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When Humans and
Nature Collide

Imagine Exponentia, a booming city of the early twenty-first century. A hundred
years ago, Exponentia was a town of barely 5,000 residents; today, it has more

than 100,000, with most of that growth taking place in just the last half-century.- -

A large proportion of the city’s residenis have high-tech jobs, and many of them
appreciate the easy access that the city has historically had to beautiful natural
areas. As a result of its recent growth, however, the town-become-city now ex-
tends well out into the neighboring farmlands, rangelands, and mountains and
has become part of a larger metropolitan complex (see Figure 3-1). Exponentia is
fictional, but cities like it can be found across North America; as you read the next
few paragraphs, imagine your local version of Exponentia and fill in the rele-
vant details. : ‘

Planners are familiar with many of the human challenges that accompany

rapid growth, such as the need to fund additional roads, schools, public safety
services, and water and sewer infrastructure. But how does urban growth affect
native species and habitats? The most obvious effect of the city’s expansion is the
loss of native habitat. This is a zero-sum game with three players: natural habi-
tats, agricultural lands, and urban land uses. As one land use expands—typically,
human-inhabited areas—one or both of the others contract. Granted, these are
not completely mutually exclusive categories; for example, lightly used range-
lands and sparsely inhabited regions can serve as good habitat for some native
species. But, by and large, every acre of the landscape can be assigned to one or
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nother of the categories, and the unmistakable trend—and one that shows no
gn of changing—is that native habitat has been shrinking over time.

As the four diagrams of Exponentia shown in Figure 3-1 illustrate, human
evelopment is not likely to occur in all areas equally. Development proceeds rap-
idly on relatively flat sites with well-drained soils, since these make good build-
ing sites. Development is slower to reach remote, steep, or poorly drained lands,
though homes may appear on hillsides and along ridgetops if local ordinances
allow. So, in this hypothetical example, while only about half of the total area has
‘been developed in the past fifty years, most of the flat lowlands have been lost,
}/vhile_the hillsides remain relatively untouched.

‘Consequences of Human Settlement

As human settlements spread and our activities expand, we affect native biodi-
versity in many ways. Urban and agricultural land uses destroy and fragment
‘native habitats; our homes, machines, and industries pollute, degrade, and alter
‘the land, air, and water; we harvest (and often overharvest). native species from
their habitats; and we accidentally or intentionally introduce non-native species.
For example, since European settlement of North America, nearly all of the con-
tinent’s tallgrass prairie has been converted to agriculture. Most of the states and
provinces originally containing tallgrass prairie have lost 98 percent or more of
_their prairie area.! Human impacts affect different regions in different ways, but
the cumulative effect—multiplied across landscapes and regions—is to change
_the Earth in profound ways that are virtually irreversible on human time scales.
The remainder of this chapter explores thesé impacts, laying out the major eco-

logical challenges that this book will help readers address.

Habitat Destruction: Taking up Space
Habitat destruction occurs when native habitats are replaced by human land
uses, such as housing, commercial developments, and farmland. When this hap-
pens, resident plants and animals perish. Any animals that do survive the con-
version may seek refuge in adjacent areas, if suitable habitat exists, but these
refugees may be unable to find adequate food, shelter, or territory if the habitat
is already occupied and may perish as well. But not'all examples of habitat de-
struction are alike in their consequences. The short-term ecological effect of habi~
tat destruction depends greatly on its thoroughness, while the long-term im-
pact depends also on the permanence of the changes. -

The thoroughness of habitat destruction can be thought of as a continuum.
At one end of the spectrum are places like lower Manhattan or large-scale mono-
"culture farms, where native habitats have been completely obliterated. Small ves-
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HUMANS, NATURE, AND INTERACTIONS

tiges of open space may remain, but they are probably nothing like the native
habitats of the area. At the other end of the spectrum are human land uses that
retain large areas in their natural condition—for example, a campground situ-
ated within a native forest or a lightly cut woodlot. In the middle are suburbs,
parks, golf courses, college campuses, and low-intensity agricultural areas such
as pastures. The thoroughness of habitat destruction in these areas varies greatly
depending not just on the number of buildings constructed or the amount of
pavement laid but also on the amount and quality of native vegetation retained.
Measures commonly used in planning and development such as “percent green
space” are poor indicators of habitat retention because they fail to differentiate
intact native habitats from turfgrass and other manicured vegetation, which are
often a biological wasteland for native species.

The permanence of human land use changes depends both on the nature of
the changes and on the ability of the ecosystem to recover from them. In some

cases, the native habitats can regenerate naturally and relatively easily follow- .

ing human land use changes. For example, much of the northeastern United
States is heavily forested today, even though most of this region was actively
farmed 100 or 150 years ago. Dirt roads, croplands, pastures, wooden houses, and
even old railroad beds can all be reclaimed by nature within decades, as can be
seen throughout the forests of New England (see Figure 3-2). These regener-
ated forests are not exact replicas of the presettlement forests, but their basic
structure and function are intact, as are most of their dominant plant species.
In other cases, humans have changed the land and its ecology so greatly that
restoring it to its original condition may be virtually impossible. In metropoli-

 tan areas, where we have paved muich of the landscape, the likelihood that large-

scale regeneration will occur within several generations is becoming more and
more remote. Farming can also alter the land on a near-permanent basis. In many
arid regions of western North America, intensive irrigation with groundwater
has led to soils becoming overly saline from the small amounts of salt that are
naturally found in groundwater. A 1996 report from the U.S. Natural Resources
Conservation Service found that at least 48 million acres (19 million ha) of crop-
land and pasture are currently affected by salinization, an area equivalent in size
to the state of Nebraska. The report notes that “reclaiming saline soils economi-
cally is difficult, if not impossible. Salinized soil is lost to agricultural production,
at least in the near term.”? ' '

We are certainly not suggesting that humans stop paving or irrigating alto-
gether but, rather, that planners and designers strive to limit activities and
changes that alter the land in severe and long-lasting ways. As the examples
above illustrate, land use changes that significantly alter an ecosystem’s physi-
cal substrate—soil—tend to be less reversible (or take longer to reverse) than
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When Humans and Nature Collide

rmal ecosystem functioning, as are the wastes of other large animals. But when
aggregate into cities and concentrate large volumes of waste, or when we cre-
te-and apply novel chemical pesticides or spread huge amounts of fertilizer on
1 crops and lawns—then we cause problems.

The effects of pollution on biodiversity are sometimes readily apparent. For
gample, Lake Erie and Boston Harbor both experienced radical ecosystem
anges and the loss of native species because of pollution from sewage and in-
tistrial waste, although both have subsequently recovered significantly after the
ollutant sources were addressed. But pollution also affects ecosystems in more
btle ways, including by: )

¢ altering the chemical balance of ecosystems in ways that favor invasive ex-
otic species or affect the competitive balance between native species

o weakening organisms so that they are more susceptible to natural threats

e climinating certain pollution-sensitive species, often leading to cascading ef-

fects on other species

reducing the structural diversity (i.e., the number of suitable subhabitats)

within ecosystems.”

Overharvesting of Natural Populations: Being Gluttons at
Nature’s Table

Much of nature’s economy is based on the “harvesting” of one species by
another. Except for plants, which harvest their own energy from sunlight, most
of the species on Earth get their energy by feeding either on living organisms (as
herbivores and carnivores do) or on dead organisms or biological waste prod-
ucts (as decofnposers and detritivores, such as bacteria, fungi, and some insects,
do). In fact, much of evolution consists of adaptations by species to become ei-
ther more efficient in their harvesting of other species or better at escaping being
harvested. ’

When a few thousand humans fish in a river the size of the Columbia or
search for nuts and berries in a forest the size of Delaware, we function like one
of several large-bodied, effective predators and herbivores in the ecosystem.
However, when we employ advanced technology, even the nineteenth century’s

something quite different: we can cause the extinction of what was possibly the
most numerous bird species ever to live on the planet, the passenger pigeon
(Ectopistes migratorius). With today’s technology—fishing boats equipped with
sonar, global positioning systems, and highly effective nets; or chainsaws and log-
ging trucks—we can come close to wiping out species in any ocean or forest.

relatively simple technology of trains, telegraphs, nets, and traps, we become
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HUMANS, NATURE, AND INTERACTIONS

change action plans that include such steps as making buildings more energy
efficient, encouraging modes of transportation that are less reliant on fossil fuels,
and even planting trees to remove CO, from the atmosphere. Another way of re-
ducing greenhouse gas emissions—high taxes on gasoline—has proven very ef-
fective in Europe, where the average fuel efficiency of vehicles is much higher

than in North America.16

Powerful Effects of Local Human Activity

As we will discuss in Chapter 4, natural habitats are in a constant state of flux:
new plant material grows and soils are formed until a disturbance such as a large
fire or storm comes along to destroy much of the living and dead plant matter
(biomass) or to wash away soils. Over time, however, the total plant biomass in
most regions remains roughly constant, and the same can be said for the total

amount of soil. In contrast, humans in many areas create a constant, ongoing loss -

of plant matter from the ecosystem by cutting forests and keeping them from re-
growing or by using natural landscapes as pastureland, allowing cattle, goats, and
sheep to graze in a way that prevents the plant cover from regenerating. The loss
of forest, shrub, or prairie cover from an area is in itself not unnatural, as all re-
gions experience some type of disturbance or another. What is unnatural—and
so difficult for nature to recover from—is the unending pressure that humans
sometimes apply. As a survey of some of the earliest sites of agriculture and civi-
lization reveals, such pressures can have effects that last for millennia.
In the 1920s and 1930s, spurred by the catastrophic soil erosion of the Dust
Bowl era, Walter Clay Lowdermilk of the U.S. Soil Conservation Service con-
ducted field studies of several cradles of civilization to see how early farmers had
managed their soils.”” He discovered that a number of the areas that are today
deserts, such as portions of Israel, Egypt, Lebanon, Iraq, and China, suffered from
severe soil erosion after several centuries of agriculture and animal husbandry.
He found a few places in each of these currently desert regions that had been pro-
tected from overfarming and overgrazing, such as the sites of ancient temples
and monasteries. These sites held soils that were still able to support native vege-
tation much as it was thousands of years ago. v
In China, Lowdermilk found that deforestation along the upper reaches of
the Yellow River had led to a massive accumulation of silt in the river’s course
and a concomitant rise in the river’s level. This rise required the building of huge
dikes to keep the river within its banks, but in 1852, the river burst through its
restraints and killed millions who lived within its floodplains, all as a result of ex-
cess forest cutting upstream. Elsewhere in his travels, Lowdermilk discovered re-
gions where soils on steep slopes had been carefully conserved for centuries or

When Humans and Nature Collide

__in some cases, by farmers annually carrying baskets of soil on their
rom the lower portions of hillside fields to the upper, more erosion prone
. Similar patterns have held in recent years; deforestation and other land
nges in upstream areas have increased the severity of ﬂOOdlI"lg down-
. as occurred along the Mississippi River in 1993 and in the Nicaraguan
ds during Hurricane Mitch in 1998.18
haps more remarkably, human land use patterns can change local and re-
limate over short time scales, sometimes in profound ways that affect the
ty of native ecosystems and local economies. Many of these ef.fe.cts are
d to agriculture, which can change temperature and moisture c.ondltlons by
ving native vegetation or irrigating dry land. On the high plains of north-
n Colorado, for example, the conversion of grasslands to irrigated and dry
ultural fields appears to have led to cooler, wetter conditions both in the
ed areas and in distant mountain regions.? In southern Florida, extensive
ning of natural wetlands to plant vegetable, sugar, and citrus crops may haYe
an increased frequency and severity of winter freezes, one of whichv (in
7) resulted in losses of more than $300 million and the displace.ment of
0,000 migrant farm workers.?® This unintended consequence of agricultural
tivation is ironic considering that farmers moved into southern Florida in the
t place to avoid damaging winter freezes. Cities can also essentially generate
¢ir own weather systems, as their dark paved surfaces and rooftops absorb solar
1gy and create urban heat islands. Compared to nearby rural areas, cities were
nd to be 1°F to 6°F (0.6°C to 3°C) warmer and have 5 to 15 percent less sun-
ne, 6 percent less relative humidity, 20 to 30 percent lower wind speeds, and
0 15 percent more precipitation (including thunderstorms driven by local heat
nvection).? '
As long as human beings actively counteract their impacts on the landscape,
we may be able to prevent broad-scale degradation for a time, but as the floods
of China, Nicaragua, and the United States, and the deserts of the Middle East,
eveal, it may be impossible to avoid a reckoning. The effects of humans on the
landscape have been recognized for millennia, as Plato, writing in 360 B.C.,
lamented: “There are remaining only the bones of the wasted body . . . all the
 richer and softer parts of the soil having fallen away, and the mere skeletop of
“the land being left . . . now losing the water which flows off the bare earth 11.1to
the sea. . .. There may be observed sacred memorials in places where fountains
once existed.”% '
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