ENERGY 15 TRANS- ConlepsioN

FORMED INTO WORK, 50ME Process

15 ALWAYS DISSIPATED, OR

LWASTED. AS HCAT.

FOR EXAMPLE, WHEN A CAR CONVERTS THE CHEMICAL ENERGY OF GASOLINE
INTO MOTION, MOST OF THE ENERGY TURNS TO HEAT: THE ENGINE AND EX-
HAUST 6ASES GET HOT, FRKCTION HEATS THE WHEEL BEARINGS, ETC.. ONLY
ABOUT 15% OF THE ORIGINAL CHEMICAL ENERGY ACTUALLY MOVES THE CAR!

BAEREY W0eweiy & WBAT

- AND OTHER WAST
ENERSY €

N THE SAME WA,
EATING s
INEFFICIENT: ONLY A
SMALL PORTION OF
THE CHEMICAL ENERGY
IN A MEAL CAN BE
USED BY THE GATER.

SoME WASTED | ¥
SouNp ENeReY! &




BCRLEEGIEA
E[EEIG UEW@T%Q

OR FOOD CHAIN EFFICIENCY, \s
THE PERCENTAGE OF USABLE ENERGY
CAPTURED AT EACH LEVEL OF CON-
SUMPTION. FOR EXAMPLE, PLANTS
RANGE IN EFFICIENCY BETWEEN 1%
AND 3% DEPENDING ON THE PLANT:
ONLY 1-3% OF THE SOLAR ENERGY
ABSORBED BY THE PLANT 15
ACTUALLY CONVERTED TO BIOMASS,

BETTER TrAN
NOTHING , BUT WHAT
A WASTE!

A TYPICAL HERBIVORE USES SOME
10% OF THUE TOTAL PLANT ENERGY
CONSUMED, WITH THE REST LOST
TO HEAT OR RESPIRATION.

A CARNIVORE'S EFFICIENCY 15 ALSO
ABOUT 10%, MEANING THE CARNIVORE
6ETS ONLY 1/10 OF 1/10 OF THUE
ORIGINAL PLANT ENERGY.

> Car

ANp 1 NEgp X
\0 TIMES AS MVCH
OM% K5 Y Dot

THE TOTAL EFFICIENCY AT ANY LEVEL
OF CONSUMPTION 15 THE PRODUCT
OF THE EFFICIENCIES OF ALL THE
CONVERTORS UP TO THAT LEVEL. N
THIS CASE (TAKING THE PLANT
EFFICIENCY AS 2%), THE CARNIVORE'S
TOTAL GFFICIENCY 15

0.02 x041 = 0.1= 0.0002.

THE CARNIVORE USES ONLY 0.02% OF
THE SOLAR ENERGY THAT WENT INTO
THE 6RASS THAT WENT INTO THE COW
THAT WENT INTO THE CARNIVORE!

7




WE CAN ALSO THINK OF THE
LINKS IN THE FOOD CHAIN IN
TERMS OF LEVELS, WITH EACH
LEVEL CATING FROM THE ONE
geLow. THE FIRsT TROPHIC*

LEVEL consisTs OF erEEN
PLANTS, AS WELL AS PHOTO-
SYNTHESIZING AND CHEMO-
SYNTHESIZING BACTERIA.

READY FOR
MORE GREEK?

PRODUCER SPECIES ARE ALSO
CALLED AUTOTROFPHS, S\NCE
THEY MAKE THEIR OWN FOOD
FROM CARBON DIOXIDE AND
WATER.

NONPLANT HETEROTROPHS CAN'T
MAKE THEIR OWN FOOD, 50 THEY
ARE CONSUMERS OF PLANTS OR
OTHER HETEROTROPHS.

*FROM GREEK TROPHIKOS = NOURISHMENT,
A% IN ENGLISH “TROUGH.”
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THE SECOND TROPHIC LEVEL CONSISTS
OF HERBIVORES OR PLANT-EATERS.
THEY ARE ALSO CALLED PRIMARY
CONSUMERS.

THE THIRD TROPHIC LEVEL CONSISTS
OF CARN\WVORES THAT EAT HERBIWVORES—
ALSO CALLED SECONDARY CON-
SUMERS... AND IN SOME ELOSYSTEMS
THERE MAY BE LEVELS OF CARNIVORES
EATING CARNIVORES: TERTIARY OR
QUATERNARY CONSUMERS.

THERE ARE ALSO OMNIVORES THAT
EAT FROM MORE THAN ONE TROPHIC
LEVEL AT A TIME.




THESE STACKED LAYERS OF EATERS
ARE MACROCONSUMERS, \E.,
THEY'RE Bl6.

BUT THO%E
CONSUMERS YOU
CAN'T SEE, THEYRE
THE ONES 1 WORRY
MouT!

IN MANY TERRESTRIAL ECOSYSTEMS, AS
MUCH A% 90% OF ALL PLANT MATTER
FALLS STRAIGHT INTO THE DECOM-
POSER FOOD WEB.

THERE ARE ALSO MICRO-
CONSUMERS, OR DECOMPOSERS,
MOSTLY BACTERIA OR FUNGI.

EARLY 5TAGES MAY INVOLVE MILLI-
PEDES, WEEVILS, ETC., BUT THE FINAL
BREAKDOWN |5 DONE BY BACTERIA
AND FUNGI.




EACH SPECIES HAS TO
CARVE OUT 1T% PLACE
IN AN BCOSYSTEM. THIS
MEANS FINDING A
HABITAT, TOLERABLE
LEVELS OF WATER,
LIGHT, AND TEMPER-
ATURE, AND A SUPPLY
OF AVAILABLE FOOPD.
THIS FAVORABLE
COMBINATION OF
FACTORS 15 CALLED A

7
- DIFFERENT SPECIES TEND TO OCCUPY DIFFERENT NICHES. SOME PLANTS, FOR |
EXAMPLE, PREFER SHADY, MOIST, POORLY DRAINED 5POT%, WHILE OTHERS
THRIVE ONLY ON SUNNY, WELL-DRAINED HILLSIDES. '

THAT EAT ONLY THE TICKS OFF SHEEP AND DEER.

A NICHE CAN BE HIGHLY SPECIALIZED, LIKE THAT OF THE STARLINGS IN ENGLAND

~
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WHEN RESOURCES ARE
ABUNDANT, NICHES CAN BE
%0 BROAD THEY OVERLAP,
BUT WHEN RESOURCES ARE
LWITED (THE USVAL
SITUATION), OVERLAPPING
NICHES MEANS

COMPETITION.

¢ ™\

WHEN TWO %PECIES COMPETE FOR THE SAME SCARCE RESOURCES, ONE SPECIES
GENERALLY WILL TAKE OVER THE NICHE AND EXCLUDE THE OTHER, WHICH
HAS TO FIND SOME OTHER WAY TO FEND FOR ITSELF. THIS 16 THE

PRlNCIPLE OF COMPETITIVE EXCLUSION.

LETS 62 To
PATAGONIA,
EVOLVE |NTO
SANTS, AND
LEARYS TO BAT
SEAGULLS !

.\

IF RESOURCES PERMIT, TWO
SPECIES MAY SPECIALIZE AND @ ’
PARTITION, OR SPLIT, A
NICHE INTO TWO SMALLER
ONE%. THE $HAG AND THE
CORMORANT ARE BOTH
FISH-EATING DWING BIRDS,
BUT THE CORMORANT DIVES

DEEPER, LEAVING THE FISH
ON TOP TO THE 5SHAG.

BuUT F | Ruv
0UT OF FISH POUN HERE,
ONE ©oF LS WiLL HAVE
To Go!
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WHEN TWO $PECIES
REACH SUCH AN
ACCOMMOPATION,

THEY MAY EVOLVE
SPECIALIZED
FEATURES. FOR
INSTANCE, IF TWO
SPECIES OF SIMILAR
BIRDS COEXIST, ONE MAY
EVOLVE A LONG THIN
BILL TO EAT LARGE
BU6%, WHILE THE OTHER
WILL HAVE A TOUGH,
$TUBBY BILL 600D FOR
(RACKING SEEDS. THIS 15
CALLEV CHARACTER
DISPLACGMENT.

J/

SOMETIMES, NO ACCOMMODATION 15 POSSIBLE. ONE SPECIES HAS A COMPETITIVE
ADVANTAGE: 1'% FASTER, STRONGER, OR MORE TOLERANT OF CHANGES IN
SOME LIMITING FACTORS.. WITH THE RESULT THAT THE LESS WELL ADAPTED
SPECIES 15 DRIVEN TO COMPLETE EXTINCTION.
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SOME LESS COMPETITIVE WAYS FOR SPECIES TO INTERACT INCLUDE:

ISBIONS

(“LIVING TOGETHER") |15 A LONG-
TERM RELATIONSHIP IN WHICH TWO
SPEC\ES EXCHANGE ENERGY OR
ADAPTIVE BENEFITS. THERE ARE
THREE KINDS OF SYMBIOS!S,
DEPENDING ON WHICH SPECIES
\RECEWEé THE MOST BENEFIT.

IN COMMENSALISM, ONE SPECIES GAINS, WHILE THE OTHER 15 ESSENTIALLY
UNAFFECTED. FOR EXAMPLE, WE EAT NUTS, BUT THE NUT TREE BARELY NOTICES.

'A(TON.LY 1 Do
NOTICE. &)T m
NERY B AT
EXPRES (NG W

DSAPPROVAL!

IN MUTUALISM, BOTH SPECIES
BENEFIT. WE SAW AN EXAMPLE OF
MUTUALISM IN CORAL, WHICH
PROVIDES SHELTER TO MICRO-
ORGANISMS THAT SECRETE
NUTRIENTS USEFUL TO THE CORAL.

iIN PARASITISM, THE PARASITE
HARMS 1T% HOST, SUCKING AWAY TS
ENERGY, USUALLY SLOWLY. EXAMPLES
ABOUND: LEECHES, FLEAS, TICKS, IN-
FECTIONS 8Y BACTERIA, PROTOZOA,
FUNGI, OR WORMS, ETC..




PREPARON

15 A RATHER SMPLE-MINDED RELATIONSHIP: ONE SPECIES, THE PREDATOR, HUNTS
AND EATS THE OTHER $PECIES, THE PREY.

\T’6 SIMPLE...
PON'T HIVE IT A
SECOND THOUGUT..

THIS & ONE OF THE MAIN
WAYS THAT ENERGY MOVES
THROUGH AN ECOSYSTEM.
(DECOMROATION 15 THE
OTHER.)

(ALTHOUQ-I PREDATION SEEMS NASTY, IT DOES BENEFIT THE PREY SPECIES. )

PREDATORS TEND TO TAKE THE EASY PICKINGS, THE SLOW AND INFIRM, LEAVING
THE MOST FIT AND VIGOROUS TO SURVIVE.

Y

\(Mu\\l WAk bty A o L6 .

PREDATOR AND PREY POPULATIONS
TEND TO BE IN DYNAMIC

BALANCE. OVERPREDATION

REDUCES PREY POPULATIONS, 50 PREY POPULATION
PREDATORS DIE OF STARVATION,
ALLOWING PREY POPULATIONS TO  /
REBOUND. THEN PREDATORS

‘LioN% ATE
ALL THE LOW

JumeeRs!

FLOURISH, OVEREAT AGAIN, AND DiE
OFF, ETC. A FAMOUS GRAPH BY
LOTKA-VOLTERRA SHOWS HOW PRCDATOR POPULATION

THESE TWO POPULATIONS RISE
AND FALL WITH EACH OTHER,
SCPARATED BY A TIME LAG. : TIme
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THE PREDATOR %PECIES PROWL THE TOP OF THE FOOD CHAIN. THE FLOW OF
FOOD ENERGY MOVES UPWARD FROM PLANT TO PREDATOR, AND THERE T $TOPS.
(ON LAND, PREDATORS RARELY PREY ON OTHER PREDATORS; UNDERWATER, THERE
MAY BE MORE TROPHIC LEVELS, BUT THEY HAVE TO ENV SOMEWHERE.)

ENERLY ARRoWS
6o |NTo U5 AND |
DoN'T COME oUT:

OF COURSE, A LITTLE ENERGY FLOWS FROM PREDATORS TO THEIR PARASITES
(FLEAS, TICKS, SHARK-SUCKING LAMPREYS, INTESTINAL BACTERIA, ETC.) BUT IT
IGN'T MUCH. ’

ONLY AT DEATH DOES THE PREDATOR’S CHEMICAL ENERGY RETURN TO THE
ECOSYSTEM VIA THE DECOMPOSERS AND SCAVENGERS.

OREDATOR
DECOMPOSES
v THE END...
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AMONG THUE LIMITING FACTORS FOR PREDATORS ARE THESE:

THE SUPPLY OF PREY.

' THE PREDATOR'S HUNTING SKILL.

COF. WAIT!
Holp on /

THE PREDATOR’S VERSATILITY AT
SHIFTING TS DIET WHEN NECESSARY.

D RATHER
i
T

N‘;?(ED MOLE

_
=

AND TUE ULTIMATE LIMIT, THE TOTAL
ENERGY AVAILABLE AT THE PREDATOR'S
TROPHIC LEVEL.

NOW TRY TO IMAGING A SUPERPREDATOR THAT COULD SOMEHOW OVERCOME
THOSE LWMITING FACTORS... A SPECIES THAT CONTINUALLY IMPROVES ITS

HUNTING TECHNIQUE AND 1S WILLING TO EAT NEARLY ANYTHING... AND WHAT
IF THIS SPECIES ALSO DISCOVERED SECRET SOURCES OF ENER&Y TUAT HAD

ALWAYS BEEN HIDDEN FROM ALL OTHER

ANIMALS? TRY TO IMAGINE IT...




< @Q?“AED)TE@ 70

FROM HUNTING TO PLANTING

LIKE ALL CREATURES, WE ARE PART OF THE WEB OF LIFE.
WE EAT FOOD FROM EVERY TROPHIC LEVELs WE HAVE
FEW PREPATORS; AND WE HAVE MANY SYMBIOTIC
RELATIONSHIPS: WE PRACTICE MUTUALISM WITH THE
BACTERIUM £. cOL/, WHICH HELPS US DIGEST FOOD IN
EXCHANGE FOR A SAFE, WARM HOME IN OUR INTESTINES; WE
HAVE PARASITIC D\SEASES: AND WE HAVE COMMENSAL
RELATIONSHIPS WITH PIGEONS AND COCKROACHES (THEY
THRIVE; WE'RE UNAFFECTED).

et



OF COURSE, OUR WAY OF
LIFE HAS CHANGED OVER THE
YEARS. IN THE BEGINNING,
SOME 2 MILLION YEARS AGO,
OUR ANCESTORS OCCUPIED
THE NICHE OF HUNTER-
GATHERERS, WHICH
REMAINED HUMANITY’S NICHE
FOR 99% OF OUR HISTORY.

STUDIES OF MOPERN SOCIETIES SUGGEST THAT HUNTING AND GATHERING 15
SURPRISINGLY EASY. FOOPD 15 ABUNDANT IF YOU KNOW WHAT TO LOOK FOR, %0
HUNTER-GATHERERS DON'T HAVE TO WORK VERY HARD. THEY HAVE PLENTY OF
TIME FOR PLAYING, PERFORMING RITUALS, OR DISCUSSING FAMILY 155VE5.

M MOTHER's SISTERS SECoMD _\
COvs(M's NEPHEW WANTS To MARRY
MY NIECE'S MOTHER'S CousyrN‘s DAUGMER -
Sag, IW-LAW... Bur HE'S ALso

RELATED BY

KD . MARRIAGE
’ m/

RUNTER-GATHERER POPULATIONS ARE SMALL, RARELY EXLEEVING 50.. THEY
HAVE TO BE MOBILE, 50 POSSESSIONS ARE A BURDEN.. AND POPULATION
CONTROL 15 PRACTICED IN THE FORMS OF INFANTICIPE, ABANPONMENT OF
THE AGED AND INFIRM, AND EVEN MURDER.

=00 : .‘w) 0 Ql»\ X

l&ﬂl\

[\ \\}// .llgm m
/ /////

.!!\l\

IF A 6GROUP GROWS TOO LARGE FOR
TS TERRITORY TO SUSTAIN IT, A
FACTION SPLITS OFF AND MOVES AWAY.




WHAT CHANGED THIS

STABLE IF NOT ENTIRELY
WDYLLIC PICTURE? SURELY
\T WAS THE MASTERY OF

cutlc
o

FIRE WAS THE FIRST OF THE HIDDEN ENERSY SOURCES L\BERATED BY
HUMANS. WHAT ANIMAL (ASIDE FROM TERMITES) EVER THOUGHT OF GETTING
USEFUL ENERGY FROM WOOD? WITH THIS EXTRA, PORTABLE, NONFOOD
ENERGY, PEOPLE COULD SUPDENLY LIVE ANYWHERE. CLIMATE WAS NO BARRIER...

ThERE
6OES OnNE
LIMTING

(ESPECIALLY AFTER THEY INVENTED CLOTHES, THE FIRST ENERGY-
CONSERVATION TECHNOLOGY*). .

*OR MAYBE THE $BCOND. HOUSES ALSO RETAIN HEGAT.
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(50 BEGAN THE FIRST
HUMAN POPULATION
EXPLOSION, AS OUR
ANCESTORS, NOW
MORE EVOLVED,
SPREAD OVER THE
WHOLE WORLD.

BY THE END OF THE LAST ICE AGE, HUMANS HAD EVOLVED TO THE POINT THAT
THEY COULD PO SOME REAL DAMAGE.. EQUIPPED WITH ADVANCED TECHNOLOGY
(BOWS & ARROWS, SNARES, BASKETS, AN ELABORATE STONE TOOLKIT), HOMO
SAPIENS BECAME A SUPERPREPATOR. THE HUNTERS USED FIRE TO FLUSH
GAME, DRIWVING WHOLE HERDS OVER CLIFFS.

D ® = g -
o - -

f— o, /517’ v,y \ e l, .
I SR
/aNA LAY, '~"\1‘“‘~;/: = /Jf

Ty«

a \ {( .
\[

BY 10,000 YEARS AGO, OVER 70% OF |
THE LARGE LAND ANIMALS WERE , -y
EXTINCT—BY HUMAN HANDS, ACCORPDING \\ \
\ |
)

’

TO THE THEORY OF PLEISTOCENE
OVERKILL.

\\ l

Wiy XiLL
MORE TyaN
WE Neepn




rNOT EVERYONE ALCEPTS THE THEORY OF PLEISTOCENE OVERKILL. THESE 1
EXTINCTIONS ALS0O COINCIDED WITH THE END OF THE LAST KE AGE, AND MANY
SCIENTISTS CONTEND THAT THE ANIMALS DIED AS A RESULT OF CLIMATIC CHANGE.
BUT IT 1S5 HARD TO IMAGINE THAT PEOPLE PLAYED NO ROLE IN TIPPING THE
BALANCE AGAINST ALL THOSE MAMMOTHS, 6ROUND 5LOTHS, GIANT ELK, ETC.

AT rHNE X
WE WORKED From )3
LIVE MODELS,

THIS MUST HAVE BEEN A SERIOUS CRI515 FOR HUMANITY: WITH A POPULATION
W THE NEIGHBORHOOD OF 4 MILLION, OUR SPECIES WAS SUDDENLY FACED
WITH A SHORTAGE OF BI6 GAME...

UhH! WELL
WaVE To EAT
Cows... PLLS-..

BUT OUR ANCESTORS
WERE INTELLIGENT,
SOC\AL. OMNI\VORES
WITH SOME TECH-
NOLOGY, AND THEY
WERE ABLE TO TURN
A CRI515 INTO AN
OPPORTUNITY.

85



THEY INVENTED &@RU@@@@@EQ USHERING N THEVMO§T

FUNDAMENTAL UPHEAVAL IN HUMAN HISTORY, AND POSSIBLY IN ALL WORLD
HISTORY.

/WHAT'S 50

PUNDAMENTAL
Q_OUT e

OM,
EVERYTHING,..
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WHAT 15 AGRWCULTURE? IN

TERMS OF THE FOOP WEB, -

FARMING MEANS A RADICAL

SIMPLIFICATION AND

REORGANIZATION OF o\

THE FLOW OF ENERGY. 7 fq X

THE FARMER UPROOTS (OR a0 &

CHASES AWAY, OR BURNS

OFF) UNWANTED S$PECIES r

AND 50W$ ONLY THOSE

(ROPS THAT ARE FIT FOR %,,;.

HUMAN CONSUMPTION. e “\
- .\o\ : '\',I‘i"' ‘0

o

‘\"\a‘,\"(

ou, You,
You, YoV,

-
i,
-
L

PACEM WA Vo
AR YR/
ARy

IN THIS WAY, ALL (OR NEARLY ALL) THE PLANT ENERGY ON A 6IVEN PLOT OF
GROUND NOW FLOWS INTO HUMAN MOUTHS AT THE EXPENSE OF THE OTHER
SPECIES THAT USED TO FIND A NICHE THERE.

\Ts A BI6
WORLD — 60
SOMEWHERE




WITH THE INVENTION OF
FARMING, HUMAN SOCIETY
EXPERIENCED A SUDDEN
INFLUX OF ENERGY. THIS
HAD TWO MAJOR EFFECTS:
POPULATION 6ROWTH
AND SOCIAL ORGANI-
ZATION.

WELL, WE HAVE T© PO
SOMETHING W(TH ALL
T ENERGY/!

™

POPULATION GREW BECAUSE AGRICULTURE INCREASES THE CARRYING CAPACITY
OF THE LAND: THERE WAS MORE FOOD FOR HUMANS, HENCE MORE HUMANS!
SURE THIS
16 WHAT
VY,

UNLIKE THE HUNTER-

WAIT.. 1F

GATHERER, THE FARMER MORE PEOPLE
WANTS A LARGE FAMILY. MOKE MORE FOOD...
MORE CHILDREN MEAN AND MORE tOOD
MORE FIELD HANDS, HENCE MAKES MORE

MORE FOOD, NOT LESS!
(THIS MENTALITY 15 ONE
OF THE OBSTACLLES TO
POPULATION CONTROL WN
MAINLY RURAL COUNTRIES
TODAY.)

PEOPLE ...
Tuen — 27



IN GENERAL, WHENEVER
ANY COMPLEX SYSTEM
HAS A SUPPLY OF
ENERGY COMING IN, THE
SYSTEM MAY TEND TO
ORGANIZE ITSELF.
(THIS BEAUTIFUL IDEA 15
DUE TO THE NOBEL
PRIZE-WINNING CHEMIST
ILYA PRIGOGINE.)

ue!
TiMe 10 GET
ORGLANIZED!

THE INFLUX OF FOOD ENERGY FROM AGRICULTURE HAD A SIMILAR EFFECT
WHEREVER IT HAPPENED: DIVISION OF LABOR... SOCIAL HIERARCHIES...

GOVERNMENT COMMITTEES... TEMPLES... MARKETS...

0X...YOU
Dilr THE HOLE..
Yyou CARRY THE
POST... YOU BRING
\. THE LUNCH...
You...

-
AND ULTIMATELY, IN SOME CASES,

iR,




(W MOST PLACES WHERE AGRICULTURE PEVELOPED, PEOPLE ALSO DOMEéTlCATEV\
ANIMALS. THIS HAD A SWMILAR EFFECT: A HERDER'S FLOCK USES MOST OF THE
AVAILABLE PLANT ENERGY, LEAVING LESS FOR WILD ANIMALS, INCLUDING

PREDATORS.

AVD THE ONLY
DRANBACK T cAN
SEE 1S THAT WE
wWE T Werp

. AV

DOMESTICATED PLANTS AND ANIMALS BOTH LIVE IN SYMBIOTIC RELATIONSHIPS
\WITH PEOPLE: WE PROTECT THEM, THEY FEED US.
J/

T FEEL S0
MUCH MORE DIGNIFIED

BEING PULLED AROUND
BY VONKEYS!

BESIDES EATING ANIMALS, PEOPLE ALSO
HARNESSED THEM, ADDING ANIMAL POWER
TO OUR ENERGY RESOURCES.

THIS ALSO INCREASED ORGANIZATION, BY 6WVING EXTRA PRESTIGE AND POWER
TO ANIMAL OWNERS. ANIMALS EXTEND A KING'S REACH, ALLOWING HI$ ARMIES

TO TRAVEL FARTHER AND FASTER THAN BEFORE.
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THE FIRST FARMERS LWVED IN THE HILLS SOMEWHAT LATER, THE CHINESE
OF WESTERN ASIA AROUND 8000 B.L., MASTERED MILLET, PI65, POULTRY,
WHERE THEY DOMESTICATED SHEEP AND AND LATER STILL, RICE.

G60OATS AND BRED BETTER STRAINS OF
WHBAT AND BARLEY.

MEXICO AND TS NEVGHBORS, GROWING WHILE AFRICANS PLANTED YAMS
CORN (MA\ZE), WERE HANDICAPPED BY AND S0RGHUM AND RAISED CATTLE.
THE PLANT'S GENETIC PECULIARITIES FROM
BREEDING HIGH-YIELD VARIETIES UNTIL
2000 B.L. MEANWHILE, THEY BRED PEP-
PERS, SQUASH, TOMATOES, AND CHOCO-
LATE, WHILE THE PERUVIANS PLANTED
POTATOES AND LOADED LLAMAS..

AR,
(L LXK "?’. -
Shpee 2l
- "ot I ’&'A‘)

2 o o o S

BY 2000 BL., VIRTUALLY EVERYTHING WE NOW FARM HAD BEEN POMESTICATED.
 ONLY ABOUT 50 ANIMAL SPECIES WAVE EVER BEEN TAMED (THE OTHERS
CAN'T STAND (T), AND EVEN TODAY THE BULK OF THE WORLD RELIES ON A VERY
LIMITED NUMBER OF STAPLE VEGETABLE FOODS.
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WHEREVER PEOPLE FARMED, THEY
ENCOUNTERED SOME UNFORESEEN
PROBLEMS.

SUPgeNLY,
Nomw(,'s
CoMiNg P

THE MOST BASIC PROBLEM 15 THAT
FARMING 15 EXTRACTIVE: NUTRIENTS
COME OUT OF THE %0IL BUT PON'T
CYCLE BACK, AS IN WILD ECOSYSTEMS.

THROVUGHOUT HISTORY, FARMERS HAVE
PEALT WITH SOIL DEPLETION. THE
ORIGINAL WAY WAS SIMPLY TO MOVE
TO GREENER PASTURES.
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WHEN THAT BECAME IMPRACTICAL,
THEY FOUND WAYS TO PUT NU-
TRIENTS INTO THE LAND: 5PREADING
MANURE RETURNS PHOSPHORUS, AND
PLANTING LEGUMES (PEAS, BEANS,
LENTILS) RETURNS NITROGEN TO
DEPLETED S0IL5.

/M EINE, FILTH
JoB This Tua?:eo

ANOTHER TACTIC 1S INTER-
PLANTING: GROWING DIFFERENT
SPECIES OR VARIETIES IN THE SAME
PLOT. IN CENTRAL AMERICA, THE
COMBINATION WA%S SQUASH, CORN,
AND BEANS.

CORN
PORTSgugF.M
STALK.

ASH
&QUW ANCHOR
SoiL.

BEANS FIX
NITRoGEN

WHATEVER THE TECHNIQUE,
SUCCESSFUL FARMING DEPENDS IN
THE FIRST PLACE ON 600D S0\
MANAGEMENT.



ANOTHER AGRICULTURAL
RISK 156 EROSION, OR LOS5
OF TOPS0OI\L. '

UM
THE TOP4S0IL
¥ HEADING FOR
THe BOTTOM
LANDS...

| DRAINAGE SYSTEMS.

IN WILD ECOSYSTEMS, MANY PLANTS,
AND ESPECMLLY TREES, COMBINE TO
HOLD WATER, PROPUCE AND ENRICH
50IL, AND ANCHOR IT WITH THEIR

P/ BUT So HARD
To GET A

EASILY BLOWN AWAY BY WIND OR
WASHED OFF BY FLOODS.

THIS 15 WHY CAREFUL HILLSIDE
FARMERS BUILD TERRACED FIELDS
WATERED BY CONTROLLABLE

NOTE FOREST
RETAWED OV RIDGE
2o A S0URCE OF
TRICKLE-DOWN
NUTRIENTS.




DESPITE GVERYONE'S BEST GFFORTS, FARMING COMMUNITIES CAN STILL DEGRADE
THEIR ENVIRONMENTS IN THE LONG RUN. WE OFFER THREE EXAMPLES, TWO
ANCIENT AND ONE MOUDERN.

SR & ST

THE FIRST 6REAT CIVILIZATION,
THE SUMERIAN, AROSE IN TUE
RICH SOIL BETWEEN THE TI6RIS
AND EUPHRATES RIVERS, A
BROAD, ALLUVIAL PLAIN.

JUST ONE QUESTION
HOW DO WE WATER (7

Gz st g

ﬁ\

'\‘5'.-\\ '\

‘m\\\\\ )

THE SUMERIANS DUG COUNTLESS CANALS AS WATER FLOWS, IT PICKS UP SALTS
AND WATERED THEIR FIELDS BY CON- FROM THE SO\, AND WHEN \T sITS
TROLLED FLOOPING, OR IRRIGATION. STAGNANT, MUCH WATER EVAPORATES,
LEAVING THE SALTS BEHIND.

LODK!}’I

SALTY S0iIL STUNTS PLANTS, UNLESS FIELDS ARE WELL FLUSHED FROM TIME TO
REDUCES YIELDS, AND TIME, SALT BUILDS UP IN THE %OIL.
EVENTUALLY MAKES A
FIELD INFERTILE.

1T'6 THE RINSE
CYCLE KICKING




~ } BUT AS POPULATION SWELLED, \RRISATION
AT FIRST, SUMERIAN FARMERS WORKS COVERED THE LAND. DIVERTING

SIMPLY ABANDONED SALTY PLOTS . | \WATER TO FLUSH OUT SALTY FIELDS WOULD
AND PLOWED ELSGWHERE... HAVE DISPLACED TOO MANY PEOPLE.
Y OVER HERE.. WHERE THeSE W OVER
ve%l;l&e ARE JusT LeatNe /| THERE?

IRRIGATION DITCHES BECAME
CLOGGED WITH SILT, AND WATEGR
NO LONGER FLOWED.

WOoA! A wWHoLE F!
CIVILIZATION WITH

WARDENING OF & 9
THE ARTERIES!

MEANWHILE, NGARBY HILLS WERE $TRIPPED
OF TREES FOR FUEL AND LUMBER, ALLOW-
ING SOIL TO WASH POWN TO THE VALLEY.

WE NEED
FIREWOOD To

AFTER MORE THAN THE LAND NEVER RECOVERED. \T 15 NOW THE SCRUBBY
2000 SUCCESSFUL DESERT OF $OUTHERN IRAQ.

YEARS OF FERTWATY,
SUMER'’S SOIL BECAME
ALMOST USELESS.
CROP YIELDS PLUNGED,
AND 8Y 1700 B.C.,
POPULATION HAD
FALLEN BY A FACTOR
OF 10, TO AROUND
150,000.




RS

IN CENTRAL AMERICA, CORN FED
THE MAYAN PEOPLE. AT TS
HEIGHT IN 800 A.D., THE CITY
OF TEOTIHUACAN COVERED
10 SQUARE MILES AND HAD AT
LEAST 100,000 INHABITANTS.

27 TN 5
BUT THE $GEDS OF IT$ RUIN WERE DESPITE ALL THE MAYAS’ GFFORTS
ALREADY SOWN. THE DEFORESTATION OF | | AT WATER CONTROL, TERRACING,
MEXICO WAS COMPLETED AROUND THE AND RAISED FIELDS (FOR BETTER
YEAR 250. DRAINAGE), EROSION WENT

STEADILY ON.

A% A
CHICKENS

LARYN X

CORE SAMPLES SO\ NUTRIENTS, ESPECIALLY

FROM LAKE BEDS PHOSPHORUS, DRAINED INTO

TELL THE STORY: THE LAKES. THIS WAS BAD
FOR BOTH 50OIL AND LAKE.

(AND THE MAYAN PEOPLE HAP NO
DOMESTICATED ANIMALS WHOSE MANURE
COULD REPLENISH TUE POOR $OIL.)

96

WITHIN 100 YEARS OR %0
OF ITS GREATEST GLORY,
MAYAN CIVILIZATION WAS
GONE, TS5 SHRUNKEN
POPULATION REDUCED TO
HACKING LITTLE FARM
PLOTS OUT OF THE
JUNGLE. 2%




Sty

IN THI5 WAY, A FRESH
LOAP OF FERTILE SILT
15 REPEATEDLY DROPPED
ON EGYPTIAN FARMLANDS.

THE SILT, IN TURN,

COMES FROM THE HIGH-
LANDS OF UGANDA AND
ETHIOPIA, THE S0URCES

m_?,nmnﬂ]g OF THE NILE.
SINCE ANZIENT TIMES,
THE NILE RIVER HAS
OVERFLOWED 1T% BANKS
IN E6YPT EVERY YEAR.

Aﬂ‘%
FLOOD
Ll B

UNFORTUNATELY, THIS SYSTEM WAS
INCONVENIENTLY UNPREDICTABLE.
SOMETWMES TUE FLOODS WERE TOO
LITTLE—OR TOO MUCH.

THIS WAS FINE FOR THE
ANCESTORS, BUT THIS 15
THE 20" CENTURY!

A
NATURAL
CERTILIZR
DELIVERY

N
~
N
Sog%(e
CERTILIZER

IN THE 19605, THE EGYPTIAN GOVERNMENT
DAMMED TUE NILE AT ASWAN TO CONTROL
FLOODS, GENERATE ELECTRICITY, AND

INCREASE THE ACREAGE UNDER IRRIGATION.

BLECTR(CL
EQUAt.sT‘Y
PROGRESS!

AND THE PAM’'S HYDRO-
ELECTRIC POWER \s
MAINLY USED TO RUN
THE FERTILIZER
FACTORIES!

NOW, INSTEAD OF FERTILIZING THE NILE'S BANKS,
THE S\LT SETTLES OUT IN TUE LAKE BEHIND TUE
DAM... POWNSTREAM FARMERS NEED CHEMICAL FERTI-
LIZERS... NILE FISH STARVE.. SNAILS SPAWN, SPREAD-
NG THE AWFUL DISEASE CALLED SCHISTOSOMIASIS...

SOMETUING

SMELLS LIKE
FERTILIZER




ﬁVEﬁPlTE ALL TS5 PROBLEMS, AGRICULTURE HAS SPREAD WORLDWIDE, 50 THAT )

TODAY 99.9% OF THE WORLD'S PEOPLE DEPEND ON FARMING FOR FOOD. BY
DIVERTING ENORMOUS AMOUNTS OF BIOLOGICAL ENERGY TO \T$ OWN BENEFIT,
THE HUMAN POPULATION HAS SWELLED FROM A FEW MILLION IN 10,000 BC.
TO AT LEAST & BILLION TODAY, AND COUNTING.

THE HAPLESS ORGANISMS ON THE LOSING END OF
THIS PROPOSITION MISHT WELL WONPDER: PON'T
HUMAN POPULATION HAVE LWMITING FACTORS TOO??

Quick!
LET'S GO
“OVER WERE!

A\
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o CHAPTER &«

WHAT LIMITING FACTORS?

HOW DO POPULATIONS 6ROW?
WHY ARE THERE 50O MANY PEOPLE?
AND WHY AREN'T THERE EVEN MORE?




(BCFORE EXPLORING THE EXPANSION OF THE HUMAN SPECIES, CONSIDER THIS
PARAVOX: AFTER THE INVENTION OF AGRICULTURE, MOST PEOPLE WERE WORSE
OFF THAN THEIR ANCESTORS. FROM SKELETONS WE KNOW THAT WHEN AGRI-
CULTURE ARRIVED, AVERAGE HEIGHT DECLINED ABOUT 4 INCHES, FROM 5'9" TO
5'5" FOR MEN AND FROM 5'5" TO 5'1" FOR WOMEN. COMPARED TO HUNTER-
GATHERERS, FARMERS WORK WARDER, EAT A LESS NUTRITIOUS DIET, AND 6ET
$ICK MORE OFTEN.

A SYSTEM, AGRICULTURE, THAT MAKES PEOPLE SMALL AND S\CKLY, HAS
SUPPLANTED A SYSTEM, HUNTING AND GATHERING, THAT MAKES PEOPLE HEALTHY
AND ROBUST. HOW CAN THIS BE?

1 DUNND..,
THINK ABOUT IT..
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THE ANSWER LIES IN
AGRICULTURE'S SY5TEM
DYNAMICS: ONCE IT
BEGINS, FARMING TENDS
TO EXPAND! ‘

(N THE FIRST PLACE, AGRICULTURE GENERALLY PROVUCES A SURPLUS: AT
HARVEST TIME, THERE ARE HEAPS OF GRAIN OR GOURDS OR POTATOES—TOO
MUCH TO EAT ON THE SPOT, 50 IT'5 PUT INTO STORAGE FOR THE WINTER.
MOST OF THE COMMUNITY'S FOOD 16 IN ONE PLACE AT ONE TIME.

AT LEAST,
I MoPE IT%
A SURPLLS!

UNLIKE HUNTING AND GATHERING, AGRICULTURE ENABLES THE STRONGEST
PEOPLE IN THE COMMUNITY TO LAY HANDS ON EVERYONE'S ENERGY RESOURCES
AND CONTROL THEM.

WHo GAlp

AGRICULTURE

{ WRASN'T Goop
FOR PEOPLE?

L4



("IN OTHER WORDS,
WITH AGRICULTURE
COMES A LANDLORD
CLASS: KWNGS,
PRIESTS, AND NOBLES,
WHO TAKE A CUT OF
THE HARVEST FOR
THEMSELVES, AND
NOT A SMALL ONE

N
(MR T Poop... )
E\THER—50% 1S

TYPICAL!

. _/

THAT CONCENTRATED SURPLUS 15 THE SOURCE OF $OCIAL ORGANIZATION.
THE LANDLORDS USE THEIR WEALTH TO HIRE ARMIES, BUILD ROADS, AND HIRE
THINKERS TO DREAM UP \DEAS TO KEEP THE PEASANTS IN LINE.

LISTEN 1O
Trhi® ONE-—
L CALL \T
“THE DIVINE
RIGAT OF

-

THE WHOLE POINT OF THIS EXERCISE CALLED CIVILIZATION 15 TO KEEP THE A
SURPLUSES OF ENERGY—STARTING WITH FOOD ENERGY—FLOWING INTO THE
HANDS OF THE S$TRONG. IN OTHER WORDS, IT WAS ORGANIZED FROM THE
OUTSET TO BE SkLF-PERPETUATING.

WAVE 1T ANY
OTHER Wpy!




THEN, TOO, WE'VE SEEN HOW THE LOGI\C OF FARMING COMPELS THE POOR TO
HAVE MORE CHILDREN RATHER THAN FEWER: MORE HANDS MEANS MORE WORK
(AN BE DONE.

REMEMBER
WHEN NoBoDy
HAD To WORK

(AND IF YOU SHOULD WANT TO
5TOP WORKING AND 60 BACK TO
HUNTING, FORGET IT! HUNTING
WAS STRICTLY REGULATED, EVEN
FORBIDDEN TO COMMONERS. THIS
15 A SPORT FOR THE NOBLES!

THE CONSEQUENCE 15 RAPID
POPULATION GROWTH.
THE NEW GENERATIONS
CLAM MORE LAND FOR
FARMING... TRADITIONAL
PEOPLES, WITH THEIR
POPULATION CONTROLS, ARE
OUTNUMBERED AND OVER-
POWERED... NO WONDER
AGRICULTURE TOOK OVER
THE WORLD!
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(N GENERAL, ANY
POPULATION OF ORGANISMS,
IF UNCHECKED, TENDS TO
GROW EXPONENTIALLY.
WHAT DOES THAT MEAN?

LIKE, RILLY,
RILLY FAST?

SYMBOLIC TERMS, WE CALL P, THE POPULATION TODAY AND I THE RATE OF
INCREASE. THEN A YEAR FROM NOW THE POPULATION WiLL BE P, + IP,.

A YEAR LATER, WITH I REMAINING THE SAME, THE POPULATION WILL BE

(P, + TP,) + I(P, + IP,). AFTER A TINY BIT OF ALGEBRA, THIS BECOMES
P,(1+T 2, AND WE CAN 60 ON TO WRITE:

“exXPONENTIAL"
PECAUSE THE

EXPONENT
6ogo LP Witk

POPULATION TODAY .. ... ...%
«  aFter 1 Year.....R(xr)
« v 2 YEARS.... P14
« w B Yers.. R(erY

h * . B0
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DRAW A 6RAPH OF THIS
EXPONENTIAL FUNCTION,
AND YOU SEE THAT 114
LEFT END LOOKS QUITE
DIFFERENT FROM 1T%
RIGHT END. AT FIRST IT
GROWS ONLY SLOWLY,
ALMOST \MPERCEPTIBLY,
BUT AT S0OME POINT IT
TAKES OFF. (HERE ARE
TWO EXAMPLES, ONE
WITH LOW r AND ONE
WITH HI6H 1.)

LOW r

3 $%1 GROWING
s RAPIDLY
i S
>
§ 4
! GROWING
{ ! | MODERATELY
AR . : :
% | ; ;
¢
DOUBLING TIME
TIME FOR
LOW ¥ CURVE

IF YOU AREN'T COMFORTABLE WITH THE ALGEBRA, ALL YOU NEED
TO REMEMBER |5 THIS: EXPONENTIAL 6ROWTH HAS A FIXED

POYRLING TIME-

THERE 15 A CERTAIN NUMBER OF DAYS, OR MONTHS, OR YEARS (IT
DEPENDS ON THE SPECIES) \N WHICH THE POPULATION DOUBLES.

AN EXAMPLE 15 A POND
WITH A LILY PAD WHOSE
DOUBLING TIME 1S ONE
WEEK.

YOU MAY NOT EVEN
NOTICE ITS 6ROWTH
UNTIL THE POND 1S

THE NEXT WEEK, THE
POND HAS DISAPPEARED
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TS ENVIRONMENT?

(Lll(E THE WATER LILIES, NO POPULATION CAN CONTINUE EXPONENTIAL 6ROWTH )
FOREVER: RESOURCES ARE FINITE, AND BIOGEOCHEMICAL CYCLES ARE TOO SLOW
TO SUPPLY FRESH RESOURCES TO A RAPWLY 6ROWING POPULATION.

WHAT HAPPENS WHEN A GROWING POPULATION HITS THE CARRYING CAPALITY OF

\.

—

WITH ANY LUCK, IT WILL SLOW AS T APPROACHES THE CARRYING CAPACITY AND
LEVEL OFF, REACHING A HAPPY ACCOMMOPATION WITH THE ENVIRONMENT. THIS

6WES AN 5- CURVE.

L CARRYING
T carairy
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A5 TIME PASSES, POPULATION MAY
OSCILLATE A BIT, BUT ESSENTIALLY
IT REMAINS STABLE INDEFINITELY.



A LESS ROSY SCENARIO
15 DESCRIBED BY THE

ORIGINAL CARRYING
CAPACITY

WHICH LOOKS LIKE THI4:
A PERIOD OF RAPID
POPULATION INCREASE
FOLLOWED BY COLLAPSE.

POPULATION
s1zE

NEW CARRYING
CAPALITY

TIME

—

IN THIS CASE, A POPULATION OVERSHOOTS THE ENVIRONMENT’S CARRYING 7
CAPACITY, AND THE SPECIES EATS \TSELF OUT OF HOUSE AND HOME, LIKE A
BACTERIAL CULTURE ON A PETRIE DISH.

AFTER DEPLETING THE AVAILABLE RESOURCES (SUGAR IN THIS CASE), THE
BACTERIA DIE OFF RAPIDLY, LEAVING ONLY A PATHETIC REMNANT OF THE
ORI6INAL POPULATION.

BEE-£-&
CAREFUL - L-C..
S CoUGH:




WHEN IT COMES TO THE $TUDY OF
HUMAN POPULATION, THE FIRST
NAME HAS TO BE THOMAS

Q766 -lesqj. E

FAMOUS PESSIMIST.

MALTHUS 16 BEST KNOWN FOR SAYING THAT FOOD PRODUCTION (AN RISE
ONLY LINEARLY—.E., WHEN YOU GRAPH FOOD AGAINST TIME, YOU GET A
STRAIGHT LINE. (THE REASON IT 6ROWS AT ALL, HE THOUGHT, WAS THE

CULTIVATION OF NEW FARMLAND.)
Yue, INEVITABLY, HE
DOOMED! SAID, EXPONEN-
TIALLY 6ROWING

’ POPULATION WILL
<0’ "\WWI E i

FOOD NEEDED
- .

4

OUTSTRIP THE
AVAILABLE FOOD
AT SOME POINT...
Vs
BUT MALTHUS WAS NOT COMPLETELY 6LOOMY! HE OPTIMISTICALLY MAINTAINED w
THAT HUMAN NUMBERS WERE HELD IN BALANCE WITH THE FOOD SUPPLY BY
THREE “PREVENTATIVE CHECKS”
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IT TURNS OUT THAT HE WAS RIGHT,

MALTHUS WAS WRONG HOWEVER, TO
ABOUT THE FOOD IDENTIFY PESTI-
SUPPLY. FOR REASONS LENCE, FAMINE,
WE'LL DIsCUsS IN A AND WAR AS
LATER CHAPTER, FACTORS THAT
FARMERS HAVE LIMIT HUMAN
INCREASED THEIR POPULATIONS...
TOTAL OUTPUT AT A %0 LET'S LOOK

MUCH FASTER RATE

N AT EACH IN TURN.
THAN A STRAIGHT LINE. 7> |

HAS BEEN WITH Us SINCE
THE PAWN OF HISTORY. IT
REPUCES POPULATION IN AN
OBVIOUS AND DIRECT WAY:
BY KILLING PEOPLE.

BUT 6ROUPS WAGE WARS TO WREST
RESOURCES FROM EACH OTHER. THE
WINNING $IDE, DESPITE 1TS BATTLE
LOSSES, MAY GAIN ENOUGH TO THRIVE
AFTERWARD, INCREASING POPULATION.

BESIDES, BIRTHRATES USUALLY 60 UP AFTER WARS, WHEN SOLDIERS COME HOME
TO THEIR WIVES, AND POPULATIONS REBOUND RAPIDLY.




( WAR DOES MOST OF IT5 )
DAMAGE INDIRECTLY, BY
SPREADING DISEASE AND -
Ck

FAMINE.

AN ARMY MARCHES ON 1T5 STOMACH, AND IN THE DAYS BEFORE CANNED AND
FREEZE-DRIED RATIONS, THIS MEANT STRIPPING THE COUNTRYSIDE.

ABSENT AND DEAD
SOLDIERS AREN'T
AVAILABLE FOR FIELD
WORK, EITHER.

e/ Z Y
RN T

) /.

FOOV SHORTAGES LEAVE PEOPLE SUSCEPTIBLE TO DISEASE, AND ARMIES OFTEN
BRING HOME FOREI6N INFECTIONS.




OF COURSE, ONE MAY PERFECTLY WELL

STARVE WITHOUT A WAR.
FAMINE
HAS BEEN A PART OF

AGRICULTURE FROM EARLY
TIMES.

(EVEN IN PEACETIME, FARMERS HAVE BEEN BADLY NOURISHED COMPARED TO
THEIR HUNTER-GATHERER COUSINS. WHEN THE HARVEST 15 BAD, THE EFFECT 15
MALNUTRITION OR STARVATION.

(BY CONTRAST, THE
HUNTER-GATHERER,
WITH A WIDER
VARIETY OF FOOPD
SOURCES, 15 BETTER
ABLE TO SURVIVE THE
LOSS OF ONE OR
MORE OF THEM.)

‘\;\‘ vV T
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BEFORE THE ADVENT OF HI6H-SPEED TRANSPORT AND INTERNATIONAL RELIEF
AGENCIES, EVERY LOCAL CROP FAILURE MEANT FAMINE. CHINESE OFFICIALS
RECORDED 1,828 FAMINES BETWEEN THE YEARS 108 B.C. AND 1910. A BRITISH
LIST RECOUNTS 11 FAMINES IN THE 13™ CENTURY ALONE.




(" EAMINGS TEND TO

BE LOCAL: A POOR
HARVEST IN ONE
REGION HAS LITTLE
EFFECT ON FOOD
SUPPLIES ELSEWHERE.
THEREFORE, THE
EFFECT OF FAMINE ON
6LOBAL POPULATION
16 MINOR, DESPITE THE
DEVASTATION N THE
IMMEDIATE |||l|||1|lTllTl
NEIGHBORKOOD. TIMG

POPULATION

PESTII.EN&E

IT'S DIFFERENT: DISEASES CAN SPREAD ACROS5 CONTINENTS.

oft

FOR EXAMPLE, N THE 13" CENTURY PLAGUE CAME TO EUROPE, CARRIED BY
SAILORS ARRIVING FROM ASIA. BY THE END OF THE CENTURY, EUROPEAN
POPULATION HAD DROPPED 8Y ABOUT HALF.

WELL, AT LEAST
THE TAK COLLECTORS



TO UNDERSTAND EPIDEMIC DISEASES, YOU HAVE TO SEE THINGS FROM THE
MICROBE’S POINT OF VIEW: THE BACTERIA, VIRUSES, AND AMOEBAS THAT CAUSE
DISEASES ARE, LIKE OURSELVES, ORGANISMS LOOKING FOR A HABITAT.

TO S0ME OF THESE
PATHOGENS, A WARM
HUMAN BODY 15 LIKE
HEAVEN ON EARTH.

A WOME -COOKED
MEAL, | TS5 A
HOME, Too!

p—

BUT THESE LITTLE r-STRATEGISTS, BREEDING LIKE MAD, MAY KILL THEIR HOST,
AN UNFAVORABLE OUTCOME FOR THE GERMS, WHO ALSO SUFFER A DIE-OFF.




IT’% MUCH BETTER
FOR THE LITTLE
INFECTIOUS AGENTS
WHEN PLENTY OF
HOS5TS REMAIN
ALIVE, AT LEAST IN
S0ME CONPITION.

THEY MAY CO&EVOLVE WITH HUMANS.
PEOPLE WHO SURVIVE THUE DISEASE
MAY BE GENETICALLY EQUIPPED WITH
A MORE EFFECTIVE IMMUNE RESPONSE
TO THAT PARTICULAR MICROBE...

THE SURVIVING PATHOGEN ALS0O
MUTATES TO A LESS VIRULENT FORM.

6O, PAUGHTER,
AND BE A KINDER,
GENTLER GERM!

THE RESULT 1S5 A MORE RESISTANT
HUMAN POPULATION, INFECTED BY A
LESS DEADLY FORM OF TUE DISEASE.
THE DISEASE 15 NOW SAWD TO BE
ENDEMIC.

THE SUCCESSFUL INFECTION 15 ONE
THAT ALLOWS ENOUGH HOS5TS TO

LIVE, WHILE AVOIDING DESTRUCTION
BY THE HOST'S IMMUNE SYSTEM.

GOOD - 3‘/5 ]
GRANDMOD THER!
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( THIS EXPLAING WHY

FOREI6N DISEASES CAN NOT TUAT 7
BE %0 DGVASTATING TO MMTTERS MyCMH,
15OLATED POPULATIONS: FROM OUR YOINT
IT TAKES TWME TO OF VIEW...

COEVOLVE. FOR EXAMPLE,
WHEN EUROPEANS FIRST
LANDED IN AMERICA,
THEIR DISEASES KILLED
FAR MORE NATIVE
AMERICANS THAN
EUROPEAN WEAPONS.

EUROPE, MEANWHILE, HAD ALSO FALLEN VICTIM TO HORRIBLE PLAGUES. IN
430 BL., 160 AD., 540, THE 13005, ETC. ETC. ETC. USVALLY, THESE WERE
IMPORT ED FROM ELSEWHERE BY SAILORS. '

\, J/

EVENTUALLY, THE WORST PASSES, THE DISEASE BECOMES ENDEMIC, AND
POPULATION AGAIN RISES STEADILY—UNTIL THE NEXT THING COMES AROUND.

)




(" ANOTHER MICROBIAL
STRATEGY 16 TO
SWITCH HOSTS. IF
YOUR HUMAN DIES,
60 ELSEWHERE!

TYPHUS AND
PLAGUE REALLY
DO BEST ON
FLEAS. THE
FLEAS RIPE
BLACK RATS
INTO HUMAN
HOUSEHOLDS,
AND WHEN FLEA
BITES HUMAN,
THE INFECTION
SPREADS.

INFLUENZA PREFERS PI65 AND DUCKS. CHINA, WHERE FARMERS RAISE PI65 AND
DUCKS TOGETHER, 15 THE BREEDING GROUND FOR NEW STRAINS OF FLU VIRUS,
WHICH CROS5ES THE PACIFIC OCEAN EVERY YEAR.
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CONTACT BETWEEN CULTURES SPREADS DISEASE. THUS, EPDEMICS HAVE OFTEN
OCCURRED DURING PERIODS OF PEACE, WHEN DISTANT CIVILIZATIONS COULR
SAFELY MAKE CONTACT BY SAIL OR CARAVAN. SIMULTANEOUS PLAGUES IN CHINA
AND ROME IN THE 1605 MAY HAVE RESULTED FROM TRADE BETWEEN THE TWO
COUNTRIES.

ALL ROADS
LEAD To SoME
WOEOUS 1LLNESS!

BUT DISEASES ARE ALSO SPREAD BY WAR, A5 ARMIES ENTER PARTS UNKNOWN.
(ACCORDING TO ONE THEORY, SYPHILIS CAME TO EUROPE FROM AMERICA WITH

THE CONQUISTAPORS.)
N A
- FEW, LOSE

<M Few.

TODAY, WHEN ANYONE WITH A PLANE TICKET CAN 60 ANYWHERE, INCLUDING THE
DEEPEST WILPERNESS, CONDITIONS ARE RIPE FOR A NEW PANDEMIC.




DISEASE CAN HAVE A MAIOR
IMPACT ON POPULATION

LEVELS. IN ENGLAND AND

FRANCE DURING THE 12005, ¢ é ? ?

FOR EXAMPLE, PLAGUE

CARRIED OFF ROUGHLY 1/3 OF

THE POPULATION—WHILE THE

WARS, REVOLTS, AND FAMINES

THAT FOLLOWED N PLAGUE'S |

WAKE KILLED ANOTHER 1/3. [rr

HUMAN HISTORY HAS SEEN THE POPULATION 6ROWTH CURVE DROP SEVERAL
TIMES.

j||IIIITITjI"r|||III|I|IIIl|

BUT WE REPRODUCE FAIRLY RAPIDLY, -

- AND AT NO TIME WAS THE SURVIVAL Wh
OF THE SPECIES SERIOUSLY QRECTION
THREATENED. CERTAINLY, FOR THE
PAST 500 YEARS OR 50, THE TREND
HAS BEEN IN ONE DIRECTION ONLY:

1e




IF YOU LOOK AT POPULATION IN THE WORLD TODAY, YOU G6ET A SURPRISE: IN
THE DEVELOPED WORLD OF THE RICHER COUNTRIES, POPULATION 15 BARELY
GROWING, WHILE IN THE POORER, PEVELOPING COUNTRIES, IT'S S0ARING.

PEVELOPED WORLD PVEVELOPING WORLY

4 )
IN THE DEVELOPING WORLD, THE

LIMITING FACTORS OF WAR, 19 Goop o
STARVATION, AND DISEASE STILL e N

PLAY A ROLE, BUT THEIR
EFFECTS HAVE BEEN MITIGATED
BY ANTIBIOTICS AND PUBLIC
SANITATION. THE HIGH BIRTH
RATE OF THESE MAINLY
AGRICULTURAL SOCIETIES THEN
PRODUCES HIGH POPULATION
6ROWTH.

IN THE DEVELOPED WORLD, IT SEEMS, THERE 15 A NEW LIMITING FACTOR FOR
HUMAN POPULATION, ONE THAT MALTHUS DIDN'T FORESEE: PROSPERITY. WHEN
PEOPLE HAVE A HIGH COMFORT LEVEL, ACLESS TO BIRTH LONTROL, ANP THE
SECURITY THAT THEIR CHILDREN WILL SURVIVE TO ADPULTHOOD, THEY HAVE
SMALL FAMILIES!!




STILL, WHEN YOU ADD THE NUMBERS TOGETHER,
YOU FIND THAT 6LOBAL POPULATION 15 STILL
RISING RAPIDLY. ALL THESE PEOPLE NEED FOOD,
SHELTER, AND HEAT IN THE WINTER, NOT TO
MENTION CARS AND COMPUTERS AND TELEVISIONS.
IN THE NEXT CHAPTER, WE EXAMINE WHAT OUR
EXPLODING ENERGY NEEDS HAVE MEANT TO THE
OTHER SPECIES OF THE WORLD.

0n d 4
| % <
v WIMM M pm 1 00 A

GRRRIND WA "‘*:«MMM»

@W: B&gm BEEEP pmpp

EEEP BEEP

WBE HA HOAHA
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o CHAPTER § <

BYE BYE, BIOME!

1 TAINK 17
TRE LAVOH
TRACK THAT
GETS ME THE
WORST..

A% THE HUMAN SPECIES HAS DIVERTED BIOLOGICAL RESOURCES TO
ITS OWN USE, THE EFFECT ON MOST OTHER SPECIES HAS BEEN
DEVASTATING. IN THIS CHAPTER, WE SEE HOW DEFORESTATION,

COMMERCIAL HUNTING, AND OTHER HUMAN ACTIVITIES HAVE AFFECTED

THE BIOSPHERE... AND WE WARN YOU, IT 15N'T A PRETTY PICTURE!
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(oW MANY SPECIES ARE
THERE ON EARTH?
NOBODY KNOWS... EVERY
YEAR, SCIENTISTS
DISCOVER NEW ONES,
AND NO ONE CAN 5AY
HOW MANY MORE HAVE
YET TO BE FOUND. TO

_DATE, SOME 1.4
MILLION SPECIES WAVE
BEEN IDENTIFIED, AND
ESTIMATES FOR THE
BALANCE RUN FROM
ONE MILLION TO
100 MILLION(!).

OF THE KNOWN ANIMAL SPECIES, LESS THAN 4% ARE VERTEBRATES, AND HALF
OF THESE ARE FISH. THE REMAINING 2% 1S DIVIDED AMONG BIRDS (0.8%),

REPTILES AND AMPHIBIANS (0.8%), AND MAMMALS (0.4%). ABOUT 95% OF ALL
ANIMAL SPECIES ARE ARTHROPODS (INVERTEBRATES WITH JOINTED BODY AND
LIMBS), A CLASS THAT WCLUDES INSECTS, SPIDERS, LOBSTERS, AND SCORPIONS.

PERCENTAGE OF TOTAL KNOWN SPECIES

° ,
6% 1% 08% 08% 0.4%
[ [ r_:_-[ { S ey = ——_— N,
WORMS  ARTHRO. FISH  RePTites BIRDS  MAMMALS

2CLAMS 0vs " AMPHIBANS

& SucH
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SPECIES ARE NOT SPREAD EVENLY AROUND THE GLOBE. SOME PARTS OF THE
WORLD, MOST NOTABLY THE TROPICS, HAVE A MUCH GREATER VARIETY OF
FLORA AND FAUNA THAN ELSEWHERE. HERE 15 A MAP SHOWING THE REGIONS
OF MEGADIVERSITY.

AN
MADAGASCM C:)

15LANDS N PARTICULAR MAY BE HIGHLY
DIVERSE. MADAGASCAR, FOR EXAMPLE,
WHICH WAS ONCE CONNECTED TO THE
AFRICAN MAINLAND, BECAME AN 1SOLATED
HAVEN FOR ANCIENT SPECIES THAT DIED
OUT IN OTHER PLACES. TODAY, 50ME
10% OF ALL KNOWN 5PECIES LivE
IN MADAGASCAR, INCLUDING FIVE TIMES
AS MANY KINDS OF TREES AS IN ALL
NORTH AMERICA!

AUSTRALIA SPLIT OFF FROM ASIA
WHEN MARSUPIALS WERE COMMON.
IN MOST OF THE WORLD THESE
PRIMITIVE MAMMALS WERE
LARGELY DISPLACED BY PLACENTAL
MAMMALS, BUT IN AUSTRALIA THEY
FLOURISHED AND DIFFERENTIATED
INTO EVERYTHING FROM KANGA-
ROO% TO WOLFLIKE CARNIVORES.

I MM LOOK LIkE
A WOLF, BuT 'M
8€N-L1 A KIND oF
Vicious Possuml
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DESPITE THEIR DIVERSITY, ISLAND
ECOSYSTEMS ARE OFTEN FRAGILE. THIS
MAKES THEM A DRAMATIC MICROCOSM
FOR THE EFFECTS OF HUMAN BEINGS ON
THE BIOSPHERE.

ON MADAGASCAR, FOR EXAMPLE, FARMERS
HAVE STRIPPED OFF OVER 90% OF THE
TROPICAL FOREST, THREATENING THE
MOST DIVERSE ECOSYSTEM ON EARTH.

THE SUBSEQUENT EROSION DESTROYS
THE QUALITY OF FARMLAND A$ WELL.
(INDPONESIA AND THE PHILIPPINES ARE
MOSTLY CLEARED, TOO.)

124

WHEN EVUROPEAN SHIPS BEGAN
CIRCLING THE 6LOBE, THEY
WREAKED HAVOC ON MANY AN
1SLAND.

ON ISLANDS WITHOUT LARGE
PREDATORS, ANIMALS HAD NO
URGE TO FLEE THE NEW HUMAN
ARRIVALS. THE DOPO BIRD, FOR
EXAMPLE, WAS SUCH A DOCILE
TARGET THAT |T WAS TOTALLY

~ EXTINCT Y 1680.

THIS WOULD
S ke

\ 'D
MAKE A RUN

DITTO THE MOA, THE ELEPHANT
BIRD, AND THE TASMANIAN EMU.



EUROPEAN SETTLERS CLEARCUT
CARIBBEAN I5LANDS FOR SUGAR
PLANTATIONA..

MODERN COMMERCIAL
“HUNTER-GATHERERS”
ASSAULTED SEABIRD
POPULATIONS BY
HARVESTING EG665,
MEAT, AND FEATHERS
FROM THEIR ISLAND
NESTING GROUNDS.

IMPORTED SHEEP AND CATTLE TO
AUSTRALIA, WHERE NONE HAD
BEEN BEFORE. NOW THERE ARE
100 MILLION SHEEP AND

2 MILLION COW5 IN AUSTRALIA.

BA-A-A-A L
BAA-AA

, AT THE TURN OF THE CENTURY,
MILLIONS OF PROCESSED ALBATROSS
K aareen\ SXVEER Wl E66%5 WENT INTO U.5. ARMY RATIONS,

AND THE ALBATROSS LAYS JUST ONE
EGG PER YEAR. THE ALBATROSS HAS
SURVIVED, BUT THE GREAT AUK,
HUNTED FOR MEAT AND FEATHERS,
WENT EXTINCT BY 1844.

AND EVERYWHERE, THEY BROUGHT
OGS, P65, AND RATS THAT
PEVOURED BIRDS’ E665 AND
DISPLACED COMPETITORS.

WHAT A CRUEL
Joke' PO You ReALIZE
WHAT (e PIGS HANVE
To EKT, NOW THAT

THE ELGS ARE (OMER
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BEFORE YOU CONDEMN
YOUR OWN $SPECIES FOR
TS WANTON BEHAVIOR,
NOTE THAT MOST OF THIS
DESTRUCTION WAS DONE—
AND CONTINVES TO BE
DPONE—TO PROVIVE
PEOPLE WITH FOOD,
CLOTHING, SHELTER, AND
OTHER NECESSITIES.

THERE ARE VERY Few
CHICKENS N THE MIDDLE
OF THE OCEAN!

J

IN THE DAYS BEFORE PLASTIC AND PETROLEUM, PEOPLE USED WHALE-OIL LAMPS,

FIREWOOV AND CHARCOAL, BEAVER HATS, BADGER-BRISTLE BRUSHES, DEERSKIN

6LOVES, LOG HOUSES, AND WALRUS-HIDE BULLETPROOF VESTS.

Goo®
“WING TREY RE
NOT SWOOTING

rou THE OTHER HAND, IT
15 A LITTLE HARDER TO
JUSTIFY KILLING
ELEPHANTS FOR IVORY
PIANO KEYS, TORTOSES
FOR FORTUNE-TELLING
(IN CHINA), CHAMOIS FOR
SILVER-POLISHING RAGS,
OR O5TRICH, FLAMINGOS,
BIRDS OF PARADISE, AND
EGRETS JUST FOR THEIR
ORNAMENTAL FEATHERS.
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(THE CVILIZED 5YSTEM THAT )
PRODUCES THIS SLAUGHTER 15

COMMERCIAL WUNTING

(AND FI5HING, FOR THAT MATTER).

- LK

SR
< IO

UNLIKE THE SUBSISTENCE HUNTER, WHO KILLS ANIMALS FOR USE BY HIMSELF
AND HiS FAMILY, THE COMMERCIAL HUNTER SERVES A DISTANT MARKETPLACE.
FOR EXAMPLE, THE PLAINS INDIANS KILLED A FEW BISON AND THEN USED MEAT,
HIDE, AND ALL, WHEREAS BUFFALO BILL SLAVGHTERED THE ANIMALS WHOLESALE
60 BUTCHERS COULD CUT OFF THE HUMPS AND TONGUES AND SHIP THEM TO
LRA!LROAD WORKERS FOR DINNER, WASTING THE REST. : »

.~ \(l’

GENERALLY SPEAKING, THE
SUBSISTENCE HUNTER MARSHALS
HI5 RESOURCES CAREFULLY. WHEN
ONE S0URCE OF FOOD RUNS LOW,
HE SWITCHES TO SOMETHING ELSE.
THIS STABILIZES THE ECOSYSTEM.

INGTRB|LATY
JUST MAKES
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(COMMERCIAL HUNTING, BY CONTRAST, 15 INHERENTLY UNSTABLE. WHEN AN ANlMAL\
RESOURCE BECOMES SCARCE, TS PRICE 60E5 UP, DRIVING THE HUNTER TO HUNT

EVEN MORE.
s @D
[ FEATHER,'
—
5@

BESIDES, WHAT'S THE COMMERCIAL HUNTER TO DO? HE'S A SPECIALIST...
HUNTING 15 HIS JOB (AGAIN, UNLIKE THE HUNTER-6ATHERER, WHO 15 MORE OF
A GENERALIST).

NOTE: THIS 16 NOT TO BE CONFUSED
WITH WNTING. FOR $PORT. SPORT aany
HUNTING HAS ALMOST ALWAYS BEEN —

CLOSELY REGULATED, AND SPORTSMEN i’i* :;
b

LIKE THEODORE ROOSEVELT WERE
AMONG THE FIRST CONSERVATIONISTS.

o/

<%
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THE STARKEST EXAMPLES

OF COMMERCIAL HUNTING'S
EXCESSES COME FROM THE
EUROPEAN COLONIZATION OF
NORTH AMERICA, WHERE
PREVIOUSLY THE INHABITANTS
HAD MAINTAINED AN
ENVIRONMENT OF VAST
FORESTS AND ABUNDANT
WILDLIFE.

P
QJ@:&(&H&/ |

v

THE NUMBERS ARE STAGGERING: 379,012 POUNDS OF SPERMALET! (WHALE w
6LOP) EXPORTED FROM THE EAST COAST IN ONE YEAR (1770).. BETWEEN
121,355 AND 612,000 DEERSKINS SHIPPED FROM SOUTH CAROLINA EVERY YEAR
BETWEEN 1706 AND 1748.. 500,000 5NOWY EGRETS FROM VENEZUELA N 1848...
130,000 BIRD SKINS IN 1892 FROM ONE FLORIDA FEATHER MERCHANT ALONE..
118,000 SEA OTTER PELTS N 1856.. FEATHERS FROM 48,000 CONDORS ON
DISPLAY IN LONDON SHOPS IN 1913..

IN ALL, HUNTERS EXTERMINATED AN ESTI-
" MATED TOTAL OF 62 MILLION BISON,
200 MILLION BEAVER, 5 BILLION
PRAIRIE DOG%, AND UNCOUNTED
BILLIONS OF PASSENGER PIGEONS.




TO DESTROY AN ECOSYSTEM, IT 15 NOT NECESSARY TO HUNT EVERY SPECIES TO
DEATH. REMOVAL OF JUST ONE SPECIES MAY HAVE A PROFOUND EFFECT ON
OTHERS, JUST AS REMOVING THE KEYSTONE HAS AN EFFECT ON AN ARCH.

/r

keNSTONE

o —

ARK WITH KEYSTONRE ws- AND WITHOUT

( AND 50 WE HAVE THE
CONCEPT OF A

RKENSIRONIE
SPBECIES.,

THESE SPECIES ARE NATURES
ENGINEERS, WHOSE
ACTIVITIES ALTER THE ENVIRON-
MENT IN WAYS THAT (REATE
HABITATS FOR OTHER ANIMALS
AND HELP DETERMINE THE
ECOLOGY OF THE KEYSTONE
\6PECIE$’ SURROUNPDINGS.

AN EXAMPLE 15 THE BEAVER, WHOSE DAM BUILDING CREATES WETLANDS AND
CONVERTS FORESTS TO MEADOWS. THE BEAVER MAKES TS ENVIRONMENT
MOIWSTER THAN IT WOULD HAVE BEEN, BEAVERLESS.

AN NG
.
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BUT THE BEAVER'S PELT MADG >
IRRES\STIBLE HATS.. THE BEAVER ‘ ‘

WAS HUNTED TO NEAR EXTINCTION

BY 1840.. AND ALTHOUGH THE ]
ANWMALS HAVE BOUNCED BACK SINCE
THEN, THEIR CURRENT POPULATION "

(AROUND 4-12 MILLION) 15 ONLY
5% OF WHAT IT WAS—AND OUR
LANDSCAPE HOLDS MUCH LESS
WATER THAN IT USED TO.

OTHUER KEYSTONE $PECIES
INCLUPE THE ALLIGATOR (IT
D65 WATER-RETAINING HOLES)
AND THE PRARIE PO6 (IT5
UNDERGROUND TOWNS PROVIDE
HOMES FOR MANY OTHER .
ANIMALS, AERATE THE SO\, AND
INCREASE 1T5 ABSORBENCY).

AT 71 @V'

/\l//
o

BUT RANCHERS SAW PRAIRIE DPO6 TOWNS A5 NOTHING BUT A BUNCH OF LEG-
BREAKING HOLES FOR COW$S TO STEP IN. EVEN THOUGH CATTLE ACTUALLY
PREFERRED TO DINE AMONG PRAIRIE DOGS (THE 6RAS% 15 TENDERER THERE),
RANCHERS POISONED THE PRAIRIE PO65 TO MAKE THE WORLD SAFE FOR CATTLE.

/

"N P
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IN ADDITION TO OVERHUNTING,

COMPETITIV]
EXGIUSION

HAS DEPRWED WILD SPECIES OF
THEIR HABITATS. IN THE U.5, PEOPLE
HAVE PLOWED 98% OF THE 6RAS5-
LANDS, CUT DOWN 94% OF THE
VIRGIN FOREST (ALTHOUGH SOME
HAS GROWN BACK), AND FILLED
OVER 50% OF THE WETLANDS.

MIGRATION ROUTES ARE INTERRUPTED BY HIGHWAYS, WHICH BLOCK THE MOVE-
MENTS OF SMALL ANIMALS AS SURELY AS MOUNTAINS OR RIVERS.

EVEN WHERE PATCHES OF HABITAT
ARE LEFT, THEY ARE OFTEN TOO
SMALL AND DISCONNECTED TO
SUSTAIN A VIABLE POPULATION:
THE “SLAND EFFECT”



( TODAY, IN AN EFFORT TO
PRESERVE A% MUCH BIO-
DIVERSITY A5 POSSIBLE,
ECOLOGISTS TRY TO \DENTIFY
PLANTS AND ANIMALS AT RISK
OF EXTINCTION WHILE THEY'RE

- STILL ALWVE.

AN ENDANGERED SPECIES |5 ONE WITH 50 FEW SURVIVORS THAT THE
SPECIES 15 AT IMMEDIATE RISK OF EXTINCTION OVER ALL OF 1T RANGE.
EXAMPLES INCLUDE THE CALIFORNIA CONDOR (FEWER THAN 100 KNOWN
INDIVIDUALS), THE JAVAN TI6ER, AND THE AFRICAN WHITE RHINOCEROS.

OVER 100 LARGE
VERTERRATE
¢PeCies WAVE
TEWER THAN
100 INDIVIDUALS
LEFT..

AN ENDANGERED SPECIES MAY HAVE ONE OR
MORE OF THESE CHARACTERISTICS: LARGE SIZE,
(EASILY HUNTED), FEW OFF5PRING (5LOW TO
REPRODUCE), UNIQUE UABITAT (NOWHERE ELSE
TO 60), SPECIALIZED DIET (KILL THEIR FOOD
AND THEY'RE DEAD), TOP OF THE FOOD CHAIN
(POISONED BY POLLUTION, MORE WAYS TO
DISRUPT THEIR FOOD SUPPLY), EAT LIVESTOCK
(50 THEY'RE HUNTED), MIGRATORY (EASILY
HUNTED), OR OTHER RI5KY BEHAVIOR (DITTO).

IN SHORT: HUNTED,
HUNTED, HABITAT DE-
STRUCTION, HABITAT

PESTRUCTION, HABITAT
DESTRUCTION, HUNTED,
HUNTED, HUNTED.
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THREATENED SPECIES

ARE THOSE WITH REASONABLE POPULATIONS
IN THEIR NATURAL HABITATS, BUT WHOSE
NUMBERS ARE FALLING OR HABITATS ARE
SHRINKING. EXAMPLES WNCLUDE THE BALD
EAGLE AND THE 6RIZZLY BEAR, WHICH
WOULD BOTH BE ENDANGERED, \F NOT
FOR CURRRENT ENVIRONMENTAL LAWS.

. THESE ARE THE FIRST TO BE AFFECTED WHEN
THEIR ENVIRONMENT 15 BEING DEGRADED.

)

'{ FEEL LIKE
CROAKING.

[ WHEN IT COMES TO ASSESSING THE HEALTH OF AN ECOSYSTEM, WE RELY ON T

{(NPIGATER SPECIES.

'S )
b

IN THE V.5, MIGRATORY SONGBIRD POPULATIONS HAVE FALLEN BY HALF. THEIR
NORTHEASTERN HOMES HAVE BEEN FRAGMENTED, CREATING EDGE WABITATS FOR
PREDATORS LIKE COWBIRDS, JAYS, RACCOONS, AND HOUSE CATS, WHILE THEIR
WINTER QUARTERS, THE TROPICAL RAINFORESTS, ARE BEING LOGGED.

AMPHIBIANS ARE ALSO
INDICATOR SPECIES, SINCE
THEIR THIN 5KIN AND
PERMEABLE E665 EXPOSE
THEM TO POLLUTANTS IN
AIR, WATER, AND SOIL.
AMPHIBIAN POPULATIONS
HAVE BEEN FALLING
WORLDWIPE, EVEN N
HABITATS THAT APPEAR
SUPERFICIALLY HEALTHY.
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IT'S HARD TO EST\MATE THE RATE OF
SPECIES EXTINCTION HISTORICALLY, BUT IT
HAS DEFINITELY ACCELERATED IN RECENT
YEARS. BY THE 19705, 1000 SPECIES A
YEAR WERE 60WNG EXTINCT(!), AND BY
1990 THE ANNUAL RATE HAS SOARED TO
AN ASTONISHING 4000-6000, ACCORD-
ING TO HARVARD BIOLOGIST E.O. WILSON,

VIRTUALLY ALL FLORA AND FAUNA ARE DECLINING, AND THOUSANDS OF
UNKNOWN $PECIES ARE ALMOST CERTAINLY FALLING WITH THE TROPICAL
RAINFOREST%.

IN 1989, ECOLOGISTS AT STANFORD UNIVERSITY CALCULATED AN ESTIMATE OF
HOW MUCH OF THE EARTH'S NPP (NET PRIMARY PRODUCTION—I.E., USABLE
PLANT BIOMASS) 15 NOW USED BY HUMANS.

THEY CONCLUPED THAT WE
NOW_CONTROL AROUND

UM-- WHAT's
OUR DOUBLING
TIME AGAIN?

OF ALL LAND-BASED NPP. WE
ACTUALLY GAT ONLY 3%, BUT WE
CONSUME THE OTHER 36% IN
THE FORM OF (ROP WASTES,
FOREST CLEARING, DESERTI-
FICATION, AND SETTLEMENT.




HUMAN POPULATION 15 EXPECTED TO DOUBLE IN THE NEXT 50 YEARS.
UNLESS WE CHANGE OUR PATTERNS OF USAGE AND CONSUMPTION, WE
WILL BE USING NEARLY ALL LAND-BASED NPP AND MUCH OF THE
OCEAN'S, AND WORLD BIODIVERSITY WILL BE A THING OF THE PAST.

THE FuToRe 0\ (1= | N L f &g
1l ; W . . . ke Q Q
. &g

WHY SHOULD WE CARE IF 6LOBAL DIVERSITY DISAPPEARS? BECAUSE, IN
EFFECT, WE ARE PERFORMING AN \MMENSE EXPERIMENT ON THE PLANET,
TAKING SYSTEMS APART AND THROWING AWAY THE PIECES. WE KNOW VERY
LITTLE ABOUT THE NATURAL WORLD: HOW ANIMALS LEARN, NAVIGATE, OR
COMMUNICATE, WHAT MEDICINAL PLANTS STILL LURK IN THE PEPTHS OF THE
RAIN FOREST—AND MOST (CRITICALLY, WHETHER THE SIMPLIFIED ECOSYSTEM
WE ARE %0 BUSILY CREATING CAN SUSTAIN ITSELF.

VM. DOES
TS MACHINE
HAVE BRAKES?
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v CUAPTER 10~

ENERGY WEBS

HUMAN BEINGS, ALONE AMONG ANIMALS, HAVE FOUND WAYS TO USE
NON-FOOD ENERGY N OUR LWES. BURNING WOOD AND OIL HEAT
OUR HOMES: ELECTRICITY POWERS OUR ELECTRIC TOOTHBRUSHES,
LIGHTS OUR BULBS, AND RUNS OUR COMPUTERS; GASOLING FIRES
OUR CARS. WE SQUANDER THE STUFF, ESPECIALLY PETROLEUM
PRODUCTS, AS IF THERE WERE NO TOMORROW.

> \ WA\T
= THERES A
' , = = TOMORROW?

o ) 2 5
PN

~43)

I\ X

[ BUT AS FAR AS WE KNOW, &  _» THIS 16 UPSETTING \ )

NOW \ UNE To Go
PRIVE AROUND ANp

THE AMOUNT OF FO%5IL FUEL
IN THE WORLD 15 STRICTLY
LWMITED. WHAT ARE WE 60OING
TO PO ABOUT IT?
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[ WHAT 15 ENERGY, ANYWAY? (WE'VE MANAGED TO 60 9 CHAPTERS WITHOUT |

SAYING EXACTLY.) FOR THE MOMENT, LET'S PRETEND THERE ARE ONLY TWO
KINDS OF ENERGY, OR AT LEAST TWO WAYS TO THINK ABOUT ENERGY: AS
HEAT ANv WORK.

'heat
work

ON THE ONE HAND, ENERGY CAN ON THE OTHER HAND, IN MECHANICAL

BE THOUGHT OF AS AN AMOUNT TERMS, ENERGY 16 THE SAME AS

OF HEAT. \F YOU BURN FUEL, WORK. \F YOU PUSH SOMETHING
THE ENERGY RELEASED 15 : WITH A FORCE OVER A DISTANCE,
(NEARLY) THE SAME AS THE : THE ENERGY EXERTED 15 (NEARLY)
TOTAL AMOUNT OF HEAT 6IVEN THE PRODUCT OF THE FORCE TIMES
OFF. (50ME ENERGY 15 ALSO THE DISTANCE. (50ME ENERGY 15
EMITTED AS LIGHT) ALSO DISSIPATED AS HEAT DPUE TO

-
-
-
.
-
.
.
L]

\Q\\\\\\\\‘ SO/ // 4 FRICTION.)

NN 75 }

. f |74
"/;//

// ,/ < Force
sl (ll / “ I
T Je—DrsTance ]

/?m w& Energy = Force « distance

FOR MOST OF HUMAN 0.K. Somegoy

HISTORY, THESE WERE 6O WORK! é@-/’"
THE KINDS OF b,
ENERGY PEOPLE | >% th ’f’
NEEDED: HEAT AND 5\\
WORK.
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AT FIRST, THERE ERQVE
WAS BASICALLY ONLY -\'oI BZE\ZORQR\?PeD.
ONE SOURCE OF ‘ '

HEAT, AND THAT WAS
BIOMASS: WOOPD,
S$TRAW, OR, WHERE
WOOD WAS SCARCE,
DRIED COW DUNG
(AS IN INDIA), ETC.

{ ] TN
MECHANICAL ENERGY ALSO CAME FROM BIOMASS: ANIMAL POWER--OR BRUTE

FORCE~AND THE BRUTE IN QUESTION USUALLY HAD TWO LEGS.

EVEN WHEN ANIMALS WERE HARNESSED, THEIR FUEL EFFICIENCY WAS LOWER
THAN HUMANS’: LE., THEY CONSUMED MORE FOOD TO DO THE SAME WORK.
ECONOMICS DICTATED THAT HUMANS DO MOST OF THE WORK, SAVING ANIMALS
FOR THE REALLY HEAVY LIFTING AND HAULING.
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(EVEN WITH THESE LIMITATIONS,
PEOPLE BUILT GREAT CIVILIZATIONS.
IN MANY CASES, THE CONSTRUCTION
WORKERS WERE SLAVES: HUMAN
ENERGY USED EN MASSE AND FED
AS LITTLE AS POSSIBLE.

PEOPLE ALSO CREATED STRENGTH-
ENHANCING INVENTIONS LIKE THE
LEVER: U5ING A LEVER, A GENTLE
PUSH EXERTED OVER A LONG DISTANCE
15 CONVERTED INTO A Bl6 PUSH
EXERTED OVER A SHORT DISTANCE.

\\

CLAW
WAMMER

HEAT-ENHANCERS WERE FOUND TOO: WOOD
WAS REDUCED TO CHARCOAL, WHICH BURNS
HOTTER, AND OVEN$, KILNS, AND SMELTERS
WERE DESIGNED TO BAKE ANYTHING FROM
BREAD TO BRICK TO METAL. WHENEVER
PO%%IBLE, THESE FACTORIES WERE BUILT
NEAR FORESTS, THE FUEL SUPPLY.




(AND LET’S NOT FORGET THE MACHINERY
DRIVEN BY WATER WHEELS AND WIND POWER.)

e
THAT'S HOW EVERYTHING RAN UNTIL AROUND 1700, WHEN A NEW INVENTION )

REVOLUTIONIZED TECHNOLOGY: THE

——
3

N AT AU WS S . N Ty
b 3

n——

WHAT WAS 50
DIFFERENT ABOUT
THE S5TEAM ENGINE?
IT WAS THE FIRST
MACHINE THAT
CONVERTED HEAT
. INTO WORK! LIGHT
A FIRE, AND THINGS
MOVED!!!

14



THE STEAM ENGINE sADI CARNOT
HAD TWO GREAT (1796-1932) WAS
GFFECTS, ONE INSPIRED TO
INTELLECTUAL AND INVENT TUE
SCIENTIFIC, THE THEORY OF
OTHER PRACTICAL. HEAT, WHIcH
TURNED
EVENTUALLY
INTO THE
SCIENCE OF

ON TUE
SCIENTIFIC 510G,

THERMODYNAMICS UNITES THE TWO
VIEW% OF ENERGY: HEAT AND WORK
ARE JUST TWO FORMS OF THE
SAME THING, AND TUEY WERE
INTERCONVERTIBLE. YOU CAN CHANGE
HEAT INTO MOTION, AND VICE VERSA.

=3

heates work

!

THE STEAM ENGINEG 15 A CONVERTOR:
ENERGY 60E% IN AS HEAT AND 15
CONVERTED TO MECHANICAL (OR
KINETIC) ENERGY.

Rk S\\\\\m'
;‘:g\i\‘ AN

FURNACE

BUT THE CONVERSION 1S NEVER 100%
EFFICIENT. SOME OF THE BOILER’S
HEAT ALWAYS ESCAPES, AND THE
MGCUANICAL OUTPUT 1S ALWAYS
SLOWED BY FRICTION, WHICH PRO-
PUCES HEAT. (JUST TRY RUBBING
YOUR HANDS TOGETHER.)

§:J: )

TO SUMMARIZE,

heat energy input

mechanical
out

als
waste heat

energy
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FOR EXAMPLE, SRAVITATIONAL ENERGY
MAKES WATER FLOW DOWNSTREAM,
TURNING A WATER WHEEL, WHICH £AN PO
WORK, WHETHER GRINDING 6RAIN OR
HOISTING MINERALS FROM A MINE.

IT WAS SOON
RECOGNIZED THAT
ALL ENER6Y, NOT
JUST HEAT ANPD

WORK, WERE

REALLY THE 4 K 7 :

SAME. GRAVITY, = — :

ELECTRICITY, AVAL A=

CHEMICAL 3 JE; o=

REACTIONS, ok ==

SOUND, LIGHT: 52 5 .

ALL WERE TYPES ) _

OF ENERGY THAT :

MI\GHT BE CONVERTED, i 0 A

CHAMELEONLIKE, ONE (5 -\ =

TO THE OTHER. S/ N & A
AGAIN, TUE ALSO, BY THE S&CONP LAW OF
MILL 1S A THERMODPYNAMICS (SGE P. 70), EVERY
CONVERTOR, MACHINE MUST WASTE SOME ENERGY,
CHANGING MAINLY DISSIPATING IT INTO THE
GRAVITATIONAL ENVIRONMENT A% HEAT.
ENERGY INTO
MECHANICAL
ENERGY.

IN OTHER WORDS, ALL ENERGY
TECHNOLOGY CONSISTS OF HEAT
CONVERTORS, WHICH ARE

ALWAYS LESS THAN 100%

EFFICIENT.

MECHAMICAL
ENERGY INPLT CONVERTOR OuTPUT
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THE SECOND, MORE PRACTICAL ALREGADY BY 1700, ENGLAND WAS MOSTLY

EFFECT OF THE STEAM ENGING PEFORESTED BY WOODCUTTERS SEEKING
WAS AN INCREASE IN THE FUEL AND FARMERS CLEARING FIELDS.
DEMAND FOR STUFF TO BURN. WHERE WAS FUEL TO COME FROM?

FARK RS
AR
QPN LT R,

- - /;’a 'f‘l
G

<\° (A LUMP

OF COAL!)

HERE WAS ANOTHER REVOLUTION: FOR THE FIRST TIME, PEOPLE DREW HEAT
ENERGY NOT FROM LIVING BIOMASS, BUT FROM A FO%SIL FUEL: SOLAR
ENERGY STORED IN AN IMMENSE, BURIED RESERVOIR OF LONG-DEAD PLANT
MATERIAL. GRADUALLY, NEW ENERGY BEGAN ENTERING THE BIOSPHERE..
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THE STEAM ENGINE
WAS FOLLOWED BY AN
EXPLOSION, AND NOT
ONLY OF BOILERS...

BUT ALSO AN
EXPLOSION OF
INVENTIONS AND
WE HIVE
DISCOVERIES. GO N
b WAN To SCRewW
THESE TuINGS
ToLETHER ¢
( OVER THE NEXT 200 YEARS CAME A SERIES OF NEW CONVERTORS, NEW )

TECHNOLOGIES, NEW FUELS, EVEN NEW FORMS OF ENERGY, LIKE ELECTRICITY.

FOR EXAMPLE: INTERNAL COMBUSTION ENGINE
(OIL—>HEAT->MOTION), THE DYNAMO
(MOTION->ELECTRICITY), ELECTRIC MOTORS
(ELECTRICITY->MOTION), NUCLEAR REACTORS
(NUCLEAR—>HEAT—>ELECTRICITY),
HYDROELECTRIC (FALLING WATER—>
ELECTRICITY), LIGHT BULBS (ELECTRICITY—>
LIGHT), 6A5 STOVES (NATURAL 6AS—>HEAT)...

JUST LIKE THE INVENTION OF AGRICULTURE, THE USE OF FO%5IL FUELS PUT
NEW ENERGY IN HUMAN HANDS. THE EFFECTS WERE SIMILAR: MORE PEOPLE
AND MORE ORGANIZATION. THIS TIME IT WAS CALLED THE

INPOUSTRAS [ ILGDTU@\MO —

REMEMBER N\ L/ - e
g G BN et 115
ON_CONTINQOUS
Y INJECTIONS
FROM OUTSIDE
THE SYSTEM!




rAN ENERGY NETWORK RESEMBLES A FOOD WEB. START WITH AN ENERGY A
SOURCE, LIKE AN OIL WELL.. THE FUEL MUST BE EXTRACTED, USING UP SOME
ENERGY IN THE PROCESS (TO RUN THE PUMP, FOR EXAMPLE).. TRANSPORTED,
AGAIN AT SOME ENERGY (O5T.. STORED.. DISTRIBUTED.. AND CONVERTED TO
USEFUL FORM. EACH STAGE WASTES SOME ENERGY AND LOWERS THE OVERALL
EFFICIENCY OF THE SYSTEM.

INPUT oVTPUT

EXTRMTiON TRpNS- REFINE. PISTRIB
0N oion  Menr.  CTORME PRl

FINAL
CONVERSION
JUST AS WITH FOOD WEBS, THE EFFICIENCY AT EACH STAGE 15 THE PERCENTAGE
OF ENERGY THAT SURVIVES THE PROLESS IN USABLE FORM. FOR EXAMPLE, TO

COMPUTE THE EFFICIENCY OF MOVING A TANKER FULL OF OIL FROM ONE PLACE
TO ANOTHER, YOU HAVE TO ACCOUNT FOR THE OIL USED IN DRIVING THE TRUCK.

L. oil in tanker
efficiency =

oil in tanker + .0il usedin
driving it around

TO BE COMPLETE, ALSO WCLUDE
SOME OF THE ENERGY USED TO
MANUFACTURE AND MAINTAN THE
TRUCK, AND THE WIGRWAY, TOO!

THE OVERALL EFFICIENCY AT ANY STAGE OF THE ENERGY NETWORK 15 THE
PRODUCT OF THE EFFICIENCIES OF ALL THE PREVIOUS STAGES. HERE 1S A
HYPOTHETICAL EXAMPLE:

EXTR. TRANSP.  REF.

DERERE

095 % 09%0.7x 096 * 089 % 0.1 = ‘0-097 ~ ]o ‘/O \
L | J
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le YOU THINK THIS LOOKS INCREDIBLY WASTEFUL, YOU ARE RIGHT! A TYPICAL
AUTOMOBILE ENGINE 15 AT MOST ABOUT 20% EFFICIENT AS A CONVERTOR. IF
THE SYSTEM THAT EXTRACTS, REFINES, AND DISTRIBUTES PETROLEUM PRODUCTS
15 50% EFFICIENT (A REASONABLE ESTIMATE), THEN THE ENERGY ACTUALLY
PELIVERED TO A CAR'S WHEELS 15 NO MORE THAN 70% OF THE CHEMICAL
ENERGY IN THE ORI6INAL PETROLEUM.

AVD DD
You 12€
ROW MANY
DINOSMNIRS \T
TA:ES To MAKE

BUT WHEN |T COMES TO INEFFICIENCY, THE KING OF CONSUMPTION, THE SULTAN

OF SLACK, THE WAZIR OF WASTE, 15 ELECTRI C|Ty
L 4

MAYBE (m
NOT AS BRIGHT
. A5 1 QUGUT
TOo BE...

ONE REASON 15
SIMPLE: MANY
ELECTRICAL
CONVERTORS ARE
GROS5LY INEFFICIENT.
AN INCANDESCENT
LIGUT BULB, FOR
EXAMPLE, HAS AN
EFFICIENCY OF
AROUND 5%. 95%
OF THE ELECTRIC
ENERSY USED BY
A LIGHT BULB I5
WASTED AS HEAT.
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THAT 5% COMES THIS 15 TRUE

AFTER ALL THE @ ONLY OF INCAN- é
LOS5ES W EX- DESCENT BULES.

TRACTION, TRANS- % s FLUORESCENT PR

PORT, ETC, SO AN " ~  LIGHTS ARE
ELECTRIC L\GHT ~ ~ SOMEWHAT MORE

MAY ACTUALLY EFFICIENT, AND

USE LESS THAN SOME EXPERI-
2% OF THE MENTAL SULFUR-

ORI6INAL FUEL'S BASED LAMPS

ENERGY CONTENT. APPROACH 100%

EFFICIENCY.

ELECTRIC POWER ALS0 WASTES ENERGY BY INSERTING ANOTHER LEVEL OF
CONVERSION IN THE ENERGY NETWORK. INSTEAD OF CONVERTING FO%5IL FUEL
DIRECTLY TO USEFUL FORM (MOTION, HEAT, LIGHT, ETC.), AN ELECTRIC POWER
PLANT FIRST CONVERTS FUEL TO GLECTRICITY, WHICH THEN FLOWS THROUGH
WIRES (LO%ING SOME ENERGY IN THE PROCESS!) TO ELECTRICAL APPLIANCES,
THE ULTIMATE CONVERTORS FOR USE.

TO 175 CREDIT, ELECTRICITY 16 FLEXIBLE, |
VERSATILE, EASILY DISTRIBUTED, AND
CLEAN—AT LEAST, AT THE CONSUMER
LEVEL, IT'6 CLEAN. IT CAN ALSO BE
GENERATED BY WATER OR WIND POWER,
REPUCING OUR DEPENDENCE ON FOS51L
FUELS, AND FOR SOME USES, IT'S HARD
TO IMAGINE AN ALTERNATIVE.

I WANT A
WORSE-DRAWY
COMPUTER..

)
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FOR MOST OF THE CENTURY BETWEEN 1870 AND 1970, ENERGY SUPPLIES HAVE
BEEN RELATIVELY CHEAP AND ABUNDANT, ESPECIALLY IN THE UNITED STATES,
WHICH HAD VAST RESERVES OF OIL AND COAL.

—

LN
=/t N¢P - UNDER THESE CONDITIONS,
 2ea e 7 THE U5A’S NATIONAL
D a&? p ENERGY STRATEGY WAS
=X - == SIMPLE: EXTRACT |T FAST,
|\ e ra® o , USE LOTS OF IT, AND
) TS <& : PON'T WORRY TOO MUCH
=% " =N - ABOUT EFFICIENCY OR
N == POLLUTION.
N :
= T ==

(WE HAVEN'T DISCUSSED POLLUTION YET,
BUT MOST CONVERTORS PRODUCE NOXIOUS
GASES, ASH, OR OTHER COMBUSTION BY-
PRODPUCTS. MORE ON THIS LATER!)

WORLD ENERGY CONSUMPTION ROSE $IXTY-FOLD BETWEEN 1860 AND 1985—
ESPECIALLY IN THE U.S.A, WHERE CHEAP GAS CREATED A CAR CULTURE...

AND CHEAP ELECTRICITY
PRODUCED ALUMINUM, WHICH
CONSUMES 15 TIMES AS
MUCH ENERGY TO MANL-
FACTURE A% STEEL. A SINGLE
ALUMINUM BEVERAGE CAN
CONSUMES THE SAME ENERGY AS
A 100-WATT LIGHT BULB BURN-
IN6 FOR FOUR HOURS.. AND
WE PRODUCE 100 BILLION
ALUMINUM CANS A YEAR!!




( WESTERN GUROPE HAD LESS OIL AND COAL THAN NORTH AMERICA, BUT COUNTRIES
LIKE BRITAIN, FRANCE, AND GERMANY HAD THE FINANCIAL AND MILITARY POWER
TO GAIN ACCESS TO OVERSEAS ENERGY RESERVES.

) y/////)jy/

WITH IT$ MORE EXPENSIVE OIL,
EUROPE HAS MANAGED TO BUILD A
HIGHLY INDUSTRIAL ECONOMY WITH
AROUND HALF THE PER-CAPITA
ENER6Y CONSUMPTION OF THE
UNITED STATES.

A% THE WORLD
EMBRACES THE JOYS
OF INDUSTRIALIZATION,
THE PEMAND FOR
FO%5IL FUELS HAS
RISEN RAPIDLY.

IF WE CONTINVE TO CONSUME OIL AT THIS RATE, IT WILL ALL BE 6ONE BY THE
YEAR 2030. COAL 15 600D FOR PERHAPS ANOTHER CENTURY AFTER THAT.
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WOULD YOU CALL THIS AN

@m@y i1 ?

WHY NOT?

rFINVIN6 SOLUTIONS TO THE ENERGY PROBLEM 15 COMPLICATED BY THE FACT h

THAT ENERGY CONSUMPTION 15 50 UNEQUAL. THE UNITED STATES, WITH 4% OF
THE WORLD’S POPULATION, USES ABOUT 25% OF ALL THE ENERGY. IN FACT,
ONE ESTIMATE SAYS WE USE 10% OF THE 6LOBAL ENERGY BUDGET JUST
PRIVING TO WORK AND BACK. OBVIOUSLY, WE HAVE SOME WASTE TO CUT!

GooD \DEA, t'LL
SHUT OFF MY ENGINE
PURING TRAFFIC JAMS.

BUT IN MUCH OF THE WORLD,
PEOPLE ARE POOR AND HAVE
LITTLE ACCESS TO ENERGY. THE
AVERAGE CITIZEN OF INDIA, FOR
EXAMPLE, USES AROUND 2-3%
THE ENERGY CONSUMED BY THE
AVERAGE AMERICAN. FOR THE

2 BILLION PEOPLE WHO PEPEND
ON FIREWOOD FOR FUEL, THE
ENERGY (RIS16 LOOKS ENTIRELY
DIFFERENT. THEY WANT MORE
HIGH-QUALITY ENERGY.
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rWHATEVER THE OVERALL SOLUTION TO THE ENER6GY CRISIS MAY BE, IT HAS TO )
INCLUDE STEPS BY THE INDUSTRIALIZED, HIGH-CONSUMING NATIONS TO REPUCE
THEIR FO%5IL FUEL USAGE. WHERE CAN THE SAVINGS COME FROM: LET’S
SIMPLIFY THE DIAGRAM OF AN ENERGY SYSTEM, LUMPING ALL THE CONVERSION
AND TRANSPORTATION STEPS INTO ONE:

WASTE

IWNPUT

THERE ARE ONLY THREE PO55IBLE AREAS OF POTENTIAL SAVINGS, AREN'T
THERE? THERE'S THE INPUT, THE WASTE, AND THE OUTPUT!
)

NO, TRANKS,
LU WEAR A
SWEATER!

output:

THIS INVOLVES MAKING CUOICES THAT
USE LESS ENERGY: BUYING BEVERAGES IN
BOTTLES INSTEAD OF CANS... WALKING,
TAKING PUBLIC TRANSIT, OR CAR-POOLING
INSTEAD OF DRIVING YOUR OWN (AR...
TURNING THE THERMOSTAT POWN IN
WINTER, ETC...

THESE ARE PERSONAL, INDIVIDUAL CHOICES, BUT AS ENERGY PRICES RISE THEY
TURN INTO SOCIAL POLICY AND BUSINESS DECISIONS: DESIGNING COMMUNITIES
WITH HOUSING CLUSTERS NEAR BUSINESS AND SHOPS, SUBSIDIES FOR MASS
TRANSIT, ‘DAYCARE IN THE WORKPLACE TO REPUCE PARENTS’ DRIVING, ETC.
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‘waste:

REDUCING WASTE MEANS INCREASING THE SYSTEM'S EFFICIENCY.

CANNED DRINKS,
ETC.

SOURCE RECYCLING DERTS WASTE ENERGY
REPUCTION BACK INTO THE SYSTEM AS INPUT.
MEANS AVOIDING RECYCLNG AN ALUMINUM CAN MEANS
WASTE BY USING THE ENERGY OF MANUFACTURE ISN'T
ALTERNATIVE CONSUMED IN ONE USE.

PRODUCTS: '

CLOTH SHOPPING

BAGS INSTEAD

OF PAPER, TEA N

INSTEAD OF

THERE ARE MANY, MANY OTHER WAYS TO INCREASE ENERGY EFFICIENCY, SUCH AS
MORE EFFICIENT PRODUCTS, LIKE HIGH-MILEAGE AUTOS OR BETTER-INSULATED
HOMES, OR REFRIGERATORS WITH FANS TO COOL THE COIL%, OR FURNACLES
THAT CAPTURE CHWMNEY HEAT, OR BETTER LUBRICANTS TO REDUCE FRICTION.

THERE ARE ALS0 INEFFICIENCIES OF THE WHOLE SYSTEM: TOO MANY CONVERSION
STEPS, BADLY DESIGNED TRANSPORTATION SYSTEMS, ETC. THESE ARE HARD
PROBLEMS TO SOLVE, AS IN SAN FRANCISCO, A CITY WHICH HAS NEVER BEEN
ABLE TO BRING MASS TRANSIT ALL THE WAY TO THE AIRPORT!

ALL \'T TAKES 1S THE e
WILL, THE MONEY, AND p
CEW THOUSAND MEETINGS...




4 ® .
®

ihput:
YOU MIGHT SAY THE
INPUT WILL TAKE CARE
OF ITSELF. WHEN THE
OIL RUNS OUT, ENERGY
USE 15 BOUND TO 60
DPOWN!

TO MAKE THIS TRANSITION FROM PETROLEUM USE AS SMOOTH AS POSSIBLE,
IT’% NECESSARY TO DO WHAT HUMANITY HAS HISTORICALLY DONE: CONSIDER
\ ALTERNATIVE ENERGY SOURCES.

AT ONE TIME,

LOOKED LIKE “THE” ANSWER. N
A NUCLEAR REACTOR, RAPIOACTIVE
FUEL ROPS 6LOW HOT, DRIVING
A HIGH-TBCH STEAM ENGINE THAT
CAN GENERATE ELECTRICITY, TURN
A SHIP'S SCREW, ETC. BECAUSE IT
BURNS NOTHING, A NUCLEAR
REACTOR EMITS NO $00T OR
OTHER POLLUTING COMBUSTION
BY-PRODUCTS.

WOTER (¥

THERE 15 ALSO THE PROMISE OF
A “BREEDER REACTOR,” WHICH CAN
ACTUALLY PROPUCE MORE FUEL
THAN IT CONSUMES. ENERGY
FOREVER!
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BUT OH, THOSE NEGATIVES!
RADIATION |5 BAD FOR YOUR
HEALTH, 5O SPECIAL PRECAUTIONS
MUST BE TAKEN IN MINING,
PROCESSING, AND TRANSPORTING
FUEL. T CAN ALSO BE USED FOR
BOMBS, 50 YOU HAVE TO GUARD
IT! EVERYTHING ABOUT NUCLEAR
ENERGY |5 VERY EXPENSIVE.

THEN THERE'S THE QUESTION OF WHAT
TO PO WITH THE SPENT FUEL, WHICH
STAYS “HOT” BASICALLY FOREVER.

FOR THE NEXT . .-
10,000 Yesrs.

WORST OF ALL, SYSTEM
FAILURES CAN REALLY RUIN
THE NEGHBORHOOD...

AS | WAS

) \W’r:{'—~ S qQ |
o

WORLVWIDE, THERE ARE CURRENTLY ABOUT 520
NUCLEAR POWER PLANTS EITHER WORKING OR
UNDER CONSTRUCTION, PROPUCING SOME 5% OF
THE WORLD’S TOTAL ELECTRICITY.. BUT BEYOND
THESE, FEW NEW ONES ARE EXPECTED.
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FO55IL FUELS ENERGY ULTIMATELY COMES FROM
THE SUN. WHY NOT 60 PIRECTLY TO THE SOURCE
"W@@ AND ELIMINATE SOME CONVERTORS?
\

PHOTOVOLTAIC CELLS (50LAR
PANELS) CONVERT SUNLIGHT
PIRECTLY TO ELECTRICITY. HOWEVER,
THEY ARE STILL EXPENSIVE AND
INEFFICIENT, MAKING LARGE-SCALE
ELECTRICAL GENERATION UNLIKELY
FOR SOME TIME. SOLAR HEATING AND
HOT WATER ARE FEASIBLE NOW (IN
SUNNY PLACES).

PLANTS PRODUCE IMMENSE AMOUNTS OF ELECTRICITY, USING THE CLEANEST,
CHEAPEST “FUEL" OF ALL: FALLING WATER.

—
e O Ul
o EVAPORATION
. T wpBTAT
- VESTRUCTION
HABITAT Q
DESTRUCTION \ N
AN -

THE DOWNSIDE: THE LARGE DAMS REQUIRED BY HYDROELECTRIC POWER HAVE
ENVIRONMENTAL AND SOCIAL CO5T%: BEHIND THE DAM, WATER 16 LOST THROUGH
EVAPORATION, AND FERTILE SWLT $ETTLES TO THE BOTTOM OF THE LAKE.
POWNSTREAM, REPUCED WATER FLOW DRIES OUT THE ENTIRE WATERSHED.
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AVVAIINID,
CAN BE USED
EITHER TO GEN-
ERATE ELECTRICITY
OR TO PO WORK
DIRECTLY. IN SOME
AREAS, WINDMILLS
CAN GENERATE
ENOUGH POWER TO
LIGHT CITIES. BUT
WINDMILLS BREAK
OFTEN, AND ARE
HARD ON BIRDS.

N\ [ .

—

CROTERMNAL

ENERGY TAPS THE HEAT OF
THE EARTH’'S INTERIOR TO
MAKE ELECTRICITY, HEAT
WATER, OR PO OTHER USEFUL
WORK. ALL YOU NEED 15 A
DEEP HOLE AND SOME
CONVERSION TECHNOLOGY.
THE HEAT 15 DOWN THERE,
AND IT'$ FREE!

EXAMPLE—I5 STILL
A VIABLE FUEL. IT'%
RENEWABLE, AND
CAN BE CONSERVED
BY THE USE OF
EFFICIENT STOVES.
PLANTING FAST-
GROWING TREE
SPECIES S
AMELIORATES
PEFORESTATION.
BUT BURNING
BIOMASS 15
POLLUTING.
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(TO 5UM UP, THERE REALLY 15
AN ENERGY PROBLEM: MODERN
LIFE DEPENDS ON LARGE, DAILY
INJECTIONS OF ENERGY FROM—
SOMEWHERE. AT PRESENT,
7’6 FOS5IL FUELS, BUT THEY
CAN'T LAST FOREVER.

A TECHNOLOGICAL SOLUTION TO THIS PROBLEM, IF IT EXISTS, WILL PROBABLY
HAVE TO INCLUDE MANY INGREVIENTS: LOWER-CONSUMPTION LIFESTYLES IN THE
DEVELOPED WORLD, MORE EFFICIENT CONVERTORS, AND SAFE, NON-POLLUTING
ALTERNATIVE SOURCES OF ENERGY. THERE ARE INNUMERABLE SPECIFIC AREAS TO

WORK ON, FROM TRANSPORTATION TO MORE EFFICIENT COOKSTOVES FOR THE
THIRD WORLYD...

Hey! AND
; WHY NOT A
TOOTHBRVSH?
L ZA y

WILL THE EFFORT PAY OFF?
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LET'S EAT AGAIN!

IN THE LAST CHAPTER, WE DESCRIBED ENERGY NETWORKS A% IF THEY WERE
SEPARATE FROM FOOD WEBS. IN FACT, THE TWO KINDS OF ENERGY ARE
CLOSELY RELATED. IN THE FIRST PLACE, FOOP 15 AT THE BASE OF THE
WHOLE ENERGY CHAIN. IF NOBODY EATS, NOBOVDY PUMPS GAS!

1 PON'Y LIkE
THE Lopk OF
THiS /

SECOND, MOST FOOPD 15 6ROWN U5ING CHEMICAL FERTILIZERS, WHICH ARE
MADE FROM PETROLEUM PRODUCTS. THAT 15, FOOD ENERGY 15 DERIVED FROM
FO55IL FUELS!

0"- WGLL foo P

PROCESSING

FINALLY, THE 6LOBAL INDUSTRIAL ECONOMY PLAYS A MAIOR ROLE IN DECIDING
WHICH CROPS ARE PLANTED AND WHERE THEY ARE SHIPPED.
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AGRICULTURAL PRACTICES VARY WIDELY FROM COUNTRY TO COUNTRY AND
REGION TO REGION. IN THE INDUSTRIALIZED WEST, WE USE FOS5IL-FUEL
PEVOURING HEAVY FARM MAZHINERY AND PLENTY OF FERTILIZERS AND
PESTICIDES, WHILE IN ENERGY-POOR REGIONS, FARMERS RELY ON MUSCLE
POWER AND COOK WITH WOOD OR CHARCOAL.

Bilomass
MUCLEAR

CoAL oL

VELOPED COUNTRIES' LESS DEVELOPED CoUNTRIES’
pearkem,y BUDGET ENERGY USE

AT PRESENT, ABOUT 25% OF THE ARABLE LAND 15 USED FOR NOMADIC
HERDING... ANOTHER 25% 15 UNDER OLD-FASHIONED SHIFTING CULTIVATION,
AND THE REST 15 DIVIDED BETWEEN TRADITIONAL INTENSIVE AGRICULTURE

(MOSTLY IN ASIA) AND LARGE-5CALE INDUSTRIAL AGRICULTURE (EUROPE
AND NORTH AMERICA).

H NomAplc HERDING
A sHiETING CUTTWATION
B TRADITIONAL INTENSWE
INDWSTRIAL
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we"Re THE ORIGINAL
"HACKERS ™

( SHIFTING CULTIVATORS
HACK SMALL PLOTS FROM
THE FOREST, FARM UNTIL
THUE 90IL 15 DEPLETED, AND
THEN MOVE ON, LEAVING
THE PLOT TO BE
REFERTILIZED BY NATURAL
PROCESSES.

NOMADIC HERDERS FOLLOW THE SEASONS AND GENERALLY LEAVE BEFORE
DEPLETING AN AREA.

wIBBLE Niggee
NBBLE g e 0
NBBLE
NBBLE

BOTH THESE $YSTEMS LEAVE
THE ECOSYSTEM INTACT—AS | W2
LONG AS LAND 15 PLENTIFUL

\ANV POPULATION $TAYS LOW. /—\ y

P15 WILL
“RECYCLEY
ANY THING!

TRADITIONAL INTENSIVE
FARMING PRODUCES VERY HIGH
CROP YIELDS BY VSING LOTS OF
LABOR AND RECYCLING NUTRIENTS
EFFICIENTLY. CHINESE FARMERS,
‘WHO CYCLE NUTRIENTS THROUGH
PI65, CHICKENS, DUCKS, FISH, AND
ALGAE, RETURNING ORGANIC
MATTER TO THE 50IL, ACHIEVED
OUTPUT ROUGHLY TEN TIMES
THAT OF PREINPUSTRIAL EUROPE.
CHINA HAS MAINTAINED REASON-
ABLY 600V SOIL FERTILITY FOR
MILLENNIA.




INDUSTRIAL AGRICULTURE, WHICH RELIES ON HEAVY MACHINERY AND CHEBMICALS,
15 HIGH-INPUT ASRICULTURE. IT DRAWS GNERGY FROM FO55IL FUGLS AND
CONVERTS IT TO FOOP OR OTHER CROPS. (BUT PON'T FORGET THAT AT HARVEST
TIME, FRUITS AND VEGETABLES ARE MOSTLY PICKED BY VERY LOW-PAID
TEMPORARY WORKERS.)

WELL, THEY DON'T
GNE U$§ ThaT
MUCH \NPUT !

To MARKET,
To MARKET, To by
BUY k FAT

woG FUTURES

AN INDUSTRIAL FARM NEEDS
LARGE AMOUNTS OF CAPITAL
(A FANCY NAME FOR MONEY),
AMPLE ACREAGE, AND CHEAP
ENERGY. LIKE ALL INDUSTRY,
INDUSTRIAL AGRICULTURE
GREW UP IN THE ERA OF
PLENTIFUL FO%5IL FUEL.

1 CONVERT

OlL INTO

STEROL!
WHEN FUEL 1% CHEBGAP, C“OLE TE

THERE 15 LITTLE
INCENTIVE TO CONSERVE
IT, 50 INDUSTRIAL
FARMING HAS BEEN <) @
ALMOST UNBEGLIGVABLY =200
WASTEFUL. 6RAIN-FED )
CATTLE, FOR GXAMPLE,

CONSUME AROUND 7 .

TIMES AS MUCH ENERGY

AS THEY PRODUCE AS

BCEGF.
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DESPITE ITS LOWER EFFICIENCY, HIGH-INPUT AGRICULTURE TENDS TO PUSH OUT
MORE TRAPITIONAL, MORE ENERGY-EFFICIENT METHOPS.

THE MARKETPLACE
HAS (TS OWN SPECIAL
KIND OF EFFlUENcy f

PR Rl

% AND IN FACT,
THE ENTIRE

% FO55IL-BASED

4 GLOBAL GCONOMY
HAS A PRO-

% FOUND GFFECT

% ON AGRICULTURE

x GVERYWHERE.

THE REASON N - THE RICHEST o
15 NOT HARD <7 . COUNTRIES— E
TO FIND: THE ~ ; * || ane THE () &
PEOPLE WHO  » . RICHEST ° 7
CONTROL . y COMPANIES— .
ENEREY ' . CAN CONTROL
ULTIMATELY MARKETS,
CONTROL e TECHNOLOGY,
WEALTH. s MINERAL

S RESOURCES,

S AND LAND

E:‘s UsE.

K

=

]

=8
WE CAN COMPARE NATIONAL WEALTH ON THE BECAUSE SOME COUNTRIES
BASIS OF 6ROS5 NATIONAL PRODUCT, OR 6NP.| ARE MORE POPULOUS THAN
THIS 15 THE CASH VALUE OF ALL 600P5 AND OTHERS, IT HELPS TO LOOK
SERVICES PROPUCED EACH YEAR. IN 1993, FOR AT 6NP PER CAPITA OR
EXAMPLE, THE USA HAD A GNP OF “ONLY" GNP DIVIDED BY POPULATION.

: . , THIS INDICATES THE AVERAGE

PRODPUCTION PER PERSON.

THE RICHEST 10 ¢OUNTRIES'
I | &6NP PER CAPITA 15 AROUND
o $20,000, WHILE THE POOR-

E5T 40 COUNTRIES COME IN
(NOT CHICKEN
FEED! AT LESS THAN $300.

w @D




THIS GRAPH SHOWS HOW WEALTH 15 $PREAD AROUND THE
w0 WORLD. THE HEIGHT OF EACH BAR REPRESENTS THE
NUMBER OF COUNTRIES WITH A G6IVEN GNP PER CAPITA.

RANSLATION:
LOTS oF VERY
POOR COUNTRIES

AND FeEW RICH
ONES !

01 112 23 ¥4 45 10-1t -1 20-21
ANNUAL 6NP PER CAPITA (THOUSANDS OF DOLLARS)

(BECAUéE INDUSTRIALIZATION HAS BEEN THE KEY TO WEALTH, NEARLY EVERY
COUNTRY ON EARTH WANTS MORE INDUSTRY. BUT HOW TO 6ET IT? THE
BUSINESSES OF THE WEST AREN'T GIVING IT AWAY!

THE USUAL WAY 15 FOR
POOR COUNTRIES TO
SELL AGRICULTURAL
PRODUCTS ON THE
WORLD MARKET, AND USE
THE MONEY TO BUY OiL
AND MACHINERY.




( BUT THE WORLD MARKET ISN'T
ESPECIALLY INTERESTED IN
LOCAL FOOD CROPS LIKE
MANIOC, TAPIOCA, YAMS, OR
BREADFRUIT. THE WORLD WANTS
CHOCOLATE, COFFEE, BANANAS,
CASHEWS, AND PISTACHIO NUTS,

OR NON-FOOD PLANT PRODUCTS
LIKE COPRA, JUTE, AND RUBBER.. é Zb

RESULT: LANDOWNERS PLANT THESE “CASH CROPS” ON LAND THAT MIGHT
HAVE BEEN GROWING FOOD INSTEAD.

WELL, T ¢CAN'T
SELL THIS...
THIS... WHAT
15 tHis?

WORLD WANTS
(58 BANANDS

$0.. A COUNTRY LIKE
GHANA, WITH A PER
CAPITA GNP OF $400,
PLANTS HALF ITS
FARMLAND IN COCOA...
OR MEXICO, WHERE
THE PRICE OF CORN
KEEPS RI5ING AND
MILLIONS 60 HUNGRY,
6ROWS MANGOES,
TOMATOES, AND
MELONS FOR
CALIFORNIA. EVEN
INDIA EXPORTS
RICE!

YooD EXPORTERS:
PH[LIPPINES
CPINEAPPLE,
u&rﬁukg @um\ .
A (BANANAS),
U6ANDA
(coFFEE)- -*



IN THE 19605 AND 19705, |
AGRICULTURAL SCIENTISTS TRIED
TO ADDRESS THE PROBLEM OF
WORLD HUNGER BY CREATING

“GREEN
REVOLUTION.

(IN THOSE DAYS, EVERYTHING
WAS A REVOLUTION!)

THEY BRED VERY HIGH-YIELD
VARIETIES OF WHEAT, RICE,
AND MILLET, WITH HEAVY
HEADS OF GRAIN, SHORT,
TOUGH STEMS TO SUPPORT
THEM, AND A SHORT 6ROWING
SEASON (ALLOWING POUBLE
CROPPING). THESE TYPES
COULD RAISE CROP YIELDS BY
TWO TO THREE TIMES.

MRACULOVS!

MANY POOR COUNTRIES EMBRACED THE G6REEN REVOLUTION.. AND THEN
MARKET FORCLES TOOK OVER. IT TURNED OUT THERE WAS A POWNSIDE TO
THE NEW, REVOLUTIONARY GREENS: THEY NEEVED A LOT OF FERTILIZER AND
WATER. THEIR HIGH OUTPUT DEPENDED ON HIGH INPUT!
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ONLY A FEW AFFLUENT
FARMERS COULD AFFORD
THE FERTILIZER, ETC.
THEY PLANTED THE NEW
VARIETIES.. THEIR LAND
PRODUCED MORE... 6RAIN
PRICES DROPPED.. AND
THEIR POOR NEIGHBORS,
5TUCK WITH THE OLD
VARIETIES, BECAME EVEN
POORER.

WERE!
LESS THAN
~ You CAN LivE

DISCLAIMER: THE OPINIONS EXPRESSED
BY CHARACTERS IN THIS BOOK ARE NOT
NELESSARILY THOSE OF THE AUTHORS.

THE SUCLESSFUL ONES BOUGHT MORE LAND, ENLARGING THEIR HOLDINGS AT
THE EXPENSE OF THEIR NEIGHBORS. LANDLESS FARMERS FLOCKED TO THE CITIES,
HOPING FOR JOBS—IN AN INDUSTRIAL ECONOMY THAT BARELY EXISTED YET.

IN INDIA, 75% OF FARMERS
ARE POORER NOW THAN
THEY WERE IN 1975, EVEN
THOUGH INDIA PRODPUCES
MORE FOOPD PER PERSON
NOW THAN IT PID THEN.
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([ THE CHANGES SINCE
1950 MAVE BEEN & TOTAL CROPLAND INCREASED 22%
OVERWHELMING: (FROM 2.3 TO 2.8 MILLION 5Q. MI.)

& CHEMICAL FERTILIZER CONSUMPTION

Up TENFOLD (OVER 20 KILOS PER
PERSON ON EARTH ANNUALLY)

¢ IRRIGATION AREA TRIPLED
¢ AGRICULTURAL CONSUMPTION OF

OIL UP TO '/, THE WORLD'S TOTAL
PRODUCTION.

WITH THE OVERALL RESULT THAT TOTAL
WORLD FOOP PRODUCTION HAS

T @D@ IN THAT TIME.

SINCE POPULATION HAS “ONLY” POUBLED IN THE SAME PERIOD, THERE 15
MORE FOOPD PER PERSON NOW THAN AT ANY TIME IN THE PAST 50 YEARS..
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BUT WE'VE SEEN THE CO5T%: ALTHOUGH THERE'S MORE FOOD FOR EVERYONE
TO EAT, “EVERYONE™ 15N'T EATING IT. INSTEAD, WE HAVE GROWING MIDDLE
AND UPPER CLASSES, WHOSE STANDARD OF LIVING HAS RISEN SHARPLY,
WHILE MOST OF THE POPULATION HAS LESS.

SOMEBODY
19 ALWAYS
COMPLINING

MEANWHILE, TRADITIONAL AGRICULTURE 15 LOSING 6ROUNI7; AND THE SYSTEM
PEPENDS MORE AND MORE ON HIGH INPUTS. CAN THIS BE SUSTAINED?

ASIDE FROM THE LIMITS ON WORLD PETROLEUM RESERVES, THE
PHOSPHORUS (YCLE ALSO LIMITS INDUSTRIAL AGRICULTURE. CHEMICAL
FERTILIZERS USE PHOSPHATES DU& FROM MINES, WHICH SHOULD PLAY
OUT AROUND THE YEAR 2050 AT PRESENT RATES OF CONSUMPTION.

(TRADITIONAL INTENSIVE AGRICULTURE
GETS ITS PHOSPHATES FROM FiSH,
BONE MEAL, AND RECYCLED WASTE.)
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( THESE CHANGES TAKE THEIR TOLL ON THE NATURAL ECOSYSTEMS AND THEIR |
DIVERSITY.

EVERYTHING WE SAID \T SIMPLIFIES THE
[N CHAPTER 7 ABOUT ECOSYSTEM!
FARMING'S EFFECTS
ON WILD SYSTEMS
6065 DOUBLE FOR
INDUSTRIAL
AGRICULTURE.

INDUSTRIAL 6GROWERS USUALLY RAISE JUST ONE OR TWO VARIETIES OF WHEAT
OR CORN, APPLES OR PEACHES, INSTEAD OF THE HUNDREDS OF LOCAL
VARIETIES TUAT USED TO THRIVE.

LACK OF VARIETY
INCREASES VULNGRABILITY
TO PE5TS AND DISEASES!

THE UBIQUTOoUS
RED DELICIoVUS APPLE

~

MEANWHILE, MOST OF THE
WORLD'S POTENTIAL FARMLAND
LIES IN THE TROPICAL RAIN-
FOREST, WITH ITS COMPLEX
ECOLOGY AND POOR 5OIL. THE
RESULT 15 AN IRRETRIEVABLE
LOS% OF BIODIVERSITY, AND AN
EROSION OR EXHAUSTION OF
TOPSOIL.

WOA.THIS o5

GETTING
DEPRESSING,
ISN'T 172




AND THEN THERE'S
THE 155VE OF MEAT.

A COW OR A SHEEP OR A Pl& w
15 A CONVERTOR, CHANGING
GRAIN OR 6RA%S ENERGY INTO
MEAT. EACH ANIMAL REPRESENTS
MORE INEFFICIENCY IN THE
FOOV wee.

IN OTHER WORDS, A PLOT OF LAND THAT PROVUCES 10,000 (ALORIES
WORTH OF GRAIN CAN PRODUCE AT MOST 1,000 (ALORIES OF BEEF.

T ->1o.ooo CALORIES
3 K\'&‘\Wﬂ'm?“‘ @ 1,000 CALORIES

A5 PEOPLE 6ROW MORE

AFFLUENT, THEY EAT MORE \:f CE\?S&@&W
MEAT. AT PRESENT, TOTAL 1 GEERS A DAY
WORLD PROVUCTION OF WORLp GRMN ’
G6RAIN STANDS AT 2150 CoNSUMPTION

MILLION TONS, BUT ABOUT
40% 6OES INTO
(NONHUMAN) ANIMAL '
MOUTHS. ANOTHER MAJOR

CONVERTOR OF GRAIN 15

BEER...

WoULD RisE
0%

7



A% WE'VE SEEN, (P. 135), HUMANS TAKE ALMOST 40% OF THE LAND'S NET
PRIMARY PRODUCTION, BUT ONLY 3% 15 ACTUAL CROP. THE REST 15 FOREST
CLEARING, SETTLEMENT BUILDI NG, CHAFF, AND WASTE.

AS POPULATION RISES
TOWARD 6, 7, 8 BILLION,
HUMANITY WILL SEEK
WAYS TO WRING MORE
FOOV FROM THE EARTH,
AND ONE WAY 1$ SURELY
TO IMPROVE EFFICIENCY.
IF WE COULD RAISE THAT
3% TO 6%, THERE WOULD
BE PLENTY OF FOOD.

FOR \NSTANCE,
|6 MEAT-EATING WeNT
POWN, A LEVEL OF
CONVERTORS WOWLD
BE REMOVED...

(HOW 15 THAT TO BE PONE? BY POUBLE-CROPPING, CAREFUL LAND USE, MORE )
LABOR-INTENSIVE CONSERVATION PRACTICES ON INDUSTRIAL FARMS, LESS
SPOILAGE, AND FEWER HAMBURGERS.

BIOTECHNOLOGY ALSO
HOLDS OUT SOME HOPE,
FOR EXAMPLE, IN
PROPUCING DISEASE-
RESISTANT PLANT
VARIETIES, AND EVEN
IMPROVING PLANT AND
ANIMAL CONVERSION
EFFICIENCY.

NOW IF WE &N
JUST MAKE
BURGERS GROW




ANOTHER APPROACH 15 LOCAL

EAROMERIMEN A

IT'S HARD—IMPOS5IBLE—TO
SOLVE THESE PROBLEMS FROM
AFAR. ACTION 15 MORE EFFECTIVE
WHEN TAKEN BY THE PEOPLE
PIRECTLY ON THE $POT.

WoOULD BE
ME...

BUT THEY NEED HELP.

A CURRENT EFFORT INVOLVES SPREADVING THE USE OF MORE EFFICIENT
COOKING 5TOVES, WHICH PRODUCE THE SAME HEAT FROM MUCH LESS
wOoOoP.

THE RATIONALE: IF POOR RURAL
AFRICAN WOMEN DIDN'T HAVE TO
SPEND 6-8 HOURS A DAY COLLECTING
WOOPD, THEY MIGHT HAVE MORE TIME
TO PO OTHER WORK—AND DEFORES-
TATION WOULD SLOW, AS WELL.

WHAT DOES THIS HAVE TO
PO WITH AGRICULTURE?
FORESTS CAN BE AN
&556NTIAL PART OF THE
AGRICULTURAL ENERSGY
WEB. THEY CATCH MOISTURE
AND GENERATE NUTRIENTS
THAT TRICKLE DOWNSTREAM.
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[ AND FINALLY, WE
NEED TO SAY A WORD
ABOUT FiSH. SEAFOOD
HAS ALWAYS BEEN A
TASTY, CONVENIENT
SOURCE OF ANIMAL
PROTEIN, AND IT
MIGHT SOUND LIKE A
600D ALTERNATIVE
TO BEGF, PORK, OR
LAMB.

UNFORTUNATELY, FISHING HAS ALSO TURNED INDUSTRIAL, AND DEMAND 15
HUGE. TO FEEP A HUMAN POPULATION IN THE BILLIONS, FISHING FLEETS HAVE
NOW EXHAUSTED MANY OF THE WORLD'S PRIME FISHING GROUNDS. FISH
POPULATIONS, ESPECIALLY THE PREFERRED KINDS, ARE FALLING, 5O HUNTERS
ARE TURNING TO SMALLER FRY AND SPECIES THAT WERE PREVIOUSLY SCORNED.

USES {5 CALORIES
OF FUEL To ACQUIRE
1 CALORIE oF FioH.

THE COMMITTEES THAT “REGULATE” FISHING HAVE
USUALLY BEEN DOMINATED BY THE FISHING
INDUSTRY... AND GOVERNMENTS ARE INCREASINGLY (" c's £ iN1SH WiATS
DOMINATED BY NON-FARMING CITY DWELLERS, AS ON OUR PLATES...
ITIES SWELL WITH INDUSTRIALIZATION. IN OUR —
NEXT CHAPTER, WE LOOK AT URBAN ELOLOGY... Btal

.
¢ -
.

MEANWRILE,

.
‘l .l
.

. .

S

—
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MCHAPTER 12

BRIGHT LIGHTS, BI6 CITY

ENERGY CONSUMPTION HAS FUELED INDUSTRY.. ENERGY
CONSUMPTION HAS SWELLED POPULATION.. ENERGY
CONSUMPTION HAS CHANGED AGRICULTURE.. AND ENERGY
CONSUMPTION HAS INCREASED ORGANIZATION...

IN OTHER WORDS, PEOPLE HAVE BEEN MOVING OFF THE
FARM AND INTO THE CITIES...
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CITIES PLAY MANY ROLES N
THE ECOSPHERE.. WE CAN
SUMMARIZE THEM ALL BY
SAYING THAT A CITY 15
WHERE SURPLUSES OF
ENERGY AND MATERIAL

ARE CONCENTRATED  § S Mian st LR
AND TRANSFORMED. - —_—

rON THE ONE HAND, CITIES ARE MARKETPLACES, MANUFACTURING CENTERS, AND
DISTRIBUTION HUBS. 60005 FLOW IN.. FACTORIES HUM.. PEOPLE BUY AND
SELL.. AND 600P5 FLOW OUT.. '

-y

CONCENTRATED
7T 18...

N\

CITIES ARE ALSO CENTERS OF ORGANIZATION. ENERGY FLOWS N TO FEED,
HEAT, HOUSE, ENTERTAIN, AND MAKE CONNECTIONS BETWEEN PEOPLE WHO
MOVE INFORMATION AROUND. THESE INCLUDE ADMINISTRATORS AND MANAGERS,
BOTH CORPORATE AND CIVIC, PLUS EVERYONE INVOLVED IN 6UIDING THOUGHT
AND OPINION, FROM RELI6IOUS LEADERS TO THE MEDIA.

THANK YoUu, JIR! Ny

WE ALL KNOW v

TO TUUINK ! UHA HA HA
BAHA .

IN OTHER WORDS, CITY-DWELLERS MAKE
DECISIONS THAT INFLUENCE THE FLOW
OF ENERGY THROUGHOUT THE REST OF
THE ECOSPHERE. ‘
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TO SUSTAIN THE FLOW OF THINGS AND PEOPLE, TO BRING IN FOOD FOR
MILLIONS, TO DISTRIBUTE IT TO COUNTLESS SHOPS AND RESTAURANTS, A CITY
MUST HAVE A TRANSPORTATION $YSTEM.

RAILROADS, RAIL YARDS,
AIRPORTS, S$TREETS,
HIGHWAYS, PARKING
LOTS... IN SOME CITIES,
LIKE LO% ANGELES,
THE TRANSPORTATION
SYSTEM COVERS MORE
THAN HALF THE LAND
AREA!

WITHIN THE CITY, PEOPLE USE THREE TYPES OF TRANSPORTATION:

TNRIVIDOAL | AT || DRARA wawsr.

. ¢AR POOL, VAN POOL,
AND JITNEY.

TRANSIT: CAR, MOTOR- TRANSIT: BUSES,
CYCLE, MOPED, WALKING, TROLLEY, TRAINS.
OR BICYCLE.

IN THE V.5, MASS TRANSIT
ACCOUNTS FOR ONLY 7% OF
ALL PASSENGER TRAVEL,
COMPARED WITH 15% IN THE
FORMER WEST GERMANY, AND
ALMOST 50% N JAPAN. THE
AMERICAN WAY 15 STILL ONE
(AR, ONE PERSON.
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BESIWDES THE TRANSPOR- wust KD of

DANCE DO You DO
TATION NETWORK, THERE To“%z ?wg'm

HAVE TO BE OTHER
SYSTEMS FOR DELIVERING
SUCH THINGS AS WATER,
ELECTRICITY, NATURAL
&AS, ETC. A OITY NEEDS
PIPELINES, AQUEDUCTS,

" RESERVOIRS, POWER

" PLANTS, AND WIRES.

’ N\
rTI-IE CITY’s APPETITE FOR INPUT 15 ENORMOUS. IN A TYPICAL DAY, THE AVERAGE

US. CITY DWELLER USES AROUND 100 GALLONS OF WATER, 50 POUNDS OF
FUEL (INCLUDING INDUSTRIAL USES), 4 POUNDS OF FOOD, AND SOME
CONSUMER 6000%.

IF WE'RE TALKING '
ABOUT PHILADELPHIA,
THAT'S 6 MILLION
POUND$ OF FOOD;, 150
MILLION GALLONS OF
WATER, 80 MILLION
POUND$ OF FUEL—
EVERY DAY!

BRINGING IN 600D5 AND
ENERGY 15 EASIER THAN
6ETTING RID OF THE OUTPUT:
PER PERSON, THAT'S 4.5
POUNDS OF GARBAGE,
A POUND OF HUMAN
WASTE, 100 6ALLONS
OF WASTE WATER, AND
A POUND OF AIR
POLLUTION PER DAY.
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WISTORY HAS BEeN
MOSTLY pOWNHILL
FOR Tgfbuks)m

WHERE 15 ALL THIS )
STUFF SUPPOSED TO n

\

60?7 WE'VE OUT6ROWN |
THE DAYS WHEN PEOPLE I
f

;]

1]

COULD JUST THROW
SLOPS OUT THE WINDOW
FOR Pl6% TO EAT.

FOR DISPOSAL PURPOSES, WASTE CAN BE DIVIDED INTO TWO KINDS: $OLID
AND LIQUID (OR WASTEWATER). \

AND Tupr
HEAVENLY
KIWND N LET’S START WITH THE SOLID—

OTHERWISE KNOWN A%

rWI»IAT'6 IN 6ARBAGE? ARCHAEOLOGIST/6ARBOLOGIST WILLIAM RATHIE, WHO PI%W
PUMP$%, BREAKS IT DOWN LIKE THiS:

40%  PAPER AND CARDBOARD

| CONSTRUCTION SCRAP
20%  AND YARD WASTE

_ FOOD WASTE

zm?a% METAL
6LASS
PLASTIC

15 EVERYTHING ELSE:
% ot Rsser
LEATHER, ETC.
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THE FIRST ADVANCE OVER THG THE IDEA HERE 15 TO TRUCK TRASH OUTSIDE
SLOP-AND-SCAVENGE $Y5STEM TOWN, DUMP IT, AND COVER EACH DAY'S
CAME IN THE 18005, WITH THE DEPOSIT WITH A LAYER OF EARTH.

CREATION OF TUE

SANITARY
LANDFILL,,

BUT RAIN AND OTHER LIQUIDS CAN
TRICKLE POWN THROUG6H THIS PILE
AND CONTAMINATE THE GROUNDWATER.

THE SOLUTION WAS TO BUILD LINED
LANDFILLS WITH A LAYER OF CLAY
OR PLASTIC TO PROTECT THE
GROUNDWATER.

PROTECTIVE LAYER

LANDRAILLS ARE WIDELY
USED... BUT THE 6ARBAGE
IN THER DEPTHS BARELY
PECOMPOSES, OR DOES
50 ONLY SLOWLY... 50
LANDFILLS ONLY 6ET
BIGGER. A5 OLV ONES
FILL UP, NEW SITES MUST
BE FOUND, OFTEN VERY
FAR FROM THE CITIES
THEY SERVE.




IN THE 19405 AND 19505,
© MANY CITIES TRIED TO SHRINK i
GARBAGE BY BURNING IT IN

WNCINERATERS.

INCINERATORS DO REDUCE
GARBAGE VOLUME, BUT THEY ALSO
PROVUCE A%H, HEAT, CHEMI-
CAL POLLUTANTS, AND BAD
SMELLS. MOST OF THE EARLY
INCINERATORS WERE SHUT POWN
BECAUSE OF PUBLIC OPPOSITION.

\,‘)%

(IN THE 19705 AND 805, INTEREST BUT EXPERIMENTAL Zr )
REVIVED W HIGH-TECH WASTE- TIRE-BURNING POoWER /-*—‘é
TO-ENERSGY \NCINERATORS, PLANTS DO BRIST! o gfge$\=
WHERE HEAT FROM BURNING Plense ™

GARBAGE WAS SUPPOSED TO
GENERATE ELECTRICITY. THESE
STILL HAD EMISSIONS PROBLEMS:
TO BURN CLEANLY, THEY WOULD
HAVE TO RUN CONTINUOUSLY,
REQUIRING A STEADY STREAM OF
PRE-SHREDDED GARBAGE, AND
STILL NEED EXPENSIVE

L POLLUTION-CONTROL DEVICES.




(BEﬂDES. ENVIRONMENTALISTS KEPT POINTING OUT, IF GARBASE PRODUCTION )

COULD ONLY BE CUT DOWN, INCINERATORS WOULDN'T BE NEEDED IN THE FIRST
PLACE. '

ON, WY DON'T YoU ENVIRON~
NENTALISTS RELAX fgv‘ f&an To
EMERACE YOUR GARBALE "

AND HOW PO
YOU (UT 6ARBAGE
PRODUCTION?

\ J/

RECYCLING

A% YOU CAN SEE FROM RATHIE’S
LIST THREE PAGES BACK, A LOT OF

THINGS TubT CAN
BE RECYCLED!

“WASTE” CAN ACTUALLY BE REUSED :::RVRWAST €
ASAIN AND AGAIN. ALL IT TAKES 15 ALSEMNUM

 SORTING THE $TUFF OUT AHEAD OF Pty
TIME AND SENDING IT TO A RECYC- o

LING PLANT—OR MAKING YOUR OWN e

v | BANANA PEELS
GARDEN COMPOST—INSTEAD OF JUST ANYTHING ELSE?

THROWING T "AWAY.”

(FOR RECYCLING TO WORK, INDUSTRY

HAS TO HAVE THE CAPALITY TO USE
THE SECOND-HAND MATERIAL. ABOUT
60% OF ALUMINUM, FOR EXAMPLE,
NOW 60ES BACK FOR RESMELTING,
BUT AMERICAN PAPER MILLS STILL
RECYCLE LITTLE. INSTEAD, RECYCLED
PAPER 6065 TO BUROPE MWD
JAPAN, WHERE TREES ARE MORE
kEXPENéIVE.




THE OTHER OBVIOUS WAY TO MAKE LESS GARBAGE 16 TO USE LESS
DISPOSABLE STUFF. IN THE JARGON, THIS 15 CALLED

SOURGH

THE MOST ENERGY-EFFICIENT
WAY TO MANAGE SOLID WASTE:
JUST DON'T MAKE ANY!! ANY>

SOURCE REDUCTION 15 ABOUT LIFESPAN: WE NEED TO USE THINGS THAT LAST
LONGER, FROM $0CKS TO HOUSES. INSTEAD OF DEBATING THE RELATIVE MERITS
OF PLASTIC OR PAPER BAGS AND CUP%, TAKE YOUR OWN CLOTH BA& TO
THE STORE.. AND USE A CERAMIC CUP!

SOURCE REDUCTION AND RECYCLING PROGRAMS HAVE BEEN BI6 SUCCESSES
WHERE THEY'VE BEEN TRIED. IN SEATTLE, FOR EXAMPLE, PER CAPITA GARBAGE
PRODUCTION FELL BY ABOUT 65% BETWEEN 1983 AND 1993, AND FEW PEOPLE
ARE TALKING ABOUT INCINERATORS ANY MORE.

GoSH' WHAT po
WE DO WITH THE
SURPLUS gAaaAee
canst
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(" FOR WATER, THE PROBLEMS
ARE A LITTLE DIFFERENT:
WATER WON'T JUST SIT THERE
LIKE GARBAGE. 1T RUNS AWAY,
SPREADING WHATEVER 15 IN IT
ALL OVER THE PLACE.

THE FIRST PROBLEM WITH WATER 15 6ETTING ENOUSH OF IT: AMERICANS,
WHOSE CITIES HAVE 600D PLUMBING, USE ABOUT 100 GALLONS PER
PERSON EVERY DAY. IN A CITY OF MILLIONS THAT ADDS UP, AND NOW NEW
YORK COMPETES WITH PHILADELPHIA FOR WATER, WHILE LOS ANGELES FIGHTS
WITH THE ENTIRE STATE OF ARIZONA OVER THE SOUTHWEST'S MEAGER SUPPLY.

THE 100 6ALLONS BREAKS POWN LIKE THIS:

25 ALLONS DOWN THE
SOME EXCELLENT
TOWET OPPORTUNITIES FOR

SOURCZE REDPUCTION!
20 caLLons For BATHING

5  6ALLONS FOR COOKING

15 ¢ALLONS FOR DISHWASHING

20 saLions FOR wasHING
CLOTHES

15 caLLons For misceLia-
NEOUS HOUSE & 6ARDEN
USES
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IN WATER-POOR CALIFORNIA, STRICT REGULATIONS HAVE CUT PER CAPITA WATER
CONSUMPTION IN HALF. SOME OF THE WAYS:

* USE LOW-FLOW SHOWER HEADS

¥ USE TOIWETS WITH SMALLER
TANKS—-OR PUT A BRICK IN
YOUR OLD TANK

% DON'T FLUSH FOR EVERYTHING

# WATER THE 6ARDEN BY DRIP
INSTEAD OF SPRINKLER (LESS
EVAPORATION!)

% TURN OFF FAUCET WHILE
BRUSHING TEETH.

A LARGE CITY PUTS MILLIONS
OF POUNDS OF FECES AND
URINE INTO THE WATER
EVERY DAY, AND DISCHARGES
THEM AT A SINGLE POINT.
UNTREATED WASTE WATER 15
THEREFORE RICH IN ORGANIC
MATTER THAT WAS ONCE (N
SOME PLACES) APPRECIATED
FOR IT% FERTILIZING POWER.
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PUMPED STRAGHT INTO
RWVERS AND OCEANS,
HOWEVER, THIS LOAD OF
ORGANIC MATTER OVER-
WHELMS THE ECOSYSTEM:
BACTERIA AND ALGAE
FLOURISH N IT, AND
AFTER A CERTAIN POINT,
FISH MAY ASPHYXIATE.

THE ALOAE
ARE REALLY
BITiNG

Tovpy!

(YET UNTREATED DUMPING 15 WHAT MOST MAJOR CITIES DID UNTIL RECENTLY,
WHEN THEY BEGAN BUILDING MODERN WASTEWATER TREATMENT PLANTS.

o ]
. b0 © o %Q
0°@°0" ° o%
.

IN THESE FACILITIES, S0LID% ARE REMOVED FROM THE WATER: FIRST TRASH 15
SCREENED OUT, AND THEN THE WATER 5ITS IN SETTLING TANKS WHERE 5LUDGE
CAN SETTLE TO THE BOTTOM. FINALLY, THE WATER 15 AERATED AND CHLORINATED

L BEFORE DISCHARGE INTO THE NEAREST WATERWAY. )

THE SLUDGE 1S COLLECTED--AND THEN WHAT?

THEN WE ARGUE
ABOUT WHERE To

IN THE PAST, SLUDGE WAS
DUMPED OR INCINERATED,
BUT MORE RECENTLY, A%
THE V.5. HA%S BANNED
POURING POISONS POWN
THE DRAIN, 5LUDGE HAS
BECOME CLEAN ENOUGH TO
BE TURNED INTO FERTILI-
ZER PELLETS AND SOLD.
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(—THEﬁE PURIFICATION PLANT%S
PEPEND ON 600D (TYWIDE
PLUMBING TO G6ATHER THE RAW
SEWAGE FOR TREATMENT, BUT
THERE ARE MANY HUGE CITIES

N CAIRD,
EFFoRTS
ARE UNOER-
WK To PymP

WITHOUT 600D $EWERS. IN WASTE
BOMBAY, CAIRO, AND MEXICO STRMGHT To
CITY, WHERE MILLIONS HAVE AGRICULTURAL
ONLY THE 6UTTER FOR A USERS!

TOILET, WASTE-DISPOSAL
PROBLEMS ARE BEYOND THE
SCOPE OF THIS BOOK—AND
ALMOST BEYOND BELIEF.

NOR PO WE HAVE ROOM TO DISCU%% THE CRUCIAL ROLE OF WETLANW A%
NATURAL WATER PURIFICATION SYSTEMS.. BUT HERE'S THE GENERAL IDEA:

ol WMty
‘ _

W Ny S | usggs

A\
o 49 90 600 4
T
AL - B
& Frkire : \ RESERVOIR

\-—-J'/
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TRAFFIC, WATER CONSUMPTION, AND WASTE DISPOSAL ARE THREE
MAJOR ELEMENTS OF THE URBAN ENVIRONMENT.. AND THERE ARE
MORE. URBAN ECOLOGY ALSO \NCLUDES ARCHITECTURE,
DESIGN, LAND UsE, ZONING, ECONOAMICS, AND ALL OTHER
ASPECTS OF MAKING OUR CITIES LIVABLE.

FOR NOW, WE'LL JUST SAY THAT CITIES AND TOWNS, LIKE OTHER
PARTS OF HUMAN EXISTENCE, NEED TO BE BETTER INTEGRATED WITH
THE ECOSYSTEMS IN WHICH THEY EXIST.

THERE 15 KoPe
FOR THE URBAN
6!
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.CHAPTER 13-

POLLUTION

EVER SINCE PEOPLE BEGAN CONSUMING,
WE'VE THROWN THE LEFTOVERS AWAY..
BUT WHERE 15 “AWAY?”

WHEN POPULATION WAS
SMALL AND WASTES WERE
ALL ORGANIC, THIS WAS
LESS OF AN I55VE. THE
WORLD WAS LARGE, AND
OUR LEAVINGS WERE
DILUTED OR DEGRADED
UNTIL THEY ESSENTIALLY

DISAPPEARED.
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BUT THIS CHANGED WITH THE
INPUSTRIAL REVOLUTION, WHEN
POLLUTION BECAME A

BIC- PROBLEM.

THERE WERE AT LEAST THREE REASONS:

INDUSTRIAL PROCES5kS:
MORE SMOKE WENT INTO THE
AIR, AND MORE WASTE FLOWED
INTO THE WATER.

POPULATION GROWTH: MORE STUFF TO THROW AWAY,
AND LESS PLACE TO THROW IT.

CHEMISTRY:
BEGINNING N 1820,
WITH THE

SYNTHESIS OF UREA, CHEMISTS
HAVE CONSTRUCTED OR DIs-
COVERED SOME 7 MILLION
NEW SUBSTANCES: DYES,
EXPLOSIVES, PLASTICS,
DETERGENTS, SOLVENTS, ETC.
IT'6 NOT JUST THAT WE DUMP
MORE INTO THE ENVIRONMENT:
THE NATURE OF WHAT WE
DUMP HAS ALSO CHANGED.
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(THE FIRST INKLING THAT
RELEASING NEW
SUBSTANCES CAN HAVE
UNEXPECTED RESULTS CAME
IN THE 19505. NUCLEAR
BOMBS, EXPLOVED
ABOVEGROUND IN REMOTE
LOCATIONS, CREATED
RADIOACTIVE FALLOUT
THAT WAS DETECTED IN
AIR, RAIN, FOOD, 50IL, AND
WATER ALL OVER THE RS
WORLD. Tt e T

IN 1954, STRONTIUM-90, A RAVIOALTIVE ELEMENT SIMILAR TO CALLIUM, WAS
FOUND IN COWS' MILK AND CHILDREN'S BONES EVERYWHERE ON EARTH.

THE PAD
NEWS, TIMMY,
15 THRT YOU'LL
CARRY CANCER-
PROMOTING ATOMS
i 0
H T

oF YOR

THE Goob NEWS 1% You woN'r
NEED THAT GLOW-IN-THE- DARK
HALLOWEEN OORTWE) AFTER

LL!

GOVERNMENTS ADDRESSED THIS
PROBLEM BY AGREEING TO TEST
WEAPONS DEEP UNDERGROUND,
WHERE NO RADIOACTIVITY LOULD
REACH THE ATMOSPHERE.

oMY THE ™
GROUNDWATER!
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SPRAYED ON CROPS TO KILL

THE NEXT WAKE-UP | 1usgeTs, TRACES OF DDT
CALL CAME FROM TRICKLED INTO PONDS AND
THE PESTICIDE STREAMS...

BUT DDPT HAS TWO
NASTY PROPERTIES:
IT'S LONG-LIVED, AND
IT ACCUMULATES IN
FATTY TI%5UE.

THIS MEANS THAT
LIVING THINGS
ACTUALLY CON-
CENTRATE DUT.
THE HI6GHER UP THE
FOOP CHAIN YOU
60, THE 6RGATGR
THE CONCENTRATION.

WATER: 3 PARTS PER
TRILLION (BARELY
DETELTABLE)

BY THE TIME YOU REACH FISH-EATING BIRDS LIKE
CAGLES AND PELICANS, CONCENTRATIONS REACH

25 PARTS PER MILLION, AN @-MILLIONFOLD INCREASE
OVER THE AMOUNT IN WATER AND ENOUGH TO IMPAIR
THE FORMATION OF EGGSHELLS.

WHY WASKT
1 CoNSULTEp
ABOUT THi3?

192

BY THE 19605, PELICAN
POPULATIONS HAD
PLUMMETED, AND BALD
EAGLES HAD NEARLY
PISAPPGARED.

EGGOHELLS
T00 THIN




RACHEL
CARSON

SILENT SPRING.

("IN 1962, SCIENCE WRITER

MADE AMERICA TREMBLE
WITH HER BOOK THE

CARSON WARNED )

THAT IF DUT AND
OTHER PERSISTENT
CHEMICALS WENT
UNCHECKED, THEY
WOULD $PREAD
THROVGHOUT THE
ENVIRONMENT,
KILLING WILDLIFE
AND RAISING CANCER
RATES AMONG
HUMANS. CHANGE
COURSE, SHME SAID,
OR RISK POISON-
IN6 THE EARTH.
-/

OVER THE NEXT FEW YEARS, ENVIRONMENTAL QUALITY PLUNGED.. THE HUDPSON
RIVER DIED... THE GREAT LAKES GASPED.. THE OIL-CHOKED CUYAHOGA RIVER
ACTUALLY CAUGHT FIRE... (1)

=

— .

—_— ——
s .—-%—-4'

P

&

o~
-

GRADVALLY IT PAWNEV ON
PEOPLE THAT YOU CAN'T

THROW THINGS AWAY, BECAUSE
THERE 15 NO "AWAY"—AND 50

BEGAN THE BIGGEST SOCIAL
MOVEMENT IN V.5. HISTORY:

ENVIREN:

MENHALISINE

) \J;—x
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IN 1972, THE UNITED
STATES PASSED THE
MOST STRINGENT
POLLUTION-CONTROL
REGULATIONS IN THE
WORLD, AND (REATED AN

environmental
protection
agency

TO OVERSEE COMPLIANCE.

=

Z-
—
T

Z
-
—

THE E.PA SET LIMITS ON
INDUSTRIAL AND
AUTOMOTIVE EMISSIONS
OF VARIOUS KINDS:

TENRIE

SUBSTANCES ARE
THOSE THAT ARE
JUST PLAIN POISON.
AT LOW DOSES,

THEY ARE FATAL TO
HUMANS.

MA’ZZA@@@@S

WASTES ARE THOSE THAT MAY BURN,

NO MORE
CYANIDE DOWN
“THE DRAN?

DISSOLVE THINGS, EXPLODE, IRRITATE, OR
CAUSE ALLERGIC REACTIONS.

JUST A (INT oF

@mnw@@@ms

INCREASE THE RISK OF CANCER. THESE
INCLUDE NOT ONLY MANY CHEMICALS BUT
ALSO ANYTHING THAT EMITS RADIATION.

4INCE WHEN
DID A UTTLE
CANCER. HURT
ANY&o0Y ?




(THE ALLOWABLE DISCHARGE LEVELS OF |  PESTICIDES, FOR EXAMPLE, RAISE
THESE CONTROLLED SUBSTANCES ARE CROP YIELDS, LOWERING FOOP
BASED ON RISK-BENEFIT OR £OST- PRICES FOR EVERYONE..
BENEFIT ANALYSIS, IN WHICH THE :

RISKS (OR CO5T5) OF POLLUTION ARE
BALANCED AGAINST THE BENGFITS OF
USING THE CHEMICAL.

BUT PESTICIDES ARE POISONOUS.
HOW DO YOU BALANCE THE
BENEFIT AGAINST THE HEALTH
DAMAGE TO FARMWORKERS?

MO
) PesTiCioes !
THIS MAY S0UND REASONABLE. EVERY-

THING IN LIFE 15 A TRADE-OFF, RIGHT? 4
AND WHAT DO YOU DO WHEN
o N YOU LATER DISCOVER THAT
& PESTICIDE TOXINS ARE SHOWING
- - {,.\ UP IN GROUNDWATER? OR THAT

- / y INSECTS, MASTER F-STRATE-
Sh} 4 615T% THAT THEY ARE, BECOME
& RESISTANT TO ONE PESTICIDE
AFTER ANOTHER?

THE PROBLEM 15 THIS: BENEFITS ARE
OFTEN EASY TO SEE, BUT CO5TS CAN
BE HARD TO A%5E%%, HIDDEN, OR ONLY
APPARENT LATER ON.




DESPITE SUCH PROBLEMS, THERE HAVE BEEN MANY ENVIRONMENTAL SUCCESS
STORIES SINCE 1972. DUT WAS BANNED OUTRIGHT (FOR USE IN THE USA—
AMERICAN COMPANIES CAN AND DO STILL SELL IT ABROAD!), ANV BIRD
POPULATIONS HAVE REBOUNDED SOMEWHAT.

BEFORE 1972, HAZARDOUS CHEMICALS WENT DPOWN THE DRAIN.. NOW THEY 60
INTO LICENSED, MONITORED, POUBLE-LINED DISPOSAL FACILITIES
OR ARE INCINERATED UNDER STRINGENT EMISSION CONTROLS.

& paoT!

BUT ENFORCEMENT
15 IMPERFECT...

STANDARDS IN MANY R 75 B /ot ewen
COUNTRIES ARE =

WEAK... AND BEFORE L = ISLANDERS
1972 WE HAD .

ALREADY PUMPED
BILLIONS OF TON%
OF CHEMICALS INTO
THE ENVIRONMENT
THAT WE CAN'T
EASILY TAKE BACK.

\_
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WHILE TOXINS WERE A HIDDEN PROBLEM THAT SNEAKED UP ON US, AIR
POLLUTION WAS RIGHT UNDER OUR NOSES. THE COMBUSTION OF FO%5IL
FUELS IN FACTORIES AND CARS PRODUCES A HOST OF NOXIOUS STUFF:
NITROGEN OXIDES, SULFUR DIOXIDE, CARBON MONOXIDE... AND
MANY INDUSTRIAL CHEMICALS ARE GASEOUS AS WELL. THE IMMEDIATE AND

IN THE 19705, AIR POLLUTION WAS TREATED AS A LOCAL PROBLEM: IT HAP-
PENED MAINLY IN LITIES. THE CLEAN AIR ACT IMPOSED LIMITS ON VARIOUS
EMISSIONS, 50 THAT CARS NOW COME WITH POLLUTION-CUTTING CATALYTIC
CONVERTORS... WHILE POLLUTING INDUSTRIES BOUGHT $CRUBBERS, BAG-
HOUSE FILTERS, ELECTROSTATIC PRECIPITATORS, AND CYCLONE SEPARATORS
TO CLEAN UP THEIR FALTORY SMOKE.

LOOK AT THaT!
CLEAN TECHUNOLOGY!

RESULT: ANOTHER (LOCAL) SUCLESS. A NEW CAR NOW EMITS ABOUT 2% THE
POLLUTION OF A 1970 MOVDEL.. AMERICAN FACTORIES ARE CLEANER, AND MOST
AMERICAN CITIES AIR 15 MORE BREATHABLE NOW THAN IT WAS 20 YEARS AGO.
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BUT ATMOSPHERIC
CIRCULATION 15 WORLDWIDE,
AND ATMOSPHERIC CHEMISTRY
15 COMPLEX. THE ECOSYSTEM
MOVED THOSE GASEOUS
POLLUTANTS AROUND AND
TRANSFORMED THEM FROM
LOCAL 5MO6 INTO SOME
RESIONAL AND EVEN 6LOBAL
SURPRISES.

15 CAUSED WHEN SULFUR DIOXIDE
(50,) AND NITROGEN OXIDES (N,0,
NO, AND NO,) IN THE AIR REACT WITH
OTHER G6ASES TO FORM SULFURIC

ACID (H,50,) AND NITRIC ACID (WNO,),
TWO OF THE STRONGEST ALIDS IN
NATURE. PI95OLVING IN RAINWATER,
THESE ACIDS FALL TO EARTH.

L] o o
° o GET ME
o (©) ONE MILLION
POSES oF
\ BICARBONATE

OF SODA..

DD R

WHEN ACID RAIN HITS THE 6ROUND, IT RELEASES METAL IONS FROM THE 50OIL:
ALUMINUM, CADMIUM, MERCURY, ANV LEAD, WHICH LEACH INTO THE
AQUIFER, POISONING FISH—AND ANIMALS (SUCH AS PEOPLE!) THAT EAT FISH.

EVEN WITHOUT THE METALS,
FiSH CAN'T SURVIVE IN A
STRONGLY ACID ENVIRONMENT...
AND TODAY, MANY NORTHERN
LAKES ARE ACIDIFIED TO SOME
PEGREE.
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SO LONIE

ATMOSPUERIC OXYGEN, EVERYONE'S
FAVORITE 6A%, NORMALLY EXISTS
IN THE FORM OF A 2-ATOM

MOLECULE, O, .
N

BUT HIGH ABOVE THE EARTH, EXOTIC
CONDITIONS PRODUCE A 3-ATOM
MONSTER CALLED OZONE, OR 0.

THIS LAYER OF OZONE PLAYS A
CRITICAL ROLE IN MAINTAINING LIFE
ON EARTH: IT $CREENS OUT THE
SUN'S LETHAL ULTRAVIOLET (UV)
LI?ADIATION.

THEN ALONG CAME ARTIFICIAL CFC5... SHORT FOR CHLOROFLUOROCARBONS.
A CHEMIST’S DREAM, NON-TOXIC, NON-FLAMMABLE, HIGHLY STABLE COMPOUNDS,
CFCs WERE FIRST SYNTHESIZED IN THE 19305 AND QUICKLY INCORPORATED
INTO REFRIGERATOR COILS, AEROSOL SPRAY CANS, AND THE BUBBLES
IN $TYROFOAM. FROM THERE THEY FOUND THEIR WAY TO THE UPPER
ATMOSPHERE, WHERE THEY ATTACK OZONE.
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("IN THE STRATOSPHERE,
CHLORINE ATOMS ESCAPE
FROM THE CFC MOLECULES...
AND CHLORINE BREAKS DOWN
OZONE MOLECULES, WHILE
REMAINING UNAFFECTED
ITSELF. A SINGLE
CHLORINE ATOM CAN
UNDO UP To 100,000
MOLECULES OF OZONE,
ALLOWING MORE UV RADIA-
TION TO 6ET THROUGH TO
THE EARTH.

SINCE THIS REACTION MAINLY HAPPENS ON COLD CLOUD SURFACES, THE OZONE
“HOLE” FIRST APPEARED OVER THE SOUTH POLE.. BUT OZONE 15 ALSO THIN-
NING OVER THE CONTINENTS... UV INTENSITY ON THE GROUND 15 INCREASING,
AND 50 ARE SKIN CANCER RATES, EVEN AMONG DARKER-SKINNED PEOPLE,
WHOSE PIGMENT HAD PREVIOUSLY PROTECTED THEM FROM MOST SOLAR
RADIATION.

\ [4
~ O~
7/ e N

é DV YSED T
BE MY FREMD!)

HUMANS (AN ALWAYS WEAR SUNSCREEN AND )
DARK G6LASSES, BUT WHAT ABOUT ALL THE CFC PRODUCTION 1%
OTHER PLANTS AND ANIMALS, LIKE THE THIN- BEING PHASED OUT
SKINNED FROGS THAT ARE DYING BACK 6LOBALLY, BUT REPLACE-
WORLDWIDE? MENT CHEMICALS ARE
NOT ALWAYS EASY TO

FIND, AND THE STUFF
ALREADY IN THE AR
CONTINVES TO EAT
OZONE EVEN A% YOU
READ THIS.




AND FINALLY, THERE'S -

FROBAL WaARMNG:

(PROBABLY!)

IF YOU TAKE ALL THE “POLLUTANTS”
OUT OF EXHAUST 6AS—THE SULFATES,
NITRATES, LEAD, 500T, ETC.—YOU ARE
LEFT WITH PURE ZARBON DIOXIDE,
AND WHAT COULD BE WRONG WITH .
THAT? WE EXHALE THE STUFF ALL THE

;uee
LANT‘
TIME, AND PLANTS BREATHE IT IN. foov!

AGAIN, THE PROBLEM 15 SOLAR RADIATION. CARBON DIOXIDE 6A5 ABSORBS
THE SUN’S RAYS AND WARMS UP.. THAT BIT OF RADIATION 15 NOT REFLECTED
BACK INTO SPACE.. AND 50, GENERALLY SPEAKING, THE MORE CARBON DIOXIDE
IN THE AIR, THE KIGHER THE EARTH'S TEMPERATURE SHOULD BE.

THE RESULT 15 LIKE HEAT /
TRAPPED IN A GREENHOUSE,

50 THIS 15 CALLED THE
GREENHOUSE EFFECT.

Tl

STUDIES OF ANCIENT EARTH CHEMISTRY SHOW THAT ATMOSPHERIC €O, LEVELS
HAVE FLUCTUATED WIDELY OVER THE PLANET'S LONG HISTORY.. AND THEY'VE
BEEN STEADILY RISING FOR THE LAST CENTURY..

SCIENTISTS ARE NOW
TRYING TO SEE WHETHER
ANCIENT RISES IN €O,
CORRESPOND TO PERIODS
OF WARMER CLIMATE.




[ THERE 15 MUCH DISASREEMENT ABOUT )
6LOBAL WARMING... CLIMATE 16 VERY
IMPERFECTLY UNDERSTOOD... IT ISN'T

N'T
EVEN CLEAR EXACTLY HOW TO O et
MEASURE AVERAGE TEMPERATURES.. ARE WARMER Aﬁg Jggmw
o
1L
Vo WE [
TRACK K16 | MSTERIOUS.

TEMPERATURES,?

BUT SOMETHING SEEMS TO BE HAPPENING... 5EA LEVEL HAS RISEN 6 INCHES
SINCE 1900 (THE RESULT OF MELTING POLAR ICE? WATER EXPANDING FROM
HEATING UP?).. HEAT WAVES ARE MORE COMMON... ALPINE PLANT ZONES ON
MOUNTAIN SLOPES ARE STEADILY MOVING UPHILL, AS IF TEMPERATURES ARE
BECOMING MORE TOLERABLE AT HIGHER ALTITUDES.

Yo YOU REMEMBER
BANANAS UERE LAST

'SCIENTISTS HAVE ALSO NOTICED THAT CARBON DIOXIDE 15 NOT THE ONLY
6REENHOUSE 6A%. METHANE (CH,), PRODUCED FROM MANY AGRICULTURAL

SOURCES, FROM COW BURPS TO NATURAL FERMENTATION, MAY HAVE 20 TIMES
THE EFFECT OF €O,.

* “How Do You LIKE MY _
CATTLE-ITic CONVERTOR?
J




BY SOME ESTIMATES, WE (AN EXPECT A RISE OF 2.5° CENTIGRADE BY THE
YEAR 2050 (4.5° FAHRENHEIT). THIS DOESN'T SOUND BAD UNTIL YOU REALIZE
THAT IN THE LAST ICE AGE, A 4-DESREE DROP PUT A MILE OF ICE UNDER-
FOOT. THINK ABOUT 20-FOOT HIGHER SEA LEVELS.. OR 120° SUMMER DAYS..

PEOPLE WiLL
LooK 0 RIDICULOYS,

WAR WILL Be
IMPOS5(BLE !

ON THE OTHER HAND, IT
MAY BE THAT HIGHER
TEMPERATURES WILL
CREATE MORE CLOUDS,
WHICH REFLECT MORE
HEAT... OR PERHAPS
INCREASED PLANT
GROWTH WILL ABSORB
THE €O,, KEEPING U5
¢ooL.

WILL YoU MAKE
VP YOUR MIND?

—

WHATEVER THE
CASE, IT DOESN'T
LOOK A% IF
FO55IL FUEL
BURNING 15 60ING
TO SLACK OFF
ANYTIME SOON...
S0 EXPECT CO,
LEVELS TO KEEP
LRI‘HN(’.

WELL, WELL
Know SooN
2 ENOUGH -




BY NOW, IT SHOULD BE CLEAR THAT WE
INCREASINGLY LIVE IN A WORLD OF OUR OWN
MAKING... AND THE QUESTION 15—WHAT ARE
WE 60IN6 TO PO ABOUT IT??7?

o ]| : \ SUPPDSE
—_— T GOING “Away™
' = ISN'T AN




o CUAPTER 140

EARTH ISLAND

LIKE THE PEOPLE OF EASTER \SLAND, THE PEOPLE ON
THE REST OF THE EARTH ARE RAPIDLY CHANGING THEIR
ENVIRONMENT. ARE WE POOMED TO A POPULATION
CRASH AND A BARREN LANDSCAPE? OR CAN WE SUSTAIN
A GREEN FUTURE FOR OURSELVES AND THE PLANET?




ONE OF THE SCARIEST FORECASTS OF DOOM
WAS GARRETT HARPIN'S 1968 ESSAY

“THE TRAGCEDY ©F 1tz COMMONS”

WHICH “PROVED” THAT DISASTER COULDN'T BE AVOIDED.

IMAGINE A PASTURE, 6065 HI$ ARGUMENT,
WHERE 70 INDEPENDENT HERDERS
GRAZE THEIR CATTLE. EACH UERDER
WANTS TO MAXIMIZE HIS OWN WEALTH.

/7’4
IF HERDER TOM ADDS ONE COW TO BUT THE ENVIRONMENTAL £O5T OF AN Ex-
HIS UERD, WE CALL HIS GAIN +1. TRA COW 15 SHARED BY ALL T&N HERDERS,

50 TOM'S COST 15 ONLY V,,. TO TOM,
EVERY NEW COW 15 PROFITABLE.

1 -5

= 7 )

THE RESULT 15 NO SURPRISE: TOM UNTIL. THE COMMONS 1S5 OVERGRAZED
6ETS A5 MANY COWS AS HE CAN.. AND TURNS INTO A DESERT. IN THIS
AND 50 PO. PICK, HARRY, AND ALL STORY, EVERYBODY LOSES.

THE OTHER HERDERS...

DANG. HOw'D 1T
61T 50 (ROWDED
ALL OF A 4ypDEN?




(N THE WIDER WORLD, THE
COMMONS CONSISTS OF
THE AIR, THE SEA AND
ALL THE AVAILABLE
RESOURCES THAT PEOPLE
ARE FREE TO USE.
HARDIN'S ARGUMENT MEANS
WE ARE BOUND TO GOBBLE
UP OUR RESOURZES AND
FOUL THE PLANET IN A
SHORT-5I6HTED,
COMPETITIVE PURSUIT OF
| GAIN.. WEVITABLY!

ANOTHER CHEERFUL NOTE. FROM 1968 WAS SOUNDED BY PAUL EMRLICH'S BOOK
THE POPULATION BOMB. LIKE MALTHUS, EHRLICH SAW AN EXPLODING POPU-
LATION AND CONCLUDED THAT MASS STARVATION WAS JUST AROUND THE CORNER.

MORE? IN 1972, THE LIMITS
TO G6ROWTH (8Y MEADOWS
ET AL.) PREDICTED THAT
POPULATION TRENDS,
ENVIRONMENTAL CONDITIONS,
AND THE WORLD ECONOMY
WERE ALL CONVERGING
TOWARD AN EARLY, POLLUTED
COLLAPSE. IN THE '80%, THE
GREENHOUSE EFFECT WAS
DESCRIBED... OZONE
DEPLETION WAS PREDICTED
AND THEN OBSERVED... ETC.
ET¢. ETC...




50.. WHAT, IF ANYTHING,
15 WRONG WITH THESE
ARGUMENTS?

THERE /S
SOMETHING
WRONG, \SN'T
“THERE 7

FIRST OF ALL, LET'S ADMIT IT: ALL THESE PESSIMISTS MAY BE RIGHT! WE HAVE
THE EXAMPLE OF EASTER ISLAND, AND NATURE 15 FULL OF POPULATIONS THAT
HAVE COLLAPSED DOWN THE J-CURVE.

E———

Wi}

AT THE SAME TIME, NO MATTER HOW
TEMPTED WE ARE TO LIE POWN AND
WAIT FOR POOMSDAY, THERE ARE SOME
DISTURBING 516N% OF.. HOPE!

RETS...JUsT

WHEN 1 WAS
GETTING

COMFORTABLE...




TAKE THE TRAGEDY OF THE
COMMONS... (PLEASE!) THE
FLAW THERE 15 THAT HARDIN'S
HERDERS NEVER TALK TO
EACH OTHER... THERE 6 NO
MANAGEMENT OF THE
COMMON LAND.. THEY WAVE
NO CONCEPT OF THE COMMON
600D, NO VISION OF THE
FUTURE.

YOU'RE NOTHING BUT
A BUNCH OF SELFISH
Atoms!

WY, TRANK
JOU, MA'AM,

Z

7

IN REALITY, MANY TRADITIONAL SOCIETIES HAVE MAINTAINED COMMON RESOURCES W
FOR HUNDRED%, EVEN THOUSANDS, OF YEARS. THE COMMONS MAY BE OVERSEEN
BY A COUNCIL OF ELDERS, AND INPIVIDUAL COMPETITION |5 RESTRAWNED BY
CUSTOM AND RELISION.

DON'T YOUR
6oP5 FROWN
ON UNBRIDLED
GREED?

THE INDUSTRIALIZED WORLD HAS A MIXED RECORD. IN EASTERN EUROPE, WHERE
COMMUNIST IDEOLOGY STRESSED INDUSTRIAL DEVELOPMENT AT ALL COSTS, THE
ENVIRONMENT SUFFERED HORRIBLY. IN THE WEST, WHERE GOVERNMENTS PAY MORE
HEED TO COMPETING INTERESTS, THERE ARE LARGE NATURAL PARKS AND ENVIRON-
MENTAL REGULATIONS—ALONGSIDE POLLUTION, OVERGRAZING, AND THE REST.




(BN A WORLDWIDE SCALE, NO COUNTRY, COMPANY, OR ORGANIZATION OWN$ THE W
OCEANS OR ATMOSPHERE, 0 AT THIS POINT IT I5N'T EASY TO SAY HOW THEY
CAN BE PROTECTED.

\T'% BASY
ENOUGH To SAY How
THEY WON'T BE

EVEN 50, THE NATIONS OF THE WORLD HAVE UNITED TO PHASE OUT OZONE-
GOBBLING CF(5 COMPLETELY AND TO REGULATE CERTAIN ASPECTS OF OCEAN
EXPLOITATION. HOW THESE INTERNATIONAL AGREEMENTS CAN BE ENFORCED
\REMMN% TO BE SEEN.

A% FOR THE POPULATION
BOMB—DESPITE POPULATION
GROWTH, PER-CAPITA FOOD
PROPUCTION HAS RISEN A LOT
SINCE 1968. CHINA, INDIA, AND
INDONESIA, WITH HALF THE
WORLD’S POOR, BECAME SELF-
SUFFICIENT IN 6RAIN BY THE
19905...

THANKS MAINLY
TO HIOK-INPYT
PLANT VARIETIES
AND CHEM(CAL
FERTILI2ER.--

ANIMALS TRAT CoNVERT

FOOD ENERGY MORE

EFFICIENTLY, BACTERIA

THAT EAT ?%L\mon,
. E vee




BUT WHAT ABOUT DEPLETING OUR
RESOURCES? ALTHOUGH FARMLAND
- 16 FINITE AND FOS5IL FUELS
(EXCEPT COAL) WON'T LAST LONG,
ALTERNATIVE FUELS DO EXIST, AND
MOST NON-FUEL RESOURCES ARE
STILL PLENTIFUL. MANY MINERALS
CAN BE REPLACED BY CHEAPER,
MORE ENVIRONMENTALLY FRIENDLY
ALTERNATIVES.

THE “RESOURCE™ WE ARE SQUANDERING MOST HEEDLESSLY |6 THE BIOSPHERE
ITSELF. WE DEPEND ON PLANTS TO TURN CO, INTO BIOMASS AND TO FILTER
POLLUTANTS FROM THE AIR AND WATER. PLANTS REGULATE THE WATER CYCLE
AND PLAY A CRITICAL ROLE N OTHER CHEMICAL CYCLES AS WELL. OTHER ORGANISMS
AERATE 50I1L%, $TORE WATER, RECYCLE PLANT NUTRIENTS, CONTROL PESTS,
POLLINATE FLOWERS, AND ON AND ON AND ON!!!

OUR RECKLESS USE OF THE BIOSPHERE 15 THREATENING IT5 ABILITY TO DO
THE JOB WE REALLY NEED: RUNNING THE CHEMICAL CYCLES AND PRESERVING
THE AR, WATER, AND SOIL.

UM.. ARE
You TRYING
TO TELL ME
SOMETHING?

n




(50 WHAT 15 A

S@S%UN&B&E RRESYSTEM 2

ONE BI6 LESSON OF THIS BOOK 15 THAT ECOSYSTEMS ARE DYNAMIC.
SUSTAINABLE DOES NOT MEAN DULL AND UNCHANGING. TO BE SUSTAINABLE, AN
ECOSYSTEM NEEDS TO BE RESILIENT ENOUGH TO RECOVER FROM ALCWDENTS
AND TO RECOLONIZE PREVIOUSLY LOST SPACE.

SUSTAINABLE DEVELOPMENT SHOULD MEET THE NEEDS OF THE PRESENT
WITHOUT DEPRIVING FUTURE GENERATIONS OF THE ABILITY TO MEET THEIR
NEEDS. WE WANT TO LEAVE OUR CHILDREN A WORLD AT LEAST AS 6009 AS
THE ONE WE WERE BORN INTO.

S5AM, WE MAY NoT BE
GETTING THAT SECOND
TELEVISION, AFTER ALL...

MOM, YOU ARE

IN THE PAST, WE ALWAY%
ASSUMED THAT OUR INGENUITY
WOULD CREATE OLUTIONS TO
PROVIPE FOR FUTURE
GENERATIONS, BUT CAN THIS
60 ON INDEFINITELY? AT
SOME POINT, WE HAVE TO
FACE THE FACT THAT WE ARE
JUST A PART OF A LIMITED
BIOSPHERE. THERE 15 ONLY %0
MUCH MATTER AND ENERGY
AVAILABLE!

N FAR AS [
KNOW, I'M THE
ONLY EARTH o

\
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IN THE LONG RUN, THIS CAN MEAN
ONLY ONE THING: A NO-6ROWTH
ECONOMY, N WHICH PEOPLE ENJOY
A 600D QUALITY OF LIFE BUT DON'T
CONSUME 50 MUCH STUFF.

WARNING
THIS IDEA MAKES
50ME PEOPLE VERY
UNCOMFORTABLE!

el NG

ZERO GROWTH 15 FOR THE
LONG TERM—BUT WHAT
ABOUT RIGHT NOow?

UNQUESTIONABLY, WE

We'tL
HAVE TO REDUCE
;%S%NTM“&M WASTE: FARM WITH-
BUSINESS! OUT EXCESS, \MPROVE

EFFICIENCIES OF FUEL
EXTRACTION AND
ENERGY CONVERSION,
AND REDUCE THE USE
OF WOOD, METAL, AND
PETROLEUM-BASED
SYNTHETIC.

IN AGRICULTURE, WE NEED TO INTENSIFY: 6ROW MORE (ROP ON THE SAME
LAND (OR EVEN LESS LAND, AS CITIES ENCROACH ON FARMLAND). AGAIN THIS 15
A QUESTION OF LESS WASTE AND MORE CAREFUL HUSBANDRY OF PLANT
NUTRIENTS.

ALSO: PRESERVE
PLANT DAVERSITY
AND REDUCE
MONOCROPPING!




WELL, 1 RECKON
we'ge ABOUT T
FIND OuT...

( POPULATION CONTINUES TO
6ROW, AND NEARLY HALF THE
NEW MOUTHS WILL BE IN
CHINA, INDIA, PAKISTAN,
BANGLADESH, AND NISERIA,
ALL COUNTRIES WITH WATER
PROBLEMS AND DEGRADED
ECOSYSTEMS. THEIR
ECOLOGICAL RECOVERY 15
UNLIKELY TO COME IN THE
| NEXT FEw DECADES.

HOW MANY
fcoPLE oM THE
PLANET SupporT?

POPULATION CONTROL 15 A GOVERNMENT GOAL IN MOST OF THOSE
COUNTRIES. A5 WE'VE SEEN, TWO OF THE MOST EFFECTIVE FORMS OF
POPULATION CONTROL ARE PROSPERITY AND THE EDUCATION OF WOMEN.

¢\ FELT
SECURE THAT THEY'D
ALL LIVE TO ADULTHOOD
ARD 1 DIDK'T DEPEND ON
THEM TO SUPPORT ME IN
S
MAN
OF 'EM?D y

INFORMATION 15 A CATALYST FOR CHANGE. AS WE ENTER THE INFORMATION AGE,
IT 15 BECOMING POSSIBLE TO BRING THE LATEST ADVANCES IN BIOTECHNOLOGY,
AGRICULTURAL PRACTICES, \RRIGATION TECHNIQUES, AND EVEN COOKSTOVE
TECHNOLOGY TO THE REMOTEST PLACE ON EARTH—AND TO LEARN FROM

TRADITIONAL CULTURES HOW THEY PO 1T!

WM. TS FuLL
. OF BOOKS CALLED
THE CARTOON
BUIDE To THE
ENVIRONMENT...
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FUNDAMENTALLY, 6LOBAL CHANGE WILL COME FROM THE 5+ BILLION INDI-
VIDUALS WHO LWE ON THIS PLANET. USING LESS PAPER, METAL, AND PLASTIC...
GROWING AND BUYING PESTICIDE-FREE FOOD.. PLANTING TREES.. CONSERVING
WATER... USING LONGER-LIVED 600D5.. RECYCLING AND BUYING RECYCLED
PRODUCTS... HAVING FEWER CHILDREN.. AND PUSHING OUR LEADERS TOWARD
SUSTAINABLE POLICIES: ALL THESE ARE ELEMENTS OF 6LOBAL CHANGE.

RED, WHITE, AND YELLOW,
We ALL NEED To B¢

A

et SRIEY "; '
H\Tfm ?4‘,4 4“\; 9 7 ’Lﬂ

g

9 '
‘i.\ ':}’/
X

WE ARE ALL PART
OF THE BIOSPHERE

o CET
REMARKABLE ISLAND L VIRONMENT,
OF LIFE. EVERY 60 OUT AND lMAKE
INDVIDUAL WHO NOUR OWN!

“THINKS G6LOBALLY
AND ALTS LOCALLY”
LIKE A RESPONSIBLE
HETEROTROPH 15
PART OF THE
MOVEMENT TOWARD
SUSTAINABILITY.
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DON'T FORGET TO TURN OUT THE LIGHTS!

216



NOW IF
ONLY BoOKS
WEREN'T MADE
OF TRees...

L

S\T.
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Abiotic conditions, 17, 31
Acid rain, 198
Adaptability, as limiting factor, 31, 76, 80
Agriculture, 86-89
cash crop from, 165
disadvantages with, 100-103
early, 91
migrant workers for, 162
population growth and, 98
soil depletion from, 92
types of, 160-63
Air pollution, 149, 178, 181, 197-98
Albatross, 125
Algae, 39, 46, 161, 186
Alligators, 130
Allopatric speciation, 28
Aluminum cans, 149, 152, 153, 182
Amino acids, 24
Amoebas, 113
Amphibians, 27, 122, 134
Animals
carbon dioxide and, 15
domestication of, 90-91, 96
oxygen and, 14
work efficiency of, 139
Antelope, 52
Arctic tundra, 45, 48, 49
Avizong, 184
Arthropods, 46, 122
Aswan dam, 97

Atmosphere, 16-17, 37. See also Air pollution.

Auk, Great, 125

Australia, 123, 125
Automobiles, 147, 149, 153
Autotrophs, 72

Baby boom, 109

Bacteria, 14, 19, 59, 73, 107
intestinal, 79, 81
land-based, 46
ocean, 39
pathogenic, 77, 79, 113
for pollution controf, 210
species of, 28
sulfur-loving, 69
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in wastewater, 186
Balance, dynamic, 15, 63, 78, 212
Bananas, 165
Bangladesh, 214
Barley, 91
Beans, 91, 92
Bear, 49, 51 :
Beavers, 51, 126, 129-32
Beer, 171
Beetles, 50
Benthic zone, 44
Bicycles, 177
Biodiversity, 34-36, 61, 123, 213
extinction versus, 133-36
industrial farming and, 170
Biogeochemical cycles, 20, 25, 69
Biomass, for energy, 139, 157, 160
Biome(s), 47-58
precipitation and, 48
transition zone of, 57
Biotic factors, 30, 31
Birds, 122, 126
DDT and, 192
hunting of, 125
migratory, 134
phosphorus cycle and, 23
Bison, 52, 129
Bobcats, 51
Boltzmann, Ludwig Eduard, 143
Bombay, 187
Boreal forest, 48, 50
Bottles, cans versus, 152
Breadfruit, 165
Breeder reactor, 154
Bricks, 95, 140
Bubonic plague, 112, 11518
Buffalo, 52, 129
Buffalo Bill Cody, 127
Butterflies, 50
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Cairo, 187
Calcium, 13, 19
Cans, aluminum, 149, 152, 153, 182
Carbon
cycle, 13, 20, 22
dioxide, 15, 20, 201
as macronutrient, 19



Carcinogens, 191, 193, 194, 200
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Camivores. See also Predators.
energy efficiency of, 71
as secondary consumers, 72
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Cars. See Automobiles.
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Cash crops, 165
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Cats, 134
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domestication of, 91
grain-fed, 162
grazing of, 2067
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prairie dogs and, 131
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Chain, food. See Food chain.
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Character displacement, 76
Charcoal, 126, 140
Chemicals
cycles of, 5. See also specific types, e.g.,
Nitrogen cycle.
energy from, 66, 69
pollution from, 190-91
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China
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famines in, 111
food production in, 210
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population growth in, 214
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Coffee, 165

Colorado River, 184
Combustion engine, 145, 147
Commensalism, 77, 81
Commercial hunting, 127-31
Community development, 58
Commuting, 151, 152
Competition, 75, 76, 132-33
Computers, 147
Condensation, 7
Condors, 199, 133
Coniferous trees, 50
Conservation, energy, 152-54
Consumers, 15, 72-73
Conversion, energy, 14243
Copper, 19
Coral reefs, 41, 77
Cormorant, 75
Com, 91, 165
Cost-benefit analyses, 195
Cougar, 67 ,
Cowbirds, 134
Coyote, 52
Cuyahoga River, 191, 193
Cyanobacteria, 14
Cycle(s)
biogeochemical, 20, 25, 69
carbon, 13, 20, 22
hydrosphere, 20
nitrogen, 13, 20, 21
oxygen, 13-16, 20
phosphorus, 13, 23, 24
sedimentary, 23
water, 7-9, 13

Dams, 97, 130
Daycare, 152
DDT (dichlorodiphenyltrichloroethane), 192-93
Deciduous forest, 51
Decomposers, 73
Deer, 50, 51, 126, 129
Deforestation, 6, 144. See also Forest(s).
competitive exclusion and, 132
Mayan, 96
soil erosion and, 124-95
Desert(s), 48, 95
types of, 53
Developing countries
energy budget for, 160
population growth.in, 119
Differential reproduction, 27
Dinoflagellates, 41
Diseases
endemic, 114-15
epidemic, 113-14



infectious, 112-18

Native Americans and, 115

war and, 110
Distribution grid, for electricity, 148
Diversity. See Biodiversity.
Division of labor, 89
Dodo bird, 124
Dosgs, 125
Domestication, of animals, 90-91, 96
Doubling time of population, 105
Ducks, 116, 161
Dynamic balance, 15, 63, 78, 212
Dynamo, 145

Eagles, 192
Easter Island, 1-6, 10-12, 196, 205, 208
Eating, 6580 .
efficiency of, 70
E. coli, 81
Ecological succession, 58, 92
Ecosystem(s). See also Biodiversity.
cities in, 176, 188
eating in, 67
experiments on, 64
keystone species in, 130-31
niche in, 74-75
stability of, 61-64
sustainable, 212-15
Edge effect, 57
Efficiency
of eating, 70
ecological, 71-72
of electricity, 14748
energy, 70, 14647
Egrets, 129
Ehrlich, Paul, 207
Electricity
distribution of, 148
inefficiency of, 147-48
invention of, 145
Elk, 50, 52, 85
Empowerment, 173
Endangered species, 133
Endemic diseases, 11415
Energy, 39, 87. See also specific types, e.g., Fossil
fuels.
altemative, 154-57
chemical, 66, 69
conservation of, 151-54
conversion of, 14243
crisis, 151-52
defined, 137-38
efficiency of, 70, 14647
gravitational, 141, 143
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heat and, 66, 138-39
hidden, 83
mechanical, 139, 143
non-food, 137
surplus of, 102
thermodynamics and, 68-70
webs of, 137-59
Environmentalism, 16668, 193
Environmental Protection Agency (EPA), 194,196
Environmental resistance, 30
Environment, regulation of, 16
Epidemics, 113-15
Epiphytes, 55
Equilibrium, ecosystem, 15, 63, 78, 212
Ermine, 50
Erosion
flooding and, 45
soil, 93
topsoil, 10-11
Escherichia coli, 81
Ethiopia, 97
Ethnographic survey, 4
Euphotic ocean zone, 40
Euphrates River, 94
Evaporation, 7, 17
Evergreen trees, 50
Evolution, 27-36, 114
Exponential growth, 104-6, 108
Extinction, 133-36

Fallout, radioactive, 191

Famine, 111-12

Farming
cash crop from, 165
disadvantages from, 100-103
health issues with, 100
migrant workers for, 162
population growth and, 98
soil depletion from, 92
types of, 160-63

Feedback loops, 18

Fems, 46

Fertilizer, 159, 16667
consumption of, 168
electricity for, 97
phosphates for, 169
from sewage plant, 186
silt as, 97

Fire, mastery of, 83-84

Firewood, 126, 151, 157

_ for bricks, 95

conservation of, 173
Fish, 46, 97
acid rain and, 198



Fish (cont.)
DDT and, 192
for fertilizer, 169
harvesting of, 127, 174
soil quality and, 161
species of, 122
Flamingos, 126
Fleas, 77, 79, 116
Flies, 50
Flooding, 45, 60
Fluorescent lights, 147
Flu virus, 116
Food
energy from, 6667
shortages of, 110-12
supply of, 108
surplus of, 101-2
waste from, 179
Food chain, 67
efficiency of, 71-72
energy web and, 159
Force, energy and, 138

Forest(s), 48, 51, 132. See also Deforestation; Trees.

boreal, 48, 50

deciduous, 51

factories and, 140

logged, 60, 95

rain. See Rain forest.

soil erosion and, 8-9, 55, 12495
water and, 8-11

Fossil fuels, 148. See also specific types, e.g., Coal.

availability of, 149
demand for, 150
fertilizers from, 159
global warming from, 64, 201-3, 207
limits on, 137-38
nitrogen cycle and, 22
pollution from, 197-98
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Frogs, 122, 134

Fungi, 73, 77

Fumaces, 153

Gaia hypothesis, 16-18
Garbage, 178-82

energy from, 181
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Genetic diversity, 35-36
Geosphere, 17
Geothermal power, 157, 160
Ghana, 165
Global warming, 64, 201-3, 207
GNP (gross national product), 163-64
Goats, 91
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of exponential function, 105

for gross national products, 164
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Lotka-Volterra, 78

R curve, 105

S curve, 106
Grasslands, 52

destruction of, 132

polar, 49

resilience of, 62

temperate, 48

tropical, 56
Gravitational energy, 143
Greenhouse effect, 201, 207
Green revolution, 16668, 193
Gross national product (GNP), 16364
Ground sloths, 85
Groundwater, 7-8

lakes and, 44
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Harvest surplus, 1012
Hazardous wastes, 194
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energy and, 66, 138-39
Herbivores, 71, 72
Heterotrophs, 72
Hierarchy, social, 31, 89, 90
Highways, migration routes and, 132
High-yield grains, 16667
Honduras, 165
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commercial, 127-31

regulation of, 103

for sport, 128

subsistence, 127-28
Hydroelectric power, 97, 145, 156, 160
Hydrogen, 19
Hydrologic cycle, 7-9, 13
Hydrosphere, 17, 20

Ice age, 85
Incinerators, 181, 183



Indlia, 165, 167
food production in, 210
population growth in, 214
Indicator species, 133
Indonesia, 124-25, 210
Industrial revolution, 14145, 190
inertia, ecological, 62
Infectious diseases, 110, 112-18
Influenza, 116
Inland wetlands, 45
Insects, 46, 49, 50
in rain forest, 54-55
species of, 122
Insulation, 83, 153
Internal combustion engine, 145, 147
lodine, 19
Iraq, 95
Iron, 19
Island ecosystems, 48, 12324, 132, 205. See also
Easter Island.
Isolation, speciation and, 29
Ivory, 126

Jackrabbits, 52
Javan tiger, 133
Jays, 134
Jcurve, 107,113
Jute, 165

Kangaroos, 123

Keystone species, 130-31
Kilns, 140

K selection, 32-33, 36, 38

L

Labor, division of, 89
Lakes, zones of, 44
Lampreys, 79
Landfills, 17980
Landlord class, 102
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Lava, 58, 59
Leaves, soil and, 51
Leeches, 77
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Lichen, 46, 51, 59
Light bulbs, 145, 147
Limiting factors
adaptability as, 31, 76, 80
diseases as, 112-18
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for humans, 98-99, 108-19
for predators, 80
war as, 109-10
Limits to Growth, 207
Limnetic zone, 44
Littoral zone, 44
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Lotka-Volterra graph, 78
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Lubricants, 153
Lungfish, 46
Lynx, 49, 50
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Macronutrients, 19
Madagascar, 123-24
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Mangoes, 165
Mangrove swamps, 42
Manure, 92
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Marshes, 42, 45
Mass transit, 152, 153, 177
Mayans, 96
Meadows, D., 207
Meat consumption, 171-72
Mechanical energy, 139, 143
Medicinal plants, 136
Mediterranean biome, 48
Megadiversity, 123
Melons, 165
Metalworking, 140
Methane, 202
Mexico, 91, 96, 165, 187
Mice. See Rodents.
Microconsumers, 73
Micronutrients, 19
Migrant workers, 162
Migration routes, 132, 134
Millet, 91, 166
Millipedes, 73
Mink, 50
Mojave desert, 53
Moose, 50
Mosquitos, 67, 122
Moss, 46, 51, 59



Mountain lions, 51
Mountains, 48
Mudflats, 42
Mudslide, 59
Mutualism, 77, 81

Native Americans, 115, 127-28
Natural gas, 22, 145
energy budgets for, 160
Net primary production (NPP), 39, 135-36
New York City, 184
Niche, ecosystem, 74-75
Nigeria, 214
Nile River, 97
Nitrogen
cycle of, 13, 20, 21
legumes and, 92
as macronutrient, 19
Nixon, Richard M., 194
Nobility, as landlord class, 102
No-growth economy, 213
Nomadic herding, 160, 161
NPP (net primary production), 39, 135-36
Nuclear
bombs, 191
power, 145, 154-55, 160

Ocean(s), 37-39, 40
atmosphere and, 37
bacteria in, 39
international law and, 210
species in, 38
zones of, 4042
Qil, 22, 150. See also Fossil fuels.
energy budgets for, 160
whale, 126, 129 :
Oligotrophic lake, 44
Omnivores, 72
Opossum, 51
Orangutans, 32
Orchids, 55
Organization, social, 88-89, 102
Ostrich, 126
Otters, 50, 129
Output, energy, 152
Ovens, 140
Overkill theory, Pleistocene, 8485
Overlapping niches, 75
Oxygen
cycle of, 13-16, 20
as macronutrient, 19
plants and, 14
Ozone depletion, 199-200, 207, 210

Panther, 52
Parasitism, 77, 79, 81
Parks, 50, 209
Partition, niche, 75
Passenger pigeons, 129
Pathogens, 113-14
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Pelican, 192, 196
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Persian Gulf, 150
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Pesticides, 160, 192-93
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Pestilence, 112-18
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Philippines, 12425, 165
Phosphates, 23, 169
Phosphorus
cycle of, 13, 23, 24
as macronutrient, 19
manure and, 92
water pollution from, 96
Photovoltaic cells, 156
Phytoplankton, 40
Pigeons, 81, 129
Pigs, 125, 161
domestication of, 91
influenza and, 116
Pineapples, 165
Pioneer plants, 59
Pistachio nuts, 165
Plague, 112, 115-18
Plankton, 40, 45
Plants, 14, 15, 71, 91
desert, 53
disease-resistant, 172
medicinal, 136
ocean, 39
photosynthesis by, 68-69
pioneer, 59
in rain forest, 54-55
salty soil and, 94
tundra, 49
Pleistocene overkill theory, 84-85
Pollution, 189-204
air, 149, 178, 181, 197-98
bacteria for, 210
endangered species and, 133
reasons for, 190
water, 96, 180
Polynesians, 5
Pond scum, 14
Population
constancy of, 62



defined, 29
dynamics and, 30
explosion of, 84
food supply and, 108-12
growth of, 88
developing countries and, 119
exponential, 104-6, 108
farming and, 98
J curve for, 107, 113
pollution and, 190
S curve for, 106
hunter-gatherer, 82
limiting factors for, 31, 76, 80, 108-19
Population Bomb, The, 207, 210
Porcupine, 51
Potassium, 19
Poultry, 91, 161
Prairie dogs, 52, 129, 131
Precipitation, 7, 48
Predators, 78-80
limiting factors for, 80
in ocean, 38
as secondary consumers, 72
super-, 80, 84
Priests, 102
Prigogine, llya, 89
_Profundal zone, 44
Prosperity, developed countries and, 119
Protozoa, 77

Rabbits, 50-52
Raccoons, 51, 134
Radiation
fallout, 191
solar, 201
ultraviolet, 200, 207, 210
Radlicactive decay, 69
Rain, acid, 198
Rain forest, 48, 54-55, 117
as farmland, 170
medicinal plants in, 136
migratory birds and, 134
resilience of, 62
Rathje, William, 179, 182
Rats, 5, 50, 116, 125
R curve, 105
Recycling, 182
biogeochemical, 20, 25, 69
cans, 153, 182
Reefs, coral, 41,77
Refrigerators, 153, 199
Reproduction, 26
differential, 27
limiting factors in, 31, 76, 80, 108-19
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rate of, 31

strategies for, 30
Reptiles, 122
Resilience, stability and, 62
Respiration, 14, 39
Rhinoceros, 133
Rice, 91, 165, 166
Risk-benefit analyses, 195
Rodents, 5, 50, 116, 125
Roggeveen, Admiral Jakob, 2
Rome, 117
Roosevelt, Theodore, 128
R strategists, 32, 38, 59, 113
Rubber, 165
Runoff, 7

Sahara desert, 53
Salamanders, 27, 122, 134
Salt, 17, 94-95
Sandbar, 59
San Francisco, 153
Savannah, 48, 56. See also Grasslands.
Schistosomiasis, 97
S curve, 106
Sea level, rise in, 202
Seattle, 183
Seaweed, 39
Sedimentary cycle, 23
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K, 32-33, 36, 38
R, 32, 38, 59, 113
Selenium, 24
Sequoia National Park, 50
Shag, 75
Sheep, 91, 125
Shifting cultivators, 161
Shopping bags, 153
Shrews, 51
Silt, 97
Skin cancer, 200
Skunk, 51
Slaves, 140
Sloths, ground, 85
Sludge, wastewater, 186
Smelters, 140
Smog, 197-98
Snails, 97
Social organization
animals and, 90
harvest surplus and, 102
population growth and, 31, 88-89, 103
Soil
erosion of, 92, 93, 170
forests and, 8-9, 55, 124-25



Soil (cont.)
Mayans and, 96
leaves and, 9, 51
salty, 9495
water content of, 9
Solar
power, 6869, 156
radiation, 201
Sorghum, 91
Source reduction, 153, 183, 213
Specialized features, 76
Species
character displacement in, 76
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diversity of. See Biodiversity.
endangered, 133
indicator, 134
keystone, 130-31
number of, 122
in oceans, 38
threatened, 133
types of, 28-929, 122
Spermaceti, 129
Sport hunting, 128
Squash, 91
Squirrels, 50, 51
Steady state, 18, 63
Steam engine, 141-42, 154
Stoves, 145, 151,173, 214
Streams, 43, 45
Strip mines, 59
. Strontium~90, 191
Styrofoam, 199
Succession
ecological, 58, 92
primary, 59
secondary, 60
Sugar plantations, 125
Sulfur, 19
bacteria and, 69
lamps with, 147
Sumerians, 94-95
Superpredators, 80, 84
Surplus, harvest, 101-2
Sustainable ecosystem, 212-15
Swamps, 42
Symbiosis, types of, 77, 81
Sympatric speciation, 29
Syphilis, 117
Systems theory
biogeohydrochemical cycles and, 25-26
equilibrium and, 63-64
farming and, 101-3
feedback loops in, 18
organization and, 89
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Taiga. See Boreal forest.
Tapioca, 165
Tea, 153
Teotihuacan, 96
Termites, 83
Terraced fields, 93
Territoriality, as limiting factor, 31, 75, 80, 82
Thermodynamics, 68, 70, 142—43
Threatened species, 133
Ticks, 74,77, 79
Tiger, 133
Tigris River, 94
Tire-buming power plant, 181
Toilets, 18485
Tomatoes, 91, 165
Topsoil. See Soil.
Tortoises, 126
Toxic substances, 194
“Tragedy of the Commons, The”, 206—7, 209
Transportation
mass, 152, 153, 177
types of, 177
Trees. See also Forest(s).
evergreen, 50
soil and, 9, 93, 95
as water pump, 9
Trophic levels of food chain, 72
Trout, 43
Tundra, 45, 48, 49
Typhus, 116

Uganda, 97, 165

Ultraviolet radiation, 200, 207, 210
Underground testing, 191

Urban ecology, 188
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Virulence, of pathogens, 113-14
Volcanic heat, 69

Warfare, 11, 109-10
Warming, global, 64, 201-3, 207
Wasps, 50
Waste reduction, 153, 183, 213
Wastewater, 178, 179, 184-88
Water, 178, 184-85

cycle of, 7-9, 13

forests and, 8-11



high-yield grains and, 16667
lilies, 105-6
poliution of, 96, 180
table, 8
wheel, 141, 143
Watershed, 7
Weasels, 50
Webs
energy, 137-58
food. See Food chain.
Weevils, 73
Wetlands
beaver dams and, 130
coastal, 42
destruction of, 132
inland, 45
water treatment by, 187
Whale oil, 126, 129
Wheat, 91, 166
Whitetail deer, 51
Wilson, E.O., 135
Wind power, 141, 157
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Wolverine, 50
Wolves, 50-52
Work
energy and, 138
heat and, 142
Worms, 77, 122
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Yams, 91, 165
Yellowstone National Park, 50
Yosemite National Park, 50

Zero growth, 213
Zinc, 19, 24
Zone(s)

coastal, 41

lake, 44

ocean, 4042
Zooplankton, 40





