
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Conservation 

 

Why 10% goals are not enough 



It is beginning to appear that levels of sheer physical removal, degradation, and/or eradication 

of vast percentages of earth’s planetary life-support machinery may constitute one of the single 

greatest threats in the history of our species. 

 
 

 
 

 
 
 

 
 
 
 

 
 

Biodiversity and Ecosystem Function 
 

I.  Why 10% conservation goals invite collapse 
 
 

Let us begin by trying to imagine a team of astronauts in a space vehicle if they were to cannibal-

ize 95% of their guidance and propulsion systems, degrade 87% of their CO2 scrubbers, destroy 

93% of their heat shields, delete 77% of their computer codes, 89% of their oxygen production 

systems, along with 81% of their waste recycling and water-purification capabilities, and a ran-

dom evisceration of other portions of their craft's life-support machinery.   
 

In a similar way, try to imagine the owner of a new and pristine automobile who begins to sys-

tematically degrade its multiple operating systems, dismantling 50% of its steering system, 75% 

of its tires, and then destroying its carburetor, most of its spark plugs, half of its axles and brake 

shoes, and 93% of its ignition and electrical systems, while simultaneously adding on-going 

daily avalanches of contaminants into its gasoline, oil, radiator, battery, transmission fluid, and 

brake fluid. And then suppose that this individual can't understand why his automobile, which 

"has always worked in the past," doesn't function anymore.  Not so bright, is he? 
 

        Do we know anyone who seems to treat the only planetary life support machinery 

                        so far known to exist anywhere in the universe in a similar way? 
 

No rational astronauts would ever dream of inflicting such damage upon the vehicle that sustains 

their lives in space, and the rest of us would never dream of inflicting such damage upon our 



automobiles. Amazingly, however, we seem to imagine that we can systematically eradicate, dis-

mantle, and destroy the only planetary life-support machinery so far known to exist anywhere in 

the universe and to presume that it will nevertheless continue to function as it has always done in 

the past. 
 

These examples should prompt us 

to reevaluate the worldwide im-

pacts that humanity inflicts today 

on earth's biological and biospher-

ic life-support machinery. 

 
     Can Systems Survive 90%  

                Eradication?                           
. 

Two-thirds of South America’s 

rainforests lie in Brazil.  Yet, as 

recently as 2002 , “only three to 

five percent” of Brazil’s forest 

cover was set aside as fully-pro-

tected reserves.  
 

As some writers report, however, the Brazilian government has recently established an ultimate 

goal of fully protecting 10% (Wilson, 2002). While this more robust goal is to be applauded, 

Wilson promptly adds that “ten percent is not enough to save the Amazon as we know it” (ibid).                                 

. 

Although some current development plans envision 10% as sufficient to save half the species, we 

should not be at all cavalier in writing off 50% of the species in what may be earth’s richest 

biome.  In addition, it seems most unlikely that such a percentage would preserve the ecological 

and climatic services and global functioning of the tropical systems.  

 

 Somewhere during the 90% eradication that existing policy envisions  and may permit, a catas-   

  trophic threshold or tipping point with global repercussions will almost certainly be crossed. 

 

Furthermore, “…removal of 90% of the habitat allows about half of the species to hang on [but] 

removal of the final 10% can wipe out the remaining half in one stroke” (ibid), so that, with all 

the remaining populations in a single “basket,” the survivors are at risk of extinction arising from 

natural disasters and occasional stochastic events such as fires, hurricanes, outbursts of poaching, 

or corruption, extended drought, or logging concessions, as well as massive human immigration 

resulting from war, famine, or natural disaster. One reasonable starting suggestion might be, as 

Wilson notes, to allocate about half for humanity and “half for the rest of life” (ibid). 

                               
                                          Why 10% Conservation Is Not Enough 
 

The objective of conserving earth’s species, biodiversity, and the genetic and pharmaceutical 

libraries that they contain must be achieved.  But conserving species does not necessarily con-

serve function (after Kareiva, 2005).  If Brazil, for example, “saves” only ten percent of its 

rainforests, will the remnant forest still generate the region’s rain each day? And sequester the 
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world’s carbon? And generate an equilibrial supply of molecular oxygen?  Will it continue to 

function as “the lungs of the world?” 

 

   Or will disappearance of ninety percent of the forest spell the end of its role as a functioning       

          system, so that even the remaining ten percent gradually deteriorates and collapses? 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Suppose, for instance, that we take samples of the cells, tissues, and molecules in a human body 

and store them.  And by so doing, we successfully manage to conserve representative tissue sam-

ples of endocrine, bone, blood, heart, muscle, brain, connective tissue, and kidneys.  
 

                           Notice that “saving” tiny samples of each of these tissues offers 

                 no assurance whatsoever that the organism itself will continue to function.                                                                 

. 

It is not an exact analogy, of course, but think again of the moist tropical forests functioning as 

the “lungs of the world.”   If we were to save 10% of a person’s lung tissues and destroy the re-

maining 90%, could we reasonably expect the person to even survive, much less to continue to 

function normally?  Why then, should we suppose that earth’s natural systems and environmental 

machinery are invulnerable?   
 

Is saving one lung and one kidney enough? One lung would amount to 50% and one kidney is 

50%.  Is that sufficient to maintain even a suboptimal level of physiological function? Or does a 

50% loss of each system constitute a new and highly precarious condition?  Is it sufficient if we 

save some of the endocrine glands?  If a person loses one lung and one kidney and half of their 

endocrine glands, what happens to their overall prognosis?   

 

           We probably need to save at least fifty percent of earth’s natural systems and,  

         to the extent that the above analogies hold, that fifty percent may not be enough. 

 



 

                                                   Biodiversity Hotspots 

 

It turns out that earth’s plant and animal species are not uniformly spread across earth’s lands 

and seas – instead, they are concentrated in areas that harbor large numbers of different species 

in comparatively restricted regions that biologists call “hotspots.”  
 
 

If we assess earth's terrestrial 

plants and animals, we discover 

that an important percentage of 

today's species are concentrated 

into such hotspots. Brazil alone, 

for example, "is believed to harbor 

the earth's richest flora, at least 

50,000 species or one sixth of the 

planetary total" (Myers, et al., 

2000).   
 

Similarly, the island of New Gui-

nea is home to an estimated 15,000 

endemic species of plants, while 

the tropical Andes are estimated 

"to contain at least 20,000 known 

plant endemics" (ibid).  

 
            This means that allocation of significant levels of conservation support to these areas  

                       can "go far to stem the mass extinction that is now underway" (ibid). 

 

As this is written, biologists have identified approximately 34 biodiversity hotspots around the 

world.  Although the terrestrial hotspots “take up only 2.7 percent of the world’s land surface… 

astonishingly,  

                         “they are the exclusive homes of 44 percent of the world’s plant species and 

                      more than a third of all species of birds, mammals, reptiles, and amphibians.”                  
                                                                                  

                                                                                               -  Mittermeier, R., 2005 - 

                                                                                                                                       (emphasis added) 
 

Unfortunately, “…in a nightmare scenario, battalions of loggers armed with bulldozers and 

chainsaws could wipe these habitats off the face of the earth in a few months” (Wilson, 2002).   
 

Only about 300 Sumatran rhinos survive, for example, and yet a poacher can earn ten years in-

come from a single rhino kill (Wilson, 2002). Experts who work “…on the problem agree that 

Dicerorhinus sumatrensis has en-tered the end-game,” and scientist Wilson laments “the mad-

ness of it all” because the poaching and folk-remedy sales of rhino horn are taking place in the 

complete absence of any scientific evidence for curative powers (ibid). 

 
 



                                                                         Tigers in India 
 

Densely crowded India, with a population of 1.2 billion people, is home to about one-third of the 

world's tigers. The country's 1400 tigers are scattered across a fragmented system of 27 reserves 

which are under the governance of seventeen different state governments.  Among the tiger 

reserves are two national parks: Sariska, which was the home of project tiger, and Rathambhore 

which has become "an island in a heaving sea of strikingly impoverished humanity" (Kvinta, 

2009).     . 
 

One hundred thousand villagers now surround 

much of Rathambhore, and with no wood or trees 

for fuel, women enter the park each day and return 

"with freshly-cut branches atop their heads" while 

herders drive their goats into the park each day to 

forage.  In addition, it was discovered in 2004 that 

poachers had "decimated" Rathambhore's tiger 

population and had killed every single tiger in Sa-

riska National park (ibid).  

                       . 

When news of the Sariskan and Rathambhore 

"meltdowns" became public, investigators belated-

ly discovered that a local poaching ring linked to 

international criminal kingpins was responsible. According to Kvinta's article, many of the coun-

try's tigers ended up in Tibet and China, where scores of skins are sold each year. 
 

Finally, 400-plus villages are situated inside India's various tiger reserves so that one recent law 

provides for the villages to be relocated while a second law was passed granting rights to resi-

dents of the parks, thereby triggering a tide of thousands of people flooding into the forests  As 

one observer noted, "There is no coordination. We have a mess on our hands, the scale of which 

is indescribable" (ibid). 
 

Unfortunately, it appears that our species is not yet finished with its remorseless slaughter. To-

day, for instance, in once-impenetrable wilderness areas, logging roads and armies have opened 

access to many of the earth’s last great wild places, and, as Elizabeth Bennett of Britain's WCS 

notes, hunters and weapons soon follow (ibid).  

 

In one case, just one year “after a logging road went into forest areas in Sarawak, Malaysia… not 

a single large mammal remained.” Likewise, India’s famous SARISKA NATIONAL PARK, which 

once served as the home of Project Tiger, “now has no tigers,” while in two national parks in 

Thailand, “elephants, tigers, and wild cattle have been hunted into oblivion” (ibid). 
 

                                                                      

As disconcerting as these numbers are, they describe events that are occurring now (and have 

been occurring) during a period with world populations of between six and seven billion, and 

now, according to the most recent (2011) U.N. world population projections our species is 

headed toward eight and nine billions by 2041, and  toward 10, 11, 12, 13, 14, or 15.8 billion by 

the end of this century.  

P
h

o
to

 co
u

rtesy
 o

f  

J.P
. M

o
sesso

, life.n
b

ii.g
o

v
 



 [To appreciate these mind-boggling numbers, see our addenda image and pdf “How Large is a 

billion?”] [Hint: The answer is 38,461 years.]  And anything even approaching the higher-end 

numbers cited above constitute the biospheric and demographic equivalent of a collision-trajec-

tory with a near-earth-asteroid. 

                                                
 

                                         Ecosystem Services and Functions 
 

Here we need to underscore the fundamental role that biodiversity hotspots must play in any con-

servation strategy. It is equally important, however, that we conserve regions large enough to 

conserve not just species, but also conserve ecosystem services and ecosystem functions.  As 

Peter Kareiva, a senior scientist with the NATURE CONSERVANCY has observed, the biodiversity 

approach is effective at protecting long lists of species, but it fails to maintain important ecosys-

tem services. “Biodiversity hotspots should always be a… major part of conservation planning.  

But we need to supplement our maps of species richness with maps of carbon storage … and so 

forth” (Kareiva, 2005). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With ever-increasing urgency, Earth’s top scientists warn us not to gamble.  With another added 

billion  every twelve to fifteen years, and the arrival of our 7
th

, 8
th

, and 9
th

 billion 2041, the sheer 

avalanche of our numbers and our impacts threatens to overwhelm literally everything that we 

hold dear, including Earth’s entire biosphere and civilization itself. As one biologist (Wilson, 

1998) notes, “To bet on a safe passage is a terrible choice, because the stakes on the table are just 

about everything” and “if you lose the bet down the line, the cost will be ruinous” (emphasis 

added).  

 

 

As an example of an ecosystem 

service that we and most of Earth’s 

other animal life depend upon, 

each day diatoms and other 

photosynthetic organisms in the 

sea produce much of the oxygen 

that we inhale every few seconds 



                                           The World’s Most Dangerous Animal  
                                                 and The Paleolithic, the Neolithic, and Now 
 

In this section, we consider “the world’s most dangerous animal” (Begley, et al., 2007).  The 

dinosaurs have been long-extinct, so they do not qualify as a danger today, so should great white 

sharks, perhaps, be selected for this dubious distinction?   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Or might we nominate a deadly box jellyfish along the coast of Australia, a voracious pack of 

timber wolves, or salt-water crocodiles?  Or should we bestow this unflattering title on venom-

ous creatures such as rattlesnakes, scorpions, and cobras?   
 

To be fair, perhaps we should defend the nominees cited above. Most of these organisms, after 

all, are dangerous solely in the interests of capturing food or for self-defense.  Furthermore, 

organisms such as bees are key pollinators that are indispensable to perpetuating earth’s flower-

ing plants, forests, and many of the crops that sustain humanity itself. 

 
There is, of course, another nominee that the rest of the biosphere might designate as the most 

dangerous species of all.  None of the species mentioned in the previous paragraph, for instance, 

cut down rainforests, melt Earth’s permafrost, or threaten to change the climate of the entire 

planet. Nor do they generate radioactive wastes, pollute the ocean, or build nuclear weapons.  

They do not supplement their biological and metabolic wastes with massive quantities of societal 

and industrial wastes, nor do they kill other animals for sport. 

 

                           And they do not shoot endangered rhinos to be used for dagger 

                                  handles and for headache remedies that don’t work. 

 
In other articles in this collection we have seen that living things can affect their environments 

and even change entire planets. This capacity, however, is a double-edged sword.  Sometimes 

such changes can be beneficial, as seen in the early NASA scenarios for terraforming Venus. On 

the other hand, population explosions routinely exert negative impacts on other species and on 



environmental systems.  Quick examples include dinoflagellate red-tides that can poison sea-

water with brevetoxins or freshwater algal blooms in eutrophic ponds and lakes that can produce 

deadly anoxic conditions that suffocate virtually every aerobic inhabitant of the water body in 

which they live.   .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                                             Vanished in a Geologic Twinkling                                   
 

We generally think of ourselves as considerate and conscientious beings (and we are). We try, 

for example, to provide humanitarian assistance to the sick, to the elderly, and to others who are 

affected by earthquakes, floods, drought, and tsunamis.  We try to educate our children, provide 

for our families, and to celebrate, transmit, and cherish our cultures.  If we examine our current 

role in earth’s biosphere, however, the evidence suggests that the earth’s most dangerous animal 

is probably us. Some of the reasons for this are clear from the paragraphs above, of course, while 

other data (from archaeology, for example) seem to point in the same direction.   
     .  
Recent archaeological and paleontological research suggests, for instance, that when humans col-

onize new continents, islands, or land masses, the first animals to disappear “are the big, the 

slow, and the tasty” so that, as a rule “…wherever people entered a virgin environment, most of 

the megafauna soon vanished” (Wilson, 2003).  Continuing, “archaeologists have found that… 

extinction spasms occur within a period of a few centuries or, at most, millennia following the 

arrival of [human] colonists” (ibid). 
 

Some analysts note that mass extinctions in Australia did not occur until shortly after human be-

ings arrived about 53,000 to 60,000 years ago.  Then, not long after-ward, the ancient megafauna 

abruptly disappeared, apparently disappearing entirely “no later than 40,000 years ago. Not a sin-

gle land-dwelling species larger than a human being survived” (ibid; emphasis added).         …… 
 



Similarly, human colonists appear to have arrived in Madagascar around 700 A.D., followed by 

the establishment of numerous settlements and villages by the eleventh century. During this same 

period, however, “virtually all of the native species of mammals, birds, and reptiles above 10 kg 

(roughly 20 pounds) vanished” (ibid). 
 

 

                                                      Big Brains plus Weapons 
 

In the new world, at least seventy genera of large animals “all vanished in a geologic twinkling 

of about 1000 years… all pretty much gone at once; all pretty much gone at the same time” 

(Martin, 2005; Weisman, 2007).  In the Americas, for instance, beginning about 13,000 years 

ago, nearly forty species of large terrestrial animals were wiped out in a geologically short period 

of time, even though smaller species such as mice and shrews emerged relatively unscathed 

(ibid).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In other words, it was the large, terrestrial “megafauna” that suffered “an enormous, lethal 

wallop.”  Among the victims were giant armadillos and glyptodonts, saber-toothed tigers, the 

wooly mammoth, the imperial mammoth, the Columbian mammoth, the dwarf mammoth, 

mastodons, five sloth species (such as the Shasta ground sloth), an American cheetah, three 

genera of American horses, several North American varieties of camels and tapirs, and an 

American lion (ibid). 
 

In other places, the pattern was much the same. Whether we examine the disappearance of 

megafauna in Australia, Madagascar, or the Americas, a similar progression plays itself out.  As 

E. O. Wilson writes, the first Polynesians came ashore in New Zealand in the late thirteenth cen-

tury, and “by the middle of the fourteenth century, a matter of a few decades, the moas were 

gone” (2003).  
 



It is not the case, of course, that every human in a population participates in a hunt or extinction 

process in any direct way.  On a bell-curve of our species, however, it appears that some propor-

tion of our overall population can always be counted on to pursue short-sighted policies of ava-

rice, environmental destruction, or of unthinking eradication. As a result, in Neolithic times, hu-

manity’s weapons and big brains seem to have allowed a “killer instinct that never relents” to 

express itself more and more efficiently, so that the megafauna that our forebears encountered 

were all exterminated “simply because it could be done” (Martin, 2005; Weisman, 2007; Ardrey, 

1969, 1961).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                           Gorillas  - a Slaughter in the Jungle 
 

As this is written, surviving mountain gorillas amount to approximately 720 individuals and 

seven of these have just been killed in “possibly the worst …slaughter in 25 years” (Klaidman, 

2007).  In their article “Slaughter in the Jungle,” Begley et al. (2007) report that “park rangers 

don’t know who killed the four gorillas found shot to death in Virunga [Africa’s oldest national 

park], but it was the seventh killing of the critically endangered primates in two months.   
 

Authorities doubt the killers were poachers, since the gorillas’ bodies were left behind and an 

infant…was found clinging to its dead mother in one of the earlier murders.” Because of the 

senseless and brutal nature of the crime, “experts are concerned that the most dangerous animal 

in the world [has] found yet another excuse to slaughter the creatures with whom we share the 

planet” (ibid).   
 

In the Virunga National Park, rangers risk their lives trying to protect the surviving gorillas. Yet 

they have not received pay from their own countries for years.  Instead, donations by conserva-

tion groups and private citizens in Europe have so far ensured that the rangers can continue their 

work. According to Klaidman (2007), journalists who covered the deaths of the slaughtered 

gorillas were struck by two things: “One was how human the great animals seemed in death; a 
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600-pound male silverback lay with one hand across his chest, as if he had just been beating it.  

The other was the tenderness with which the rangers treated the bodies.” One of the dead female 

gorillas was Mburanumwe.  “One ranger grabbed her hand and held it for a long time, his head 

bowed in grief” (Johnson, 2007).     .   
 

Among the suspects in the gorilla slaughter are members of “a corrupt mafia of charcoal mer-

chants” which has recently begun felling trees in Virunga’s forests “to fuel a $30 million-a-year 

industry.”  In one instance, when village residents gathered to hear a park ranger discuss the 

threats posed by the charcoal industry, the ranger was accosted by “men in military uniforms… 

[who] flogged him in front of the audience.”  When the ranger later posted a blog accusing the 

charcoal merchants of contributing to the destruction of the gorillas’ habitat, a female gorilla 

under his care was found murdered two days later by unknown gunmen. Only months later, re-

ports arrived that rangers were forced to leave Virunga with the arrival of an invading rebel ar-

my. To protect wild places and wildlife today, particularly in lawless regions and failed states, 

is a dangerous profession.  
 
 

                                             Militias and Killing Fields 
 

Other wildlife is also being decimated.  For exam-

ple, with a lot of protection and effort, a small pop-

ulation of northern white rhinos in Garamba Na-

tional Park slowly grew “from thirteen in 1983” to 

thirty-two in 2003.”  Late in 2003, however, “ Jan-

jaweed militias armed with AK-47s began arriv-

ing” and as of 2007, there were only “two rhinos 

left in Garamba, a death sentence for that popula-

tion” (ibid; emphasis added).  Meanwhile, lawless 

extremists in Congo killed two baby gorillas whose 

stuffed bodies can bring enough money “for a nice 

haul of assault rifles” (ibid). 

 

As another example, Chad’s Zakouma National Park is the last refuge of the country’s once-thri-

ving elephant population. In a May, 2008 attack, Janjaweed marauders galloped into the park and 

killed three park rangers in pursuit of $1.3 million dollars of confiscated ivory stored at the park’s 

headquarters (after Begley, et al., 2008). The attackers were part of the same Janjaweed militias 

that are responsible for the genocidal attacks on their fellow human beings in Darfur. Now, at-

tracted by “easy money, the militia has expanded the killing fields to endangered species.  In the 

past two years,” Begley reports, they have butchered “hundreds of elephants around Zakouma, 

carrying the tusks back to Sudan where they are secreted onto ships bound mostly for Asia – or 

traded for weapons” (ibid).  
                                         
Individual wildlife poaching and trafficking appear to have been replaced by large, $10-to-$20 

billion dollar-a-year crime syndicates, fueled by rising poverty, lawlessness, unemployment, and 

chaos that have grown out of runaway population growth.  Begley cites fifteen shipments of 

contraband ivory (approximately forty tons) that were shipped to a single businessman in Taiwan 

– requiring the tusks of 4,000 killed elephants.  DNA analysis showed that all the ivory in one of 

the shipments from Cameroon “came from elephants in eastern Gabon and the neighboring Con-



go,” as though contractors had received a “purchase order for a specific quantity of ivory” 

(Begley, et al., 2008).*   
                                   
                 *  How is any of this going to improve if we continue to 10, 11, 12, 13, 14, or 15.8  billion by 2100? 

 

The slaughter of earth’s wildlife cannot be blamed solely on poachers, however, because the 

trade also depends on buyers, including internet sales. Asia, China, the Middle East, and the 

United States are the largest markets for contraband such as ivory, tiger parts, shark fins, exotic 

birds, rhino horn (up to $25,000 per pound), and reptiles.                                . 
 

 

 

    The Paleolithic, the Neolithic, and Now 
 

These accounts and others like them describe condi-

tions as they exist now, as world population surpasses 

seven billion people, about half of whom earn less than 

two or three dollars a day.  And this same slaughter 

and illegal trade in endangered species that occurs to-

day seems poised to increase further as human num-

bers grow.  
 

Thus, on a bell-curve of our species, it appears that 

today, as always, some portion of humanity continues 

to participate directly in the destruction of wilderness 

and wildlife with an instinctive and selfish abandon. 

And today this is made worse because our weapons, 

access, and technologies have greatly amplified our 

effectiveness, so that we might now view ourselves, 

perhaps, as, in Jeffrey Sachs memorable phrase,  “hun-

ter-gatherers with machine guns.”   

 

And unfortunately, although the impacts of the rest of 

us are mostly unintentional and indirect, we also con-

tribute to the holocaust.  Our simple needs for wood, 

paper, and use of palm oil in soaps, shampoos, cosmet-

ics, and cookies, for example, prompt replacement of 

rainforest with palm oil plantations and logging roads 

and concessions that eradicate more and more forest 

and decimate wildlife. 
  

Thus, multitudinous evidence from around the world suggests that some portion of our species 

can always be counted upon to indiscriminately slaughter every animal that we encounter that is 

larger than ten or twenty pounds. Worse still, this appears to be a habitual trait that we have ex-

hibited throughout the history of our species -  
 

                                                                             for we did it in the Paleolithic, we did it in 

                                                                                the Neolithic, and we are doing it now. 

 



                                            A Sampling of Biodiversity Hotspots 
 

Five of the "hottest" biodiversity hotspots include the Atlantic forest of Brazil, the islands of the 

Caribbean, the tropical Andes, the island of Madagascar, and a swath of islands that includes 

Indonesia and Borneo.  Madagascar, for example, which is about twice as large as Arizona, is 

located off the southeast coast of Africa, and is home to varieties of plants and animals that occur 

nowhere else on earth.  About 85% of its biota are unique, including 55 species and subspecies 

of lemurs – as well as 310 unique genera of plants, fourteen unique genera of primates, and 

thirty-five unique genera of birds (ibid).                         . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Madagascar's eastern mountains were once cloaked with vast mountain forests and dense rain-

forests, while other areas feature arid conditions, grasslands, and deciduous forests.  In the isl-

and's far south, there exists "an extraordinary desert-adapted flora in which as many as 98% of 

the species are unique" (Tattersall, 1993).    
 

But this portrait of a more pristine Madagascar is out of date. The island's once continuous tract 

of forest along its humid eastern escarpment has been largely denuded by slash-and-burn agricul-

ture, commercial logging, and cutting of the trees for fuel (ibid).  And further deforestation and 

degradation threaten the patches that remain. As Tattersall points out, Madagascar, despite its 

government's genuine concern, cannot afford to police its remaining reserves adequately, or in 

some cases, at all, and its "lemur populations continue to dwindle." 
 
 

And what are the near-term prospects for Madagascar, its people, its biota, and its natural sys-

tems?  With an estimated population growth rate of 2.9% per year, the island's population has a 

doubling time of 25 years (C.I.A., 2004). Its birth rates today (38 births/1000) greatly exceed its 

death rates of 9/1000, the average woman bears five children during her lifetime, and, contem-

plating jobs and impacts, 44% of its population is less than 15 years old (after PRB, 2009).           
 

In 2003, the per capita GDP was just $800, or a little over two dollars per person per day. Given 

the decimation of its ecosystems during recent decades, even if Madagascar’s population did not 

grow at all, the future would seem bleak under currently existing conditions. But its population is 



growing, and it is doing so at one of the fastest rates in the world. Given the challenges facing 

Madagascar's people, its ecosystems, and its biota today, what devastation and deterioration must 

lie ahead as the world’s demographic tidal wave continues unabated? 

 

Madagascar is thus a microcosm of the difficulties faced by other poor countries around the 

world.  In Madagascar we see a country that must allocate most of its limited monies to provide 

education and similar government services to its citizens – leaving little extra for the protection 

of its environment and endangered biota. The reality, then, is this:  If Madagascar's plants, ani-

mals, and natural systems are to be saved, the rich nations of the world, for the time being, are 

going to have to lead the efforts and shoulder a lion's share of the costs.         . 

 

 
                                                      Human Impacts 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 As humanity collides with earth's limits and the rest of earth’s organisms that live here with us, 

other species are increasingly being driven to extinction. When human populations, armed with 

bulldozers, chainsaws, mechanized fishing fleets, hydroelectric dams, investment portfolios, and 

technology compete with wilderness and wildlife, Earth's wilderness and wildlife stand no 

chance  for as humanity’s numbers grow, we convert wilderness into farms and farmlands into 

cities.                                        
 

The fact is, humans today impact our planet far more than at any time in history.  For example, 

“at no time in at least the past ten million years has the atmospheric content of CO2 exceeded the 

present value of 380 ppmv” (Kennedy and Hanson, 2006).  In addition, in just five years, the 

glaciers radiating from Greenland’s three-kilometer-thick ice sheet doubled the rate of their ad-

vance to the sea.  And their rates of mass loss also doubled between 1996 and 2005 (Kerr, 2006; 

see also UN-Sigma Xi, 2007). 
 



Thus, humanity’s impacts today are “…substantial and growing.  Between one-third and one-half 

of [Earth’s] land surface has been transformed by human action; the carbon dioxide concentra-

tion has increased by nearly thirty percent...; more than half of all accessible surface freshwater 

is put to use by humanity; and about one-quarter of all the bird species on Earth have been driven 

to extinction" (Vitousek, et al., 1997). 

 

When our population was six billion we used or consumed 60% of Earth’s accessible freshwater 

and exerted unprecedented impacts on world fisheries, while competition for water continues to 

become a potential source of conflict between nations (Homer-Dixon et al., 1993; Pimm, 2001). 

 
                                                Sobering Assessments 
 

Recent sobering assessments include book-length surveys with titles like Requiem for Nature by 

John Terborgh (1999), while others write of empty oceans (Ellis, 2003) or the silent forest syn-

drome (Wilson, 2002).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At a conference entitled Defying Nature’s End, conservation NGOs (non-governmental organi-

zations) convened an assemblage of top conservationists and biologists. The concerns implied by 

these examples should not be dismissed as alarmism: “I earnestly wish that accusation [of alarm-

ism] were true,” writes Harvard’s E.O. Wilson. “Unfortunately, it is the reality-grounded opinion 

of the overwhelming majority of statured scientists who study the environment. By statured 

scientists I mean those who collect and analyze the data, build the theoretical models, interpret 

the results, and publish articles vetted for professional journals by other experts, often including 

their rivals” (Wilson, 1998).  
 

Construction of roads into roadless areas allows access to entire regions that were once wilder-

ness.  After this first fatal step, settlers clear the forests, construct dams, and convert wilderness 

into cities, suburbs, farms, and pastures. As a result, perhaps the foremost challenge facing na-

ture and natural systems today is the continuing destruction, fragmentation, and degradation of 

the natural habitats that still remain. 
 

For example, "some ten million hectares of new land, cleared largely from forests, is needed 

each year.." to support a growing world population at current levels of nutritional and agricul- 



 

tural yields" (Noble and Dirzo, 1997).  Others write that "the situation looks set to become ra-

pidly worse" and observe that "what we do (or do not do) within the next few decades will deter-

mine the long-term future of the biosphere" (Myers, et al., 2000).  If our species is exerting such 

sobering and unprecedented impacts now, what will be our impacts as we continue adding a 

billion additional people every 12 to 15 years and find ourselves joined by billions numbers 

eight and nine between now and 2041 – or climb to 10, 11, 12, 13, 14, or 15.8 billion by 

century’s end? 

 

                     . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
By 2000, approximately half of earth’s tropical humid forests were gone and we clear another 

“one million square kilometers every five to ten years.”  In addition, burning and logging “se-

verely damages” several times the area that is cleared (Pimm and Raven, 2000).  E. O. Wilson 

writes that our planet “is in a precarious state already,” and warns that “humanity is in a final 

struggle with the rest of life” (Wilson, 1998; 2002).  

 
Why are these things happening now, in the last half century of human history?   The reason 

these things are happening now is because there are so many of us, and collectively, we are 

overexploiting resources to a degree that is completely unprecedented in the history of our 

species.  What can we expect to happen as we avalanche toward, as the U.N. has recently 

projected, ten to 15.8 billion in the decades between now and 2100? 

 
Myers and his colleagues (2000) summarize the prospects this way:  "were the present mass 

extinction of species to proceed virtually unchecked, between one-third and two-thirds of all 

species would be likely to disappear within the foreseeable future" and such an extinction, if 

allowed to persist "...would constitute a problem with far more enduring impact than any other 

environmental problem."        



                                                Ecological Damage Trails 
                                     
One way to measure our individual and collective impacts and objectively quantify the average 

environmental demands that we make is to estimate a nation’s (or an average person’s) Ecologi-

cal footprint (e.g., GFN 2011; Wackernagel and Rees, 1996).   

 

Imagine, for example, “the average amount of 

productive land and shallow sea appropriated 

by each person in bits and pieces from around 

the world for food, water, housing, energy, 

transportation, commerce, and waste absorp-

tion” (Wilson, 2002).  

 

 In a poor or developing nation, this footprint is 

about one hectare (about 2.5 acres) per person.  

Worldwide, “the footprint for the total human 

population is 2.1 hectares (5.2 acres).”  In the 

United States, on the other hand, our footprint 

is about 9.6 hectares or 24 acres per person 

(ibid).  As Wilson notes, “for every person in 

the world to reach present U.S. levels of con-

sumption with existing technology would re-

quire four more planet earths” (ibid).  

 
It is worth noting that while the concept of an "ecological foot-

print" is both innovative and powerful,  it has recently been 

suggested (by K. Thomas, 2010) that the term itself is "too 

benign," and that a more accurate descriptor such as an "eco-

logical damage trail" might more accurately portray the ex-

tensive degree of our daily individual and collective impacts.  

 
 
                                    Disturbance, Succession, and Recovery 
 

Wildlife and natural systems require inviolate refugia that humans and predators cannot access. 

They also need undeveloped adjacent or nearby areas to supply the new individuals needed to 

colonize sites that are disturbed, or to replenish populations that are harmed by the vagaries of 

chance. There must also be wild "corridors" that allow colonists and replenishment individuals to 

travel from one protected habitat to another. 
 

Ecosystems can recover from damage by a process called succession, in which colonists and 

pioneers from nearby undisturbed areas arrive at a damaged site and begin the process of recov-

ery by establishing themselves on the disturbed site.  These early colonists are then followed 

over the course of months or years by other, slower-growing or slower-dispersing species. Over 

the course of several decades or centuries, such processes constitute a  mechanism by which an 

ecosystem may potentially heal the wounds of a hurricane, a bulldozer, or a fire.     
 



But the process of recovery requires nearby undisturbed natural areas as its source of colonists. 

Without nearby source populations to provide replenishment, a system's natural recovery and 

successional processes are impeded or destroyed.  Thus, in the decades ahead, as we render 

earth's classical successional processes more and more inoperative, such natural healing pro-

cesses either will not occur – with all the implications that entails -- or the processes that once 

took place naturally will only occur with the assistance of human intervention and expenditures. 

Today's bioremediation projects and restoration ecology fall short of the natural processes, but 

we are disrupting the natural mechanisms that once managed these things for us for free. 

 
 

                                                            

 

 

 

 

 

 

 

 

 

 

 

 

 

         Biogeography 
 

A formal geography curriculum 

with a pronounced biogeograph-

ic component should be returned 

to its once-prominent position in 

school curricula.   

 

 

 
 

 

How can we save the tiger populations of India, Bangladesh and Southeast Asia, for example, if 

citizens, scholars, and policymakers do not know: (a) The places where they live, the amount of 

remaining habitat, their biological characteristics, and the status of the endangered populations, 

and (b) The demographic, economic, cultural, political, and employment attributes of the places 

in which they live?  Too often today, geography courses have been abandoned, and they should 

be forthwith restored to curricula with prominent treatment of biogeography. 

 
In today’s geography courses, however, units must address biodiversity hotspots and the minimum critical size of ecosystems, 

along with the locations of (and critical services provided by) tropical rainforests, montane biomes, riverine systems, and grass-

lands, and so forth.  This new fusion of geography and biogeography might juxtapose demographics and ecological footprints, 

past, present, and future: birth rates and death rates; literacy rates; employment (or lack thereof); population pyramids; biotic re-

sources; fertility rates; urbanization, densities, and megacities; along with environmental impacts, projected environmental and 

biotic trends; major national parks and nature reserves (nominal or actual).   



Finally, traditional maps, globes, and posters might be presented as comparative triplets: Rain-

forests, desert biomes, grasslands, polar ice, and ecological footprints in their original and his-

toric extent, along with the same globes and maps with erasures and excisions to portray the 

present; as well as a third iteration with further excisions and erasures depicting alternate future 

conditions suggested by projections, computer models, and current trends, supported by NASA 

photographs of smoke rising from a burning Amazon, the drying of the Aral Sea, shrinking polar 

ice, and changes in the ozone hole above Antarctica that visually underscore the planet-wide 

changes, wastes, impacts, and eradications that humankind is currently inflicting upon  

 

                                                                  the only biospheric life-support machinery so far  

                                                                         known to exist anywhere in the universe. 

   

 

                                A Conservation Roadmap 
 

There was a time when the interstate highway system of the United States existed only as an am-

bitious plan requiring implementation over several decades. To its credit, the Eisenhower admin-

itration both initiated and funded the inter-

state highways that today are such key 

components of our national infrastructure.  
 

 Today, conserving earth’s ecosystems 

and biodiversity hotspots must be plan-

ned and implemented in a similar way. 

We will see that costs exist, of course – 

but that they are both affordable and 

manageable – something like car or home 

loan payments might be to an individual 

or a family, or the cost of sponsoring an 

Olympic games might be to a city or a 

nation.  
                  . 

The costs we will encounter are also tiny 

when compared with the importance of 

the ecological infrastructure that supports 

life on earth -- and with reasonably mod-

est funding over the next thirty years, such 

costs are also relatively painless in the 

context of the world economy.  These 

costs, furthermore, must not be thought of 

as luxuries, but as necessary hospital costs 

to treat a deteriorating and potentially 

catastrophic condition. 
 

Over the past two decades, a conservation “roadmap” has emerged from the studies, policy, and 

planning activities of top scientists and conservation NGOs (non-governmental organizations) 



such as Conservation International, the Nature Conservancy, and the World Wildlife Fund) 

which outline steps toward immediate and emergency protection of biodiversity hotspots. 

 

 

                            Immediate Acquisition of Biodiversity Hotspots 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To conserve ecosystem functions and services, and to reduce or minimize the number of extinct-

ions that occur in the years ahead, multiple processes require attention.  Many human activities, 

for example, currently contribute to extinctions.  Among these are: (a) Rapid human population 

growth;  (b) A continuing loss of habitat due to eradication, degradation; and fragmentation; (c) 

Severe overexploitation of biotic stocks such as forests and fisheries; (d) Wildlife populations 

that are forced to compete with humans and non-native (exotic) species; (e) Climate change and 

global warming, and (f) Pollution. (Jenkins, 2003; Myers, et al., 2000; Pimm, 2001; Lovejoy, 

1986; U.N.-Sigma Xi, 2007). 
 

1.  As a first step, there must be immediate acquisition and strict protection of earth’s biodiver-

sity hotspots. The terrestrial “hotspots” currently identified comprise just 1.4% of earth’s land 

surface, yet are exclusive home to 44% of all earth’s plant species and more than a third of all 

species of birds, mammals, reptiles, and amphibians. As E. O. Wilson notes (2002), “the tropical 

wilderness areas and the hottest of the hotspots…which together contain perhaps 70% of earth’s 

plant and animal species can be saved by a single investment of roughly $30 billion.”   To put 

this in perspective, recall the emergency funding of more than $700 billion that the United States 

allocated in 2008 to bail-out banks, Wall Street firms, and financial entities, with additional such 

allocations in 2009.    .  
 

Similarly, keep in mind that a single nation, Greece, is estimated to have spent $12 billion for the 

2004 Olympics held in Athens, Beijing spent $10 billion or more to host the games in 2008, and 



London may spend $17 billion on the 2012 Olympics (Maidment, 2005).  If one nation, the 

United States, can afford to make financial outlays of a trillion dollars or more over the course of 

eighteen months to save its financial sector, and three nations, in less than a decade, can make 

total financial outlays that permit the modern Olympic games to both survive and prosper, then 

world leaders ought to be able to make the required expenditures to preserve the functioning of 

earth's natural systems and the fabric of life on earth. 
        

In 2000, Conservation International showed how much can be accomplished with modest ex-

pense (and also quickly) when they outbid a logging company and purchased 200,000 acres of 

tropical rainforest as a conservation concession in Guyana for an initial fee of $20,000 and fif-

teen cents per acre per year (Wilson, 2002).  
 

Such conservation set-asides and inviolate 

reserves necessitate immediate “emergency 

room” expenditures, because, as Wilson 

reminds us, “the windows of opportunity are 

closing fast.”   

 

The heroic efforts of today’s NGOs serve as 

an example of what can be done and is being 

done already. Private organizations, however, 

cannot shoulder all the necessary costs alone. 

By all rights, these costs should be shared by 

all the nations of the world, perhaps with the 

“average ecological footprint” of each nation 

as a proportional consideration. 
 

2.  As a second step, ambitious development 

projects that penetrate or cross biodiversity 

hotspots and remaining wilderness regions 

should be redirected or abandoned. A recent 

Brazilian development project, for example, 

would add 6,245 km of highways through the 

Amazon rainforest (ibid) - a recipe for further 

human intrusion and deforestation.   
 

As an alternate policy, Brazil might use these investments to strengthen existing settled regions 

before roads are paved deeper into the forest" (ibid). Thus, as a second feature of a conservation 

roadmap, we might “keep existing frontier forests intact and cease logging of old-growth forests 

everywhere”(Wilson, 2002). 
                                                     Finally, a conservation roadmap requires attention to the minimum critical size 

                                                                        of ecosystems, minimum viable populations, captive breeding, zoos, botanical                  

                                                                               gardens, and the restoration of disturbed, fragmented, or damaged areas. 

 
                                           Minimum Critical Size of Ecosystems 
 

How large must parks and wilderness areas be in order to continue to function and to retain their 

capacities for self-perpetuation and self-repair? In a classic study of island biogeography, E. O. 

Wilson and Robert MacArthur demonstrated that large oceanic islands support more species than 



smaller ones (1967).  In all biomes and habitats, including logging concessions and the world's 

seas and oceans, inviolate reserves and set-asides are going to be increasingly necessary.   
 

Such principles of island biogeography are 

important aspects of conservation biology 

because the world's nature reserves and 

parks have largely become "islands" in a 

sea of humanity. And the bad news is that 

too many of our parks and reserves are, 

speaking biologically, too small.  As 

Michael Soule noted (1985), "the species 

extinction rate is generally higher in small 

sites" and even the largest nature reserves 

and national parks "…are usually too small 

to contain viable populations of large car-

nivores." 
 

Thomas Lovejoy and his colleagues de-

signed an early project to help quantify 

"the minimum critical size of ecosystems." 

In their study, the team tracked species 

diversity and environmental conditions in 

a set of rainforest "islands" left as rem-

nants in an area where virgin Amazon 

forest had been clearcut and removed 

(Lovejoy, 1986). 

 

 This long-running project showed, among other things, that fragments smaller than one km
2
 lose 

50% of their bird species in less than 15 years, and that to slow the rate of species loss ten-fold, a 

fragment must be 1000 times larger (Ferraz, et al., 2003).    

                         . 

The point is this:  It is not enough to preserve a park of three acres or to establish a dozen or one 

hundred such parks.  To conserve endangered species and functioning systems, reserves must be 

large enough to be self-perpetuating and self-sustaining. In addition, reserves should be buffered 

by low intensity woodlands, forests, and national parks.  In Central America, Costa Rica is fam-

ous for its multiple megareserves with their undisturbed and protected core areas.  No econom-

ic activity is allowed in these core areas, which are then protected and buffered by adjacent re-

gions that permit limited nondestructive activities. 

 
                                             Emergency Room Conservation 
 

Affordable conservation  measures that can be accomplished quickly have been suggested by 

Norman Myers, et al. (2000): "We could go far towards safeguarding the hotspots and thus a 

large proportion of all species at risk for an average of twenty million dollars per hotspot per 

year... or $500 million annually." Such "emergency room" conservation is needed quickly, be-

cause the windows of opportunity are closing rapidly.  

 



The U.S. interstate highway system, when planned, required significant efforts and financial 

commitments to implement. In retrospect, of course, we cannot envision our nation without them 

and the foresight and wisdom of its advocates are apparent to us all.  Now we see that planning 

and implementing a comprehensive global conservation strategy should be as affordable and 

manageable as sponsoring an Olympic games might be for a city or a nation. 
                                             . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Today the world faces an emergency requirement to conserve and protect the species and sys-

tems that maintain its ecosystems, climate, life, and equilibrium. The task will require signifi-

cant, but affordable, efforts and expenditures, and its initial steps need to be taken immediately, 

because, as Wilson (2002) points out, “the windows of opportunity are closing fast,” and goes on 

to note that anyone can see, of course, that the required efforts are somewhat difficult and some-

what costly.    On the other hand, “… so are cardiac surgery and building space vehicles…,  

                               but competent people get on with them because they need to be done.”  
          

         (ibid; emphasis added) 
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