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Modern Conservation Legacies 

The biodiversity of the world is currently 
declining at such a rapid rate that many 
scientists have declared that we are in 
the midst of a sixth mass extinction. 
There are many causes of this decline, 
but all are related to human activities 
ranging from habitat destruction to 
overharvesting plant and animal 
populations. In response to this cri
sis, there is growing interest in con
serving biodiversity by setting aside 
areas that are protected from many 
human activities. 

The conservation of biodiversity has 
a long history. The United States, for 
example, has been protecting habitats 
as national parks, national monuments, 
national forests, and wilderness areas 
for more than a century. Yellowstone 
National Park was the first national park 

in the United States, designated in 
1872 by President Ulysses Grant. Dur
ing the presidency of Theodore Roos
evelt (1901-1909), nearly 93 million 
hectares (230 million acres) received 
federal protection. This included the 
creation of more than a hundred 

Efforts to protect marine 

habitats are relatively recent. 

national forests, although much of this 
land was set aside to ensure a future 
supply of trees for lumber and therefore 
lacked complete protection. 

In contrast to the long history of 
protecting terrestrial habitats, efforts to 
protect marine habitats are relatively 

recent. One of the most expansive 
efforts in the United States was made 
during the administration of George W. 
Bush. From 2006 to 2009, President 
Bush designated a total of 95 million 
hectares (215 million acres) of marine 
habitats as protected around the north-

western Hawaiian Islands and other 
U.S. Pacific islands. In the north
western Hawaiian Islands, 36 million 
hectares (90 million acres) of these 
marine habitats were set aside as 
the Papahanaumokuakea Marine 

National Monument. This protected 
region is immense, covering an area 
about the size of California. 

The marine ecosystem that sur
rounds the Hawaiian Islands contains a 
great deal of biodiversity- more than 
7,000 marine species, approximately 
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one-fourth of which are found nowhere 
else in the world. Unfortunately, in 
recent decades human activities have 
caused a decline in this diversity. The 
human causes of declining diversity are 
wide ranging. Although Hawaii has only 
1.3 million residents, 7 million tourists 
visit each year. Individual anglers and 
commercial fishing operations have 
exploited marine life, including coral 
and fish. In addition to this exploitation, 
there are thousands of kilograms of old 
fishing equipment lying at the bottom of 
the ocean that sometimes wash up on 
shore, entangling wildlife in old fishing 
lines. Invasive species of algae also 
dominate some areas. 

The Papahanaumokuakea monu
ment presents an opportunity for 
improving the Hawaiian marine environ
ment. As a national monument, the area 
is protected from fishing, harvesting of 
coral, and the extraction of fossil fuels. 
Large amounts of solid waste debris are 
being removed from the shorelines and 
coral reefs, and efforts are under way to 
clean out much of the invasive algae. It 
is expected that the biodiversity of the 
area will quickly respond to these 
efforts. As the populations of organisms 

increase in the protected areas, individ
uals will disperse and add to the popula
tions in the larger surrounding area. In 
this way, the protected area can serve 
as a constant supply of individuals to 
help neighboring areas maintain their 
diversity of species. 

In the United States and the rest of 
the world, conserving the biodiversity of 
marine areas by creating marine 
reserves is a relatively new activity for 
governments, but the idea is gaining 
ground. In the Galapagos Islands, where 
Charles Darwin studied the evolution of 
finches, the nation of Ecuador recently 
designated a marine reserve that 
extends 64 km (40 miles) into the ocean 
from the islands and allows only limited 
fishing. Marine reserves have also been 
designated by Russia, the United King
dom, Australia, Canada, and Belize. 

Efforts to protect critical wildlife 
habitats continue today. For example, in 
2009 the Obama administration set 
aside more than 484,000 km2 (187 ,000 
square miles) of Alaska coastline and 
waters as critical habitat for polar bears. 
Although this does not prevent activities 
such as gas and oil drilling, it does 
mean that potential impacts on polar 

bears must now be considered when 
such activities are proposed in this 
area. As more countries develop marine 
reserves, we have to make sure these 
areas are large enough to allow long
term protection of local species and we 
must consider how each new reserve is 
positioned relative to other reserves so 
that individuals are able to move among 
them. Furthermore, countries must 
decide what human activities will be 
allowed in each reserve, perhaps 
protecting a core area and allowing 
tourism, fishing, or extraction of fossil 
fuels to occur in more distant areas of 
the reserve. These are exciting times 
that demonstrate that there is a great 
potential for conserving biodiversity in 
the twenty-first century. 

Sources: 
P. Thomas, President Bush to add marine 
reserves; not all are applauding, Los 
Angeles Times, January 6, 2009. http:// 
latimesblogs.latimes.com/outposts/2009/01 
/news-flash-pres.html; U.S. government 
heads for row with big business after 
Obama sets aside land in Alaska for polar 
bear sanctuary, Daily Mail. November 25, 
2010. http://www.dailymail.co.uklnews 
/article-1333008/0bama-sets-aside-land
Aiaska-polar -bear -sanctuary .html. 

P 
reserving habitats is one important way to protect against declines in the world's 

biodiversity. In this chapter, we will examine declines in biodiversity at multiple 

levels including declines in the genetic d iversity of wild plants and animals, declines 

in the genetic diversity of domesticated plants and animals, and declines in the species 

of large taxonomic groups. We will also investigate the major causes of these declines, 

which include habitat loss, overharvesting, and the introduction of species from other 

regions of the world. To help curb the loss of biodiversity, we have a number of laws and 

international agreements that are in effect. Approaching these efforts with an 

understanding of the concepts of metapopulations, island biogeography, and biosphere 

reserves can help us succeed in protecting large ecosystems. 
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The Sixth Mass Extinction 

In Chapter 5, we noted that the world has experienced five major extinctions 
during the past 500 million years. Many scientists have suggested that we may 
currently be in the midst of a sixth mass extinction event. In the most recent 
assessment made in 2014, scientists estimate that the world is currently 
experiencing approximately 1,000 species extinctions per year. This sixth mass 
extinction is unique because it is happening over a relatively short period of 
time and is the first mass extinction to occur since humans have been present 
on Earth. 

In this module, we will examine the declines in biodiversity of Earth at various 
levels of complexity including genetic diversity, species diversity, and ecosystem 
function. In each case, we will examine the roles that humans have played in 
the decline of biodiversity. 

Learning Objectives 

After reading this module you should be able to 

• explain the global decline in the genetic diversity of wild species. 

• discuss the global decline in the genetic diversity of domesticated species. 

• identify the patterns of global decline in species diversity. 

• explain the values of ecosystems and the global declines in ecosystem function. 

59 

We are experiencing global 
declines in the genetic diversity of 
wild species 

At the lowest level of complexity, environmcmal 
scientists are concerned about conserving genetic diver
sity. Populations with low genetic diversity :1re not well 
suited to surviving environmental change and they are 
prone to inbreeding depression, as we discussed in 
Chapter 6. Inbreeding depression by parents that each 
carry a harmful recessive mutation causes some of their 
offspring to receive two copies of the harmful mutation 
and, as a result , causes rhe offspring to h:lVe a poor 

chance of survival and later reproduction. High genetic 
diversity ensures that a wider range of genotypes is 
present, w hich reduces the probability that an offspring 
will receive the same harn1ful mutation from both par
ents. In addition, high genetic diversity improves the 
probability of surviving future change in the environ
ment. This happens because high genetic diversity 
produces a wide range of phenotypes that survive and 
reproduce under different environmental conditions. 

Some declines in genetic diversity have natural causes. 
Cheetahs, for example, possess very low genetic diversity. 
Rest:archers have determined that tllis condition is 
the result of a population bottleneck that occurred 
approximately I 0,000 ye:us ago (see Figure 15.1 0). Other 
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declines in genetic diversity have human causes. For 
example, we discussed in Chapter 5 that the Florida 
panther once roamed throughout the southeastern 
United St.1tes (FIGURE 59.1). Because of hunting and 
habitat destruction, the population of the Florida panther 
shrank to only a small group in south Florida and this led 
to inbreeding. This inbreeding caused a number of 
hamlful defects that caused the population to decline 
even fitrther. After scientists released 8 panthers fi·om 
Texas into Flotida to add genetic divet-sity, the Florida 
panther population increased fi·om 20 to nearly 'I 00 
individuals. 

We are also experiencing global 
declines in the genetic diversity of 
domesticated species 

Although declining genetic variation of plants and 
animals in the wild is of great concern to scientists, 
there are also major concerns about declining genetic 
variation in the domesticated species of crops ~md 
livestock on which humans depend. The United 
Nations notes that the majority of livestock species 
comes fi·om seven species of mammals (donkeys, 
bufiaJo, cattle, goats, horses, pigs, and sheep) and four 
species of birds (chickens, ducks, geese, and turkeys). 

F 1 G U R E 59.1 Declines in genetic diversity. The Florida 
panther was reduced to such a small population that it suffered 
severe effects of inbreeding. In recent years the introduction of new 
genotypes from a Texas population has allowed the Florida panther 
to rebound. (Ttwmas & Pat Leeson) 

In different parts of the world, these species have been 
bred by humans for a variety of charactetistics including 
adapt:ltions that allow them to survive local climates. 
For example, humans have bred for a tremendous 
diversity of trait~ in cattle, as illustrated in FIGURE 59.2. 
This wide variety of ;"~daptations, which is produced by 
a great deal of genetic variation , could be used for 

Texas Longhorn Ankole Highland 

F 1 G u R E 59.2 The genetic diversity of livestock. Over thousands of years, humans have selected 
for numerous breeds of domesticated animals to thrive In local climatic conditions and to resist diseases 
common in their local environments. Modern breeding, which focuses on productivity, has caused the 
decline or extinction of many of these animal breeds. 
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adapting to changing environmental conditio ns in tht: 
future or resisting ne'vv diseases. Unfortunately, bve
stock producers have concentrated their efforts on the 
breeds that are most productive and much of this 
genetic variation is being lost. [n Europe, for example, 
half of the breeds of livestock that existed in 1900 are 
now extinct. Of those that remain, 43 percent are cur
rently at serious risk of extinction. Of the 200 breeds 
of domesticated animals that have been evaluated in 
North America, 80 percent of these breeds are either 
declining or are already facing extinction. 

A similar story exists for crop plants. A century ago, 
most of the crops that humans constm1ed were composed 
of hundreds or thousands of unique genetic varieties. 
Each v:ui ety grew well under specific environmental 
conditions and was usually resistant to local pests. In 
addition, each vatiety often had its own unique flavor. 
As we saw in Chapter 11, the green revolution in agri
culture focused on techniques that increased productiv
ity. Fanners planted fewer v:uieties, concentrating on 
those with higher yields. Fertilizers and inigation 
helped humans control many of the abiotic conditions, 
allowing fewer but higher-yielding varieties to be 
grown across large regions of the world. For example, 
at the turn of the twentieth centUJy, farmers grew 
approximately 8,000 varieties of apples. Today, that 
number has been reduced to about 100, and consider
ably fewer are available in your local grocel)' store. 

Planting only a few varieties leaves us open to crop 
loss if the abiotic or biotic environment changes. For 
example, in the 1970s, a fungus spread through corn
fields of the southern United States and killed half the 
crop. Although the fungus was uncommon, the high
yielding variety of corn that most farmers planted 
turned out to be susceptible to it. Following this crisis, 

FIGURE 59.3 A global seed 
bank. The Svalbard Global Seed Vault 
in northern Norway Is an International 
storage area for many varieties of crop 
seeds from throughout the world. 
(Jim Rlc!Jardson!National Geographic Society! 
Corbls) 

scientists modified this high-yielding corn by adding a 
gene from a variety that is resistant to the fungus. Had 
the resistant variety not been preserved, this gene 
would not have been available. 

T he nations of the world have recognized the prob
lem of declining seed diversity and have responded by 
storing seed varieties in specially designed warehouses 
to preserve genetic diversity. In fact, there are cur
rently more than 1,400 such storage f.1eilities around 
the world. However, many of these fuc Wties are at risk 
from war and natural disasters. In the past decade, 
nations and philanthropists have funded an interna
tional storage f.'1c i1i ty known as the Svalbard Global 
Seed Vault (FIGURE 59.3). T his facility consists of a 
tunnel built imo the side of a frozen mountain on an 
island in the Arctic region of northern Norway. It was 
designed to resist a wide range of possible calamities, 
including natural disasters and globa.l warming. Should 
the environment change in future years, either in 
terms of abiotic conditions or because of emergent 
diseases, the seed bank will be available to help scien
tists address the challenge. The Svalbard k'1cility opened 
in 2008 with a capacity of 14.5 million seed varieties. 
As of2013, more than 700,000 seed samples had been 
sent to Svalbard for lo ng- term srorage. 

Species diversity has declined 
around t he world 

Extinction occurs when the last member of a species 
dies. These major extinction events are characterized as 
a loss of at least 75 percent of all species within a period 
of 2 million years. Scientists estimate that as a result of 
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Birds Mammals Amphibians 

II Threatened 

Near-threatened 

II Leastconcern 

FIGuRE 59.4 The decline of birds, mammals, and amphibians. Based on those species for which scientists have 
reliable data, 21 percent of birds, 32 percent of mammals, and 49 percent of amphibians are currently classified as threatened or 
near-threatened with extinction. (After lntemationat Union for Conservation of Nature. 2009) 

these multiple mass extinctions and many rninor 
extinctions, nearly 99 percent of the 4 billion species 
that have existed on Earth have gone extinct. However, 
because each of these mass extinction events has been 
followed by high rates of speciation that produced new 
species, we still have millions of species on Earth. 

One way to assess the current extinction rate is by 
comparing the rate of extinction for groups of organ
isms, such as mammals, for which we have an excellent 
fossil record. Using this fossil record, we can compare 
the rate of species extinctions during the past 500 years 
to previous 500-year intervals. When we do this, we 
find that the rate of extinction during the past 500 
years is higher than in previous 500-year periods. 
Indeed, the United Nations Convention on Biological 
Diversity estimates that the rate of extinction has been 
1 ,000 times higher during the past 50 years than at any 
other time in human history and rivals the rates 
observed during the mass extinction event that elimi
nated the dinosaurs 65 million years ago. 

To understand the current loss of species around the 
world, we can look at how particular groups of species 
are declining. When considering the status of a species, 
we use one of£ive categori es defined by the International 
Union fo r Conservation of Nature (IUCN). Data
deficient species have no reliable data to assess their 
status; they may be increasing, decreasing, or stable. 
Species for which we have reliable data are placed in one 
of four categories. Extinct species are those tbat were 
known to exist as recently as the year 1500 but no longer 
exist today. T he IUCN defines dueatened species 

Threat ened species According to the International 
Union for Conservation of Nature OUCN), species 
that have a high risk of extinction in the future. 

Near-threatened species Species that are very 
likely to become threatened in the future. 

Least concern species Species that are 
widespread and abundant. 
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as those that have a high risk of extinction in the future 
and near- threatened species are very likely to become 
threatened in the fitture. Least concern species are 
widespread and abundant. These categories provide a 
mechanism for comparing the status of different groups 
of species. 

Evaluating the status of difle rent plant and animal 
groups presents several challenges. Many species £1ll 
under the categOty of data-deficient. At the same time, 
we are still discovering many new species, particularly in 
remote areas of the world. Since the number of species 
known to science constantly increases, it is not possible 
to evaluate evety species and our estimates of what 
fi·action of species are declining will constantly change. 
Finally, the work is expensive. Making an assessment for 
even one group of species, such as birds or manunals, 
requires thousands of scientist~ and millions of dollars. 

Of the estimated 10 million species that currently ljve 
on Earth, ranging from bacteria to whales, only about 
50,000 have been assessed to detemline whed1er their 
populations are increasing, stable, or declining. Across all 
groups of organisms that have been assessed, nearly one
third are threatened with extinction. Given that some of 
the best data are for birds, mammals, and amphibians, ·we 
will examine these groups in more detail. FIGURE 59.4 
shows the data for tl10se species tl1at are not yet extinct. 

Since the year 1500, nearly 10,000 bird species have 
ex'isted and 130 have become extinct. Today, 22 percent 
are threatened or near-th reatened. Among the 
800 species of birds living in the United States, nearly 
one- th ird are experiencing declining populations. 
T hese include 40 percent of bird species that live in 
grasslands and 30 percent of bird species that live in arid 
regions. Multiple threats, including reduced habitat 
and rising sea levels, have caused a growing concern for 
all species of birds that live on coastlines or on islands. 

A similar pattern exists for manunals. Of the nearly 
5,500 species of mammals known to have existed after 
1500, 77 are extinct. Among the approximately 4,600 
species for which there are reliable data, 25 percent are 
threatened and 32 percent are either threatened or 



near-threatened. T his means that more than 1,400 
species of mammals may be at risk of extinction. 

Amphibians are experiencing the greatest global 
declines. Of the more than 6,300 species of amphibians, 
34 species are extinct. However, a recent assessment of 
amphibian populations suggests that the number of 
extinctions may accelerate in tht! coming decades. 
Among the approximately 4,700 species for w hich 
reliable data ex ist, 49 percent are either threatened or 
near-threatened. This means that nearly 2,300 species 
of amphibians are declining around the world. 

Many other groups of organisms are also experienc
ing large dedines, but complete assessments have not yet 
been conducted because of the time and money required 
for each assessment. However, from the sample of 
species that have been assessed in each group, we see an 
emerging picture that is £1r from positive. For example, 
from this samplt:, approximately one-third of aU reptiles, 
fish, and invertebrates are threatened with e:-.'tinction. 
Similarly, one-fourth of plant spt:cies are threatened. 
These results suggest that when the assessments are 
complt:te, the nt:ws will most likely not be good. 

Ecosystem values and the global 
declines in ecosystem function 

Given that we rely on a relatively small number of th e 
millions of species on Earth for our essential needs, 
why should we care about rhe millions of other species 
that live in various ecosystems? To understand th t: 
value of ecosystems, we can consider both intri11sic 
values and instrtt/llelltalJ'alues. 

Many people believe that ecosystems have intrinsic 
value- that is, that ecosystems are valuable indepen
dent of any benefit to humans. These beliefs may grow 
out of religious o r philosophical convictions. People 
who bcHeve that ecosystems are inherently valuable 
may argue that we have a moral obligation to preserve 
them. T hey may equate the obligation of protecting 
ecosystems with our responsibility toward people or 
animals that might need o ur help to survive. People 
who argue that ecosystems are valuable independent of 
any benefit ro humans generally believe that 
environmental policy and the protection of ecosystems 
should be driven by this intrinsic value. 

An ecosystem may also have in strumental value, 
meaning that it bas worth as an instrument o r tool that 
can be used to accomplish a goal. Instrumental values, 
which include the value of items such as crops, lum
ber, and pham1aceutical drugs, can be thought of in 
tenns of how much economic benefit a species 
bestows. As noted in C hapter 1, we often refer to 
these instmmental values as ecosystem services. W ht:n 
calculating the instnmlental value o f various ecosystem 
services, we can consider five categories: JHOIIisiolls, 

regulati11g .wvices, supptJrt systems, resiliwce, and wltural 
semiccs. 

Provisions 

Goods produced by ecosystems that humans can use 
directly are called provision s. Examples include 
lumber, food crops, medicinal plants, natural rubber, 
and furs. O f the top 150 prescription drugs sold in the 
United States, about 70 percent come from natural 
sources. For example, Taxol, a potent anticancer drug, 
was o riginally discovered in the bark of the Pacific yew 
(Tax us breJ,Yolia) , a rare tree that grows in forests of the 
Pacific Northwest (FIGURE 59.5) . Once approved by 

FIGuRE 59 . 5 Provisions. Scientists discovered tllat the bark of 
the Pacific yew contains a cllemical that has anticancer properties. 
(lnga Spence/Science Source) 

Intrinsic value Value independent of any benefit 
to humans. 

Instrumental value Worth as an instrument or a 
tool that can be used to accomplish a goal. 

Provision A good that humans can use directly. 
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the FDA, the synthetic version of this single drug has 
bad annual sales of over $1.5 billion . There is no way 
to estimate the potential value of natural pharmaceuticals 
that have yet to be discovered, but currently more 
chan 800 natural chemicals have been identified as 
having potential uses to improve human health. 
Therefore, our best strategy may be to preserve as 
much biodiversity as we can to improve our chances 
of finding the next critical drug. 

Regulating Services 

Natural ecosystems help to regulate environmental 
conditions. For example, humans currently add about 
8 gjgatons of carbon to the atmosphere annually 
(1 gigaton = 1 trillion kilograms), but only about 
4 gigatons of carbon remain there. The rest is removed 
by natural ecosystems, such as tropical rainforests and 
oceans, which provide us with more time to address 
climate change than we would otherwise have 
(FIGURE 59.6). As we have already seen, ecosystems 
also a~:e important in regulating nutrient and hydrologic 
cycles. 

Support Systems 

N atural t:cosystems provide numerous support 
services that would be extremely costly for humans 
to generate. One example is pollination of food crops 
(FIGURE 59.7) . The American lnstimte of Biological 
Sciences estimates that crop pollination in the United 
States by native species of bees and other insects, 
hummingbirds, and bats is worth roughly $3.1 billion 
in added food production. In addition to providing 
habitat for :~nimals that pollinate crops, ecosystems 

638 CHAPTER 1 B • Conservation of Biodiversity 

FIGURE 59 .6 Regulating 
services. Tropical rainrorests 
play a major role in regulaling the 
amount of carbon in the 
atmosphere. (John Pontierlf arth 
Scenes/Animals Animals) 

provide natural pest control services because they 
provide habitat for predators that prey on agri cultural 
pests. Although organic fa rmers, who rarely use syn
thetic pesticides, gain the most from these pest con
trols, conventional agriculture benefits as well. 

Healthy ecosystems also filter hannful pathogens 
and chemicals front water, leaving humans with water 
that requires relatively little treatment prior to drink
ing. Without these water-filtering services, hwnans 
would have to build many new \>Vater treatment facili
ties that use expensive filtration technologies. New 
York C ity, for ex:unple, draws its water from naturally 
clean reservoirs in the Catskill Mountains. Bur residen
tial development and tourism in the area has threat
ened co increase contamination of the reservoirs with 

FIGuRE 59.7 Support systems. Pollinators such as I his 
honeybee play an essenlial role in ensuring lhe pollinalion of food 
crops such as cherries. (Steffan and Alexandria Sailer/Ardea/farth Scenes/ 

Animals Animals) 



silt and chemicals. Building a filtration plant adequate 
to nddress these problems would cost $6 billion to 
$8 billion. For this reason, New York City and the 
U.S. Environmental Protection Agency have been 
working to protect sensitive regions of the Catskill~ . 

Resilience 

W e have already seen that resilience ensures an ecosys
tem will continue to exist in its current state, which 
means it can continue to provide benefits to humans. 
R esilience depends greatly on species diversity. For 
example, several different species may perform similar 
functions in an ecosystem but differ in their suscepti
bility to disturbance. If a pollutant kills one plant spe
cies chat contains nitrogen-fi xing bacteria, bur docs 
not kill a]J plant species that contain nitrogen-fL'Xing 
bacteria, the ecosystem can still continue to fi x 
nitrogen (FIGURE 59.8). 

Cultural Services 

Ecosystems provide cultural or aesthetic benefit<> to 
many people. The awe-inspiring beaury of nature has 
instnnnental value because it provides an aesthetic 
benefit for which people are willing to pay (FIGURE 59.9) . 
Similarly, scientific funding agencies may award grants 
to scientists for research that explores biodiversity with 
no promise of any economic gain. Nevertheless, the 
research itselfhas instrumentaJ value because the scientists 
and others benefit fro m these activities by gaining 
kno·wledge. While intellectual &rain and aesthetic satis
£Ktion may be difficult to quamify, they can be comid
ered cultural se1v ices that have instrumental v:~lue. 

FIGURE 59 . 8 Species diversity as a component of 
resilience. This prairie ecosystem contains a high diversi ty of 
grasses and wildflowers, including many species of nitrogen-lixing 
wildflowers. If one nitrogen-fixing species is eliminated, the lost 
function can be compensated for by another nitrogen-fixing species. 
(Mike MacOonald/CIIicagoNature.com) 

FIGURE 59 .9 Cultural 
services. Many natural areas, 
such as this scene from lhe Grand 
Tetons National Park, provide 
aesthetic beauty valued by 
humans. (Budcfy Mays!Corbis) 
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The Monetary Value of Ecosystem Services 

Most economists believe that the instrumental values 
of an ecosystem can be assigned monetmy values, and 
they are beginning to incorporate these values into 
their calculatio ns of tbc economic costs and benefits of 
various human activities. However, assigning a dollar 
value is easier for some categories of ecosystem ser
vices than for others. In 1997, a team of scientists and 
econo mists attt!rnpted to estimate the total value of 
ecosystem services to the human economy. They con
sidered replacement value-the cost to replace the 
services provided by natural ecosystems. They also 
looked at other factors , such as how property values 
were affected by location relative to these services-for 
example, oceanfront housing. Finally, they considered 
how much time or money people were w illing to 
spend to use these services-for example, w hether 
they were w illing to pay a fee to visit a national park. 
Using this method, researchers estimated that ecosystem 

REVIEW 

In this module, we have see n that declines in 
biodiversity are happening at a rate that may 
indicate the start of a sixth mass extinction. At the 
genetic level, a loss of diversity is a concern because 
it places species under the threat of inbreeding 
depression that can cause population declines. We 
have observed declines in the genetic diversity of 
both wild species and domesticated species such as 
crops and livestock. At the species level , we have 

Module 59 AP® Review Questions 
1. In a m;Uor extinction evem, what is the minimum 

percentage of species that goes extinct? 
(a) 25 percent 
(b) 40 percent 
(c) 50 percent 
(d) 75 percent 
(e) 90 percent 
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services were worth over $30 trillion per year, or more 
than the entire global economy at that time. 

The Decline of Ecosystem Services 

Because species help determine the services that 
ecosystems can provide, we would expect declines in 
species diversity to be associated with declines in 
ecosystem function. In the M iJlennium Ecosystem 
Assessment conducted in 2005, the most recent 
assessment conducted, scientists fio m around the world 
examined the current state of 24 ecosystem functions, 
including food production, pollination, water purifica
tion , and the cycling of nutrients such as nitrogen and 
phosphorus. Of these 24 different ecosystem functions, 
15 were found to be declining or used at a rate that 
cannot be sustained. If we want to improve ecosystem 
functions, we need to improve the fate of the species 
and ecosystems that provide these services. 

learned that major groups of organisms, including 
mammals, fish , and a mphibians, have all 
experienced extinctions and contain large g roups 
that are threatened or near-threatened. This global 
de eli ne in species affec ts the fun ctioning of 
ecosystems and reduces the intrinsic and instru
mental va lues that these ecosystems provide. In the 
next module, we will examine the nuny causes of 
these declines in biodiversity. I 

2. What fucro r has played the largesr role in decreased 
diversity of domesticated species? 
(a) A focus on increased yields 
(b) T he use of genetic engineering 
(c) The adaptation to specific growing 

environments 
(d) The decreased number of pests 
(e) lncreased seed storage efiorts 



3. Which group of organisms has had tht: greatest 
number of extinctions since 1500? 

5. Which is NOT a category of instrumental value? 
(a) Regulating services 

(a) Birds (d) R eptiles 
(b) Amph ibians (c) Fish 
(c) Mammals 

4. T he intrinsic value of an ecosystem 
(a) is the total monetary worth of its features. 
(b) is based on the goods the ecosystem produces. 
(c) considers the potential benefits that could be 

discoven:d in the ecosystem. 
(d) is the value it has independent of humans. 
(c) is the fu nction of an ecosystem that humans 

cannot replicate. 

Causes of Declining 
Biodiversity 

(b) Resilience 
(c) Provisions 
(d) Culrural services 
(e) Diversity 

We have seen that declines in biodiversity are happening around the globe. In 
"Science Applied 2: How Should We Prioritize the Protection of Species 
Diversity?" on page 184, we discussed biodiversity hotspots, which are areas 
around the world rich in biodiversity. Many organisms in these biodiversity 
hotspots face threats of extinctions due to human activities. However, threats to 
biodiversity exist throughout the world. In this module, we build on the basics of 
population and community ecology from Chapter 5 to understand how a number 
of factors can all affect biodiversity. 

Learning Objectives 

After reading this module you should be able to 

• discuss how habitat loss can lead to declines in species diversity. 

• explain how the movement of exotic species affects biodiversity. 

• describe how overharvesting causes declines in populations and species. 

• understand how pollution reduces populations and biodiversity. 

• identify how climate change affects species diversity. 

60 
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Habitat loss is the major cause of 
declining species diversity 

For most species, the greatest cause of decline and 
extinction is habitat loss. In modem times, the primary 
cause of habitat loss is human development that 
removes natural habitatS and replaces them with 
homes, industries. agricultural fields. shopping malls, 
and roads. Many species can only thrive in a particular 
habitat within a narrow range of abiotic and biotic 
conditio ns. Species requiring such specialized habitats 
are particularly prone to population declines, especially 
when their f.wored habitat is limited, which restricts 
their distribution to a specific geographic area suitable 
only for a small population. 

Altering distinctive characteristics of a habitat, such 
as removing trc.!cs or damming streams, has an effect on 
the organisms that live in that habitat. For example, for 
thousands of years the northern spotted owl (Strix 
orridclltalis raurhw) lived in old-growth forestS-those 
dominated by trees rhar are hundreds of years old-in 
the northwestern United Stares and southwestern 
Canada (sec Figure 29.1 c on page 332). This habitat 
provided the ideal sites for nesting, roosting, and 
catching small mammals to eat. The removal o f the old 
trees, for lumber and housing developments, has rrans
fomled much of the former old-growth forest into a 
different habitat (FIGURE 60.1) . This habitat alteration 

(a) (b) 

reduces the number of northern spotted owls because 
they have fewer trees in which to nest and Jess forest 
in which to find food. 

The map in FIGURE 60.2 shows the changing face 
of forest habitat over the past few decades. As we saw 
in Chapter 6. much of the forest in the United Stares 
during the 1700s and 1800s was logged for lumber 
and cleared for agriculture. In recent decades. forested 
land bas been increasing, although humans have often 
planted the new forests, which have a lower diversity 
of species than rhc original forests. At the same time, 
developing countries in South America, sub-Saharan 
Africa, and Southeast Asia are clearing their forests 
much as rhe United States and Europe did in years 
past. As a result, large declines in forest cover are 
occurring in developing countries that were o nce 
forested. It is currently unclear whether these coun
nics will follow the pattern of Europe and North 
America and eventually allov,, their forested areas to 
increase. 

Although ckforestation receives a lot of attention, 
many other habitats are also being lost. According ro 
the.: MiUenniu111 Ecosystem Assessment, approximately 
70 perccnt of the woodland/ shrubland ecosystem that 
borders the Mediterranean Sea has been lost. Similarly, 
across the globe we have lost nearly 50 percent of 
gras land habitats and 30 percent of desert habitats. 
Wetlands exhibit a mixed picture. Although the 
amount of wetland habitat is less than half of what 

FIGURE 6 0.1 Habitat loss. Habitat loss caused by humans is the largest threat to biodiversity. (a) Old·growth forests, such 
as this one in the Mount Rainier National Park in Washington State, serve as habitat for spotted owls. (b) After clear-cutting an 
old-growth forest for timber, such as this site in the Olympic National Forest in Washington State, the forest provides a very 
different habitat. It may take hundreds of years before the habitat again becomes suitable for the spotted owl. (a: Stephen Matera! 
DanltaDollmont.com; b: Kent Foster/Science Source) 
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- Increase in 
forest cover .r - Decrease in 
forest cover 

No change in 
forest cover 

F 1 G u R E 6 0. 2 Changing forests. Some regions of the world experienced large declines in the amount of forested land from 
1980 to 2000 while other regions have shown little change or have seen increases in forest cover. (After Global Biodiversity Oullook 2. 
Convention on Biological Diversity, 2006) 

existed in the United States during the 1600s, from 
1998 to 2004 the amount of fre~hwatcr wetland habi
tat actually increased. T his ovcr:tll growth occurred 
due to large increases in wetland habitat in the Great 
Lakes region. This growth oflset a decline in coastal 
wetlands in the eastern United States and the Gulf of 
Mexico caused by gro\\'ing human populations that 
built more roads, homes, and businesses. 

In marine systems, there has been a sharp decline in 
the amounr of living coral in the Caribbean Sea, as 
shown in FIGURE 60.3, from a high of 50 percent live 
coral in the 1970s to a mere 8 percent by 2012. Living 
coral provide habitat for thousa nds of other species, 
w hich mab.:s them particularly viral to the persistence 
of marine habitats. The decline in co ral is the result of 
human impacts including the warming of oceans 
(associated with global warming), increased pollution. 
and the removal of coral by collectors. T his loss of 
coral habitat is occurring at a rapid rate throughout the 
world. 

A species may decline in abundance or become 
extinct even w ithout complete habitat destruction 
since a reduction in the size of critical habitat also can 
lead to extinctions thro ugh a variety of processes. As 
we saw in rhe case of the Florid:t panther, a smaller 
habit:tt supports a smaller population, reducing genetic 
diversity. Less habitat also reduces the variety of phys
ical and climatic options available ro individuals during 
periods of extreme conditions. T he presence of cooler, 
high-altintde areas in a habitat, for ex:tmple, allows 
animals a pbce to move during periods of hot weather. 
AJso, loss of habitat can restrict the movemcnr of 
migmtory or highly mobile species. While many spe-

cics c:tn rh1ive in small habitats, other species, such as 
mo unrain lions, wolves, :tnd tigers, require large tracts 
of relatively uninhabited, undisturbed land. 

Smaller habitats can :tlso cause increased interactions 
with other harmful species. For example, many song
birds in North America live in forests. When these 
birds make their nests ncar the edge of the forests
where the forest meets a field- they ofren have to 
contend with the brown- headed cowbird (Molot!lms 
arer). The cowbird is a nest parasite--it does not build 
irs own nest, but lays its eggs in the nests of several 
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FIGURE 60.3 Changing coral reefs. The percentage of coral 
that remains alive in coral reefs has declined sharply in the Caribbean 
from 1977 to 2012. (rropical Americas Coral Reef Workshop, 2012) 

MODULE 60 • Causes of Declining Biodiversity 643 



(a) (b) 

F 1 G U R E 6 0. 4 Habitat fragmentation. (a) Increased fragmentation of forests has caused forest songbirds to come into 
increasing contact with the brown-headed cowbird. (b) The cowbird does not make its own nest. Instead, it lays its brown, 
spotted eggs in the nests of other species, such as this nest containing four blue eggs of the chipping sparrow (Spizella passetina). 
(a: Jim iJpp/Arrfea/Animals Animals; b: Paul J. Fusco!Science Source) 

other species of birds (FIGURE 60.4). In this -vvay the 
cowbird tricks forest birds into raising its offSpring, 
which rakes food away from the forest birds' own 
ofupring. In some cases, the host bird will simply 
abandon the nest. As forests are broken up into small
er fi-agments, the propo rtion o f forest near the edge 
increases :md, therefore, the number of bird nests rhat 
are susceptible to brown-headed cowbirds increases. 
Over rime, increased fragmentatio n has allowed 
brow n-headed cowbirds to cause declines 111 many 
species of North American songbirds. 

Exotic species are moving around 
the world 

Native species are species that live in their historical 
range, typically ·where they have lived for thousands or 
miJJions of years. In conn·ast, exotic species, also known 
as alien species, are species that live out~ide their his
tO!ical range. For example, honeybees (Apis lllellffcm) 

Native species Species that live in their 
historical range, typically where they have lived for 
thousands or millions of years. 

Exotic species A species living outside its 
historical range. Also known as alien species. 
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were introduced to North America in the 1600s to pro
vide a source ofhoney for European colonists. Red foxes 
( Vulpcs rmlpes), now abund.1nt in Australia, were intro
duced there in the l~OOs tor the purpose of tox hunts, 
which were popular in Europe at the time. 

During the past several centuries, humans have fre
quently moved animals, plants, and pathogens around 
the world. Some species are also moved accidentally. 
For exampk, rats that have stowed avvay in shipping 
containers have ended up on distant oceanic islands. 
Because these islands never had rats or other ground 
predators, there had never been any nan1ral selection 
against nesting on the ground, and numerous island 
bird species had evolved to nest o n the ground. When 
the rats arrived, they fo und the eggs and hatchlings 
from ground nests an easy source of food, resulting in 
a high rate of extinction in ground-nesting birds in 
places such as H awaii. Similar ::~ccidenta l movements 
have occurred for many pathogens, including exotic 
fungj that were introduced to North America nearly a 
century ago and have since killed nearly all American 
elm (Ulmus a/1/ericalla) and American chestn ur ( Casla11ea 
demata) trees in eastem North America. Similarly, an 
exotic protist that causes avian malaria has driven many 
species of Hawaiian birds to extinction. Other move
ments of exotic species are intentional, such 3S exotic 
plants that are sold in greenhouses for houseplants and 
outdoor landscape plants, or exotic ::mimals that are 
sold as pets or to game ranches that raise exoric spec ies 
of large mammal~ for hunting. 



In most cases, exotic species C1il to establish success
ful populations w hen they are introduced to a new 
region. For the smaU percentage of introductions that 
are successful , exotic species can live in their new sur
roundings and have no negative effect on the native 
species. In o ther cases, however, tht: exotic species 
rapidly increase in population size and caust: harmfi.Jl 
eflects on native species. When exotic species spread 
rapidly across large areas, we call them invasive spe
cies. Rapid spread of invasive species is possibk 
because invasive species, which have n:tn1ral enemit:s 
in their native regio ns that act to control their popula
tion, often have no natural enemies in the regions 
where they are introduced. T wo of the best- known 
examples of invasive exotic species in N orth Americ:1 
are the kudzu vine (Pueraria lobara) and the zebra 
mussel (Drcissena polymorplta). 

The kudzu vine is native to Japan and southeast 
China but was introduced ro the United States in 
1876. Throughout the early J 900s, f.1 rmers in the 
southeastern states were encouraged to pbnt kudzu to 
help reduce erosio n in their fields. By the 1950s, it 
became apparent that the southeastern climate was 
ideal for kudzu, with growth rates of the vine 
approaching 0.3 m (1 foot) per da)'· Because herbivores 
in the region do not eat kudzu, the species has no 
enemies and can spread rapidly. T he vine grows up 
over most wildflowers and trees and shades them from 
the sunlight, causing the plants to die. Indeed, the vine 
grows over just about anything that does not move 
(FIGURE 60.5) . Kudzu currently covers approximately 
2.5 million hectares (7 million acres) in the United 
States. 

T he zebra mussel is native to the Black Sea and the 
Caspian Sea in eastern Europe and western Asia. Over 
the years, large cargo ships that traveled in these seas 
unloaded their cargo in the ports of the Black Sea and 
Caspian Sea and then pumped seawater into the hold
ing tanks to ensure that the ship sat low enough in the 
water to remain stable. This water that is pumped into 
the ship is called ballast water. When the ships arrived 
in the St. Lawrence River and the Great Lakes, they 
loaded on new cargo and no longer needed the weight 
of the ballast water, which they pumped out of the 
ship into locaJ waters. One consequence of transport
ing ballast water from Asia to North America is that 
many aquatic species from Asia, including zebra mus
sels, have been introduced into the aquatic ecosystems 
of North America. Because the St. Lawrence River 
and the Great Lakes provided an ideaJ t:cosystem for 
the zebra mussel, and because a single zebra mussel can 
produce up to 30,000 eggs, the mussel spread rapidly 
through the Great Lakes ecosystem. On the positiw 
side, because the mussels feed by filtering the water, 
they remove large amounts of algae and some con
tamin:mt~ , which, to sonte degree, cou nteract~ the 

FfGURE 60.5 The spread of the exotic kudzu vine. The 
fast-growing kudzu vine is native to Asia but was introduced to the 
United States to control erosion. It has since spread rapidly, growing 
over the top of nearly anything that does not move. (Melissa Farlow! 
National Geographic Crealive/Ge/ly Images) 

cultural t:utrophication that has occurred in the Great 
Lakes ecosystem. On the negative side, the zebra mus
sels physically crowd o ut many native mussel species 
and the zebra mussels can consume so much algae that 
they negatively affect native species that also need to 
consume the algae. l\1oreover, the invasive mussels can 
achieve such high densities that they can clog intake 
pipes and impede the flow of water on w hich indus
tries and communities rely. 

A new threat to the Great Lakes is the silver carp 
(1-lypophc/w/michthys 111olicrix), :t fish that is native to 
Asia but has been transported around the world in an 
effort to consume excess algae that accumulates in 
aquaculture operations and the holding ponds of sew
age treatment plant~. After being brought tO the 
United States, some o f the fish escaped and rapidly 
spread through many of the major river systems, 
including the Mississippi River. Over the years, the 
carp population has expanded northw:trd , and by 20 I 0 
it approached a canal where the Mississippi River con
nects to Lake Michigan . Although researchers detected 
the DNA of the carp in water samples from the Great 
Lakes from 2009 to 201 'I , substantial netting efforts in 
the spring of 2013 fai led to find any of the fish in the 
lakes. There are two m:tjor concerns about this invad
ing fish. First, scientists wony that it w ill o utcompete 
native species of fis h that also consume algae. Seco nd, 
the silver carp has an unusual behavior; it jumps out o f 

Invasive species A species that spreads rapidly 
across large areas. 
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F 1 G U R E 6 0. 6 Silver carp invading the Mississippi 
River. The silver carp has been introduced into the Mississippi River 
from Asia and is quickly heading toward an invasion of the Great 
Lakes. (Chris 0/ds/U.S. Ash & Wildlife SeiVice) 

the water when startled by passing boats (FIGURE 60.6). 
Given th:tt the carp can grow to l8 kg (40 pounds) and 
jump up to 3 m (1 0 feet) into the air, this poses a major 
safety issue to boaters. 

Around the world, invasive exotic species pose a 
serious threat to biodiversity by acting as predators, 
pathogens, or superior competitors to native species. 
Some of the most complete data exist in Europe. As 
FIGURE 60.7 shows, during the past I 00 years, Europe 
has experienced a steady increase of nearly 2,000 
exotic species in terrestrial ecosystems. Additional 
species have been introduced into fi·eshwater and 
marine ecosystems. A number of efforts are cun·ently 
being used to reduce the introduction of invasive 
exotic species, including the inspection of goods com
ing into a country and the prohibition of wooden 
packing crates made of untreated wood that could 
contain insect pests. 

Overharvesting causes declines in 
populations and species 

Hunting, fishing, and other forms of harvesting are 
the most direct human influences on wild populations 
of plant~ and animals. Most species can be harvested 
to some degree, but a species is overharv<::sted when 
individuals are removed at a rate faster than the 
population can replace them. In the extreme, 
overharvesting of a species can cause extinction. In 
the:: sevc.:nteenth century, for example, ships sailing 
from Europe stopped for food and water at Mauritius, 
an uninhabited island in the Indian Ocean. On 
Mauritius, the sailors would hunt the dodo (Raplms 
wwllclllls), a large fl ightless bird that had no innate fea r 
of humans because it had never seen humans during 
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F 1 G u R E 6 o. 7 Exotic species. Over the decades, there has 
been a steady increase in the number of exotic species in Europe. 
This example shows the number of exotic species recorded in 
terrestrial ecosystems. (Data from European Environment Agency, EU 2010 
Biodiversity Baseline, 2010) 

its evolutionary hist01y (FIGURE 60.8). The dodo, 
unable to protect itself from human hunters and the 
rats (introduced by humans) that consumed dodo eggs 
and hatchlings, became extinct in just 80 years. This 

F 1 G u R E 6 o. 8 Overharvesting. The dodo was a large flightless 
bird that served as an easy source of meat for sailors and settlers on 
the island of Mauritius. Because it evolved on an island witll no large 
predators or humans, the dodo had no instinct to fear humans. (Stock 
Montage/Getty Images) 



same scenario appears to have mken place with many 
other large anim:tl species as wdl. These animaJs include 
the giant ground sloth s, mam1noths. American camels 
of North and South America, :tnd the 3. 7 m ( 12 feet) 
t:t ll mo:t birds of New Zeal:tnd. Each species became 
extinct soon after humans arrived, suggesting that rhe 
aninuls' demise rnay have been dtH! ro overharvesting. 

Ovcrh:trvesting has also occurn.:d in the more recent 
past. In the 1800s and early 1900s, for example, market 
hunters slaughtered w iJd animals to sell their parts on 
such a scale that many species. including the American 
bison. declined dramatically. Bison were once abun
d:tnc on the western plains, with estim:ttes ranging from 
60 to 75 millio n inclividuaJs. By the late 1800s fewer 
than I ,000 were left. This me:~ns tlut 99.999 percent 
of all bison were killed. Following enactment of leg:tl 
protections, the bison population today has increased 
ro n1orc than 500,000, including both wild bison and 
bison r:tised commerci:tlly for nlc:l t. 

Not all species harvested by marker hunters fured as 
well as rhe American bison. The passenger pigeon was 
once one of rhe most abundant species of birds in 
North America. Population estim:ttes range from 3 to 
5 billion birds in the nineteenth centtny. In £1ct, during 
alllnl:d migrations, people observed continuous flocks 
oi pigeons flying overhead for 3 days straight in densi
ties th:tt blocked out most of the su11. Ureeding flocks 
could cover 40,000 ha (I 00,000 acres) with I 00 nests 
built into each tree. With such high densities, market 
humers could shoot or net the bird in very large num
bers and fi ll train cars with harvested pigcons to be sold 
in eastern cities. Tllis overharvesting, combined with 
the efiects of forest dearing for agriculture, caused the 
passenger pigeon to decline quickly. The last passenger 
pigeon died in 1914 at the C incinnati Zoo. 

During rhe past century, regulations have bec::n 
passed to prevent the overharvesting of plants and ani
nwls. In the Un ited States, for ex:tmplc, state and fed
eral regulations restrict huming and fishing of game 
:111imaJs to particular times of the year and Limit the! 
number of animals that can be harvested. Similar agree
ments have been reacht·d :ullong countries through 
international treaties. In general, these regulations have 
proven very successful in preveming species declines 
cau. ed by overharvesting. In some regions of the 
world, however, harvest regulations arc nor enforced 
;md illegal poaching, especially of large, rare animals 
that include tigers, rhinoct:roses, ami apes, continues to 
threaten species with extinction. Harvesting of rare 
pbms. bird'>. and coraJ reef dwcllcrs for ptivare collec
tions has also jeopardized thcsc species. 

Plant and Animal Trade 

For some species, the leg:11 and illegal trade in plants 
and anim:tls represents .a serious threat to their abiliry 

to persist in nature. One of rhe earliest laws in the 
United Statt:s to control the trade of wildlife was the 
Lacey Act. First passed in 1900, the act originally 
prohibited the transport of illegally harvested game 
animals, primarily birds :111d mammals, across state 
lines. Over the years, a number of amendments have 
bl~en added so that the Lacey Act today forbids the 
interstate shipping of all illegally h:trvested plants and 
anima Is. 

At rhe inrem arional level, rhe United Nations 
Convention on International Trade in Endangered 
Species of Wild Fauna and Flora, also known as 
C ITES, was developed in 1973 to control the inrerna
tion:tl trade of threatened plants and animaJs. Today. 
C ITES is an imemational agreement among 175 coun
tries throughout the world . The IUCN maintains a list 
of threatened species known as rhc Red List. Each 
tuember country assigns a specific agency to monitor 
and regul:tte the import and export of ;mimaJs on the 
list. For example, in the United States, the U .S. Fish and 
Wildlife Service conducts this oversight. 

Despite such imemational agreements. much illegal 
pbm and anima] trade still occurs throughout the 
world. In 2008. a report by the Congressional 
Rc~earch Service e timated that ill e~:,raJ trade in wildlife 
was worth $5 billion to $20 billion annually. In some 
cases, animals are sold for fm o r for body parts that arc 
thought to have medicinal value. In other cases, rare 
animnls are in demand as pets. For example, in 200 I a 
population of the Philippine forest turtle (Sicbe/lrockiclln 
lq•ll'llsis), once tho ught ro be cxrinct. was discovered 
on a single island in the Ph ilippines (FIGURE 60.9). 
This animal. one of the most endangered species in the 
world, cannot be traded legally, but demand for it as a 
pet has caused it to be sold illegally :tnd the last remain
ing popularion has declined sharply in only a few years. 
A single turtle sells for $50 to $75 in the Philippines 
and up to $2,500 in the United States and Europe. 
Sin1ibr cascs of illegaJ trade occur in rare species of 
trees for lumber such :~ s big-leaf mahogany (S111ietcnin 
1/Wrophylft~), rare species of plants for medicine such as 
goldenseal (Hydrastis m11adcnsis), and many rare species 
of orchids for their beautiful flowers. 

Lacey Act A U.S. act that prohibits interstate 
shipping of all illegally harvested plants and 
animals. 

Convention on International Trade in 
Endangered Species of Wild Fauna and 
Flora (CITES) A 1973 treaty formed to control 
the international trade of threatened plants and 
animals. 

Red List A list of worldwide threatened specie.s. 
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F 1 G u R E 6 0. 9 Species declines due to the pet trade. The 
only remaining population of this turtle lives on a single island in the 
Philippines. Although protected by law, illegal trade has caused a 
rapid decline of this species in the wild. (NHPNPiwtost1ot) 

Somc:timc.:s even when trade in a particular species 
is legal, it can pose a potential long-tem1 threat to spe
cies persistence. In the south>vvestern United States, for 
example, th ere is a growing m ovement to reduce 
water use by replacing grass lawns with desert i:lnd
scapes. One of the unintended consequences is the 
increased demand for cacti and other desert plants that 
are collected fi·om the wild. Sales are currently esti
mated to be $1 million :mnually. Given cbc: slow 
growth of desert planes, this increased demand is caus
ing heightened concern for these plant populations in 
the w ild. 

Pollution can have harmful effects 
on species 

In C hapters 14 and 1.5, we sa'"' how water and air 
pollution harm ecosystems. Threats to biodiversity 
come fi·om toxic com antinants such as pesticides, 
heavy metals, acids, and oil spills. Other contami
nants, such as endocrine disrupters, can have nonle
thal effects that prevent or inhibit reproduction. 
Pollution sources that cause declines in biodiversity 
also include the release of nutri ents that cause algal 
blooms and dead zones as well as thermal pollution 
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that c:m make water bodies too warm fo r species to 
SUrVIVt!. 

[n 2010, f()l' example, an oil platform in the Gulf of 
Mexico owned by BP and named the Deepwater 
Horiz cm e>..'J>Ioded, causing a massive release of oil that 
lasted for several months. As we discussed in Chapter 
14, the release of oil caused a tremendous amount of 
death across a wide range of animal species including 
sea turtles, pelicans, fish, and shellfish. In response.: to 
the massive oil spill, BP released hundreds of thousands 
ofliters of oil dispersant, a chemical designed to break 
up large areas of oil imo tiny droplets that can be con
sumed by specialized species of bacteria. However, the 
dispersant is also toxic to many species of animals. The 
total impact o f the spilled oil and applied dispersants on 
the wildlife of the G ulf of Mexico may not be known 
for many years. 

Climate change has the potential to 
affect species diversity 

We have mentioned climate change in previous chap
ters and w ill discuss it in detail in Chapter 19. As a 
threat to biodiversity, the primary concern about cli
mate change is its effect on patterns of temperature 
and precipitation in different regions of the world. In 
some regions, a species may be able to respond to 

warming temperatures and changes in precipitatio n by 
migrating to a place where the climate is well su ited 
to the species niche. In other cases, this is no t possible. 
For example, in southwestern Australia, a small 
woodland/shrubland peninsula exists on the edge of 
the continent with a much larger area of subtropical 
desert farther inland (see Figure I 2.3 on page 123). 
Scientists expect conditions on the peninsub to 
become drier during the next 70 years. If this occurs, 
many species ofplanrs in chis small ecosystem will not 
have a nearby hospitable environment to which they 
can migrate, since the surrounding desert ecosystc:m is 
already too dry for them. An examination of 100 spe
cies of plants in the area (all fi-om the genus Bnnksia) 
has led scientists to project that 66 percent of the spe
cies will decl ine in abundance and up to 25 percent 
will become extinct. As we will see in C hapter 19, 
many species in the world are expected to be affected 
by climate change . 



REVIEW 

In this module, w e learned that the biodiversity of 
our planet is declining for a number of reasons. 
The primary c:lllses of this decline are the loss of 
habitats and the fragmentation o f habitats that spe
cies need to survive and repro duce. Exo tic species 
are being m oved around th e world \vich the in
creased global movement of people and mate rials. 
Many populations of these exotic species rem ain 
small and cause no discernible harm , but some 
become invasive species that spread qui ckly and 
have harmfu I effects on native species. Overhar
vesting species can cause larger declines in popula
tion sizes and , in some cases , extinction. Current 

Module 60 AP® Review Questions 

l. The most significant cause of species decline and 
extinction throughom the world is 
(a) habitat loss. 
(b) overharvesting. 
(c) pollution. 
(d) climate change. 
(e) invasive species. 

2. Invasive species arc 
(a) usually not a threat to biodiversity. 
(b) rare in island habitats. 
(c) succ{:ssfu l due to a lack of natural enemies. 
(d) mostly specialist species. 
(e) often unable to compete eflectivdy in the new 

environment. 

3. Passenger pigeons were driven extinct pr imarily by 
(a) h:~ bita t loss. 
(b) overharvesting. 
(c) pollution. 
(d) climate change. 
(e) invasive species. 

regulati o n s w ithin and among countries are 
designed to limit harvesti n g to su stainab le levels, 
a lthoug h these regulatio n s are not always su ccess
fully e nforc e d. Tox ic compounds including 
pesticides, h eavy m etals, and spilled oil can also be 
detrimemal to species either by direct lethal effects 
or by alte ring communiti es and e cosyste m s. 
Finally, cl imate change has the potentia l to a lter 
p o pu lati o n s a nd th e lo ng-te rm p ers iste n ce of 
species, but more tim e is needed to dete rmine if 
these pred ictions wi ll co me true. In the next mod
ule, we will examine past and cu rrent efforts to 
conserve biodiversity. 

4. The Lacey Act 
(a) provides protected habitats for a number 

of threatened species. 
(b) forbids the interstJtc shipping ofillegJIIy 

h :~ rvcsrcd phnts and animals. 
(c) provides harvesting quotas and prevems 

overharvesting. 
(d) prevents the spread of invasive species to the 

United Stares. 
(e) gives penalties for polluting ecosystems, 

especially wate r. 

:>. The primary impact of climate change on species 
diversity is expected to be 
(a) an increased number of extreme weather 

events. 
(b) an increased variabili ty in weather. 
(c) decreased precipitation worldwide. 
(d) changes in available habitat because of 

changing temperatures. 
(e) the increased ability of species to 

disperse. 
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The Conservation of 
Biodiversity 

61 
It is important that we consider how to protect and increase biodiversity because of 
the large number of factors that can reduce biodiversity. There are two general 
approaches to conserving biodiversity: the single-species approach and the 
ecosystem approach. In this module, we explore each of these approaches. 

learning Objectives 

After reading this module you should be able to 

• identify legislation that focuses on protecting single species. 

• discuss conservation efforts that focus on protecting entire ecosystems. 

Conservation legislation often 
focuses on single species 

T he single-species approach to conservi ng biodiversity 
focuses o m efforts on one species at a time. When a 
species declines signifi cantly, the natural response is to 
encourage a populatio n rebound by improving the 
conditions in w hich that specit:s exists. This might be 
accomplished by providing additional habitat, reduc
ing the harvest , or reducing the presence of a con
taminant that is impairing survival or reproduction. 
W hen the population of a species has declined to 
extremely lo w numbers, sometimes the rem:tining few 
individuals will be captured and brought into captivity. 
Captive animals are bred with the intention of return
ing the species to the wild. A well- known example of 

Marine Mammal Protection Act A 1972 U.S. 
act to protect declining populations of marine 
mammals. 
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captive breeding occmTed with the C alifornia condor. 
As we discussed in Chapter 6, the condor had declined 
to a mere 22 birds in 1987. Thanks to captive breeding 
and several improvem ents in the condor's habitat, the 
population in 201 3 was more than 400 birds. Programs 
such as these are a m;Uor function of zoos and aquari
ums around the world. 

The Marine Mammal Protection Act 

In the United States, the single-species approach to 

conservatio n formed the foundation of the Marine 
Mammal Proreaiou Act and the E11da11gercd Species Act. 
T he Marine Mammal Protection Act prohjbits the 
kjJJing of all marine manmL<ls in the United Stares and 
prohibits the import or export of any marine mammal 
body parts. OnJy the U.S. Fish and Wildlife Service 
and the N ational Marine Fisheries Service are allo wed 
to approve any exceptions to the act. The act was 
passed in 1972 in response to declining populatio ns of 
many marine mammals, including polar bears, sea 
otters, manatees (Trichcd111s IIWII(Iflls) , and California sea 
lions (Zalopl111s C(t l{fomimtus) {FIGURE 61 .1). 



(a) (b) 

FIGURE 61.1 Protected marine mammals. The Marine Mammal Protection Act protects marine mammals in the United 
States from being killed. (a) Sea otter, (b) California sea lion. (a: fJ.al BemW&W!The Image Worl<s: b: Craig K. Lorelll/Science Source) 

The Endangered Species Act 

In Chapter I 0, we noted that the Endangered Speci~.:s 
Act is a 1973 law designed to protect species frotH 
extinction. This act authorizes the U.S. Fish and 
Wildlife Service to determine which species can be 
listed as thn..:atened species or eudt~ugered species and 
prohibits the harming of such species. including prohi
bitions on the tradt! of listed species. their fur, or their 
body parts. You might recall th:tt e:trlier in this ch:tpter 
we discussed the intem:ttional definitions of thre:ttened 
and near-threatened as used by the IUCN (see 
page 636): T hreatened species have a high risk .of 
extinction in the future and near-threatened spccJes 
nrc very likely to beconw threatened in the future. In 
the U nited Statt::s, :m endangered species is defined 
as a species that is in danger of extinction within the 
fon:seeablc future throughout :1ll o r a significanr por
tion of its range whereas a threatened species is 
dcfint::d as any species that is likely to become an 
endangered species within the foreseeable future 
throughout all or a significant portion of its range. ~s 
you can sec, the U.S. definition of endangered IS 

similar to the imcrnational definition for threatened 
and the U.S. definition of threatent:d is similar to the 
international definition of near-threatened. 

The E ndangered Species Act was fir.;t passed in 
1973 and has been amended several times since then. 
From an international pcr.;pective, the act also imple
ments the international C ITES agreement that we 
discussed in the previous module. T o assist in the con
servation of threatened and endangered species, the act 
authorizes the government to purchase habitat that is 
critical to tht:: conservation of these species and to 
develop recovery plans to increase the population of 
threatened and endangt:rcd species. This is often one 
of the most important steps in allowing endangered 
species to persist. 

In 20 13, the spcdes that have been listed as threatened 
or endangt:rcd in the United States include 227 inverte
brate.: animals, 394 vertebrate animals, and 8 15 plants. 
An additional 2-45 species arc currently being considaed 
for listing, a process that can rake several years. Once 
listed, however, many threatened and endangered spe
cies have experienced stable or increasing populations. 
Indeed, some species have experienced sufficicm 
increases in number.; to be removed from the endan
gered species list; these include . the ~aid eagle 
(FIGURE 61.2). peregrine falcon, Amencan alltgator, and 
the eastern Pacific population of the gray whale 
(Eschricluius rolmstus). O ther species are currently it~ creas
ing in number and may be taken off the .ltst 111 the 
future. T he gr:1y wolf, for example, was re tntroduced 
into Y dlowscone National Park co help improve the 
species' abundance in the United States and it is now no 
longer endangered. 

The Endangered Species Act has sparked a great 
deal of controversy in recent years because it permits 
restriction of catain human activities in areas w here 
list~.:d species live, including how bnd_owners . use 
th~.:ir land. For example, som e constructton proJects 
have been preven ted or altered to accommodate 
thrc:ttt::ncd or enda ngered species. Organizations 
\\'hose activi ties arc restricted by the Endangered 
Species Act often try to pit the .protcctio~ of listed 
spt::cies against the jobs of people m the regiOn. In the 

Endangered species A species that is in danger 
of extinction within the foreseeable future 
throughout all or a significant portion of its range. 

Threatened species According to U.S. legisla
tion, any species that is likely to become an 
endangereq species within the foreseeable future 
throughout all or a significant portion of its range. 
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F 1 G u R E 61. 2 Bringing back endangered species. Habitat 
protection and reduced contaminants in the environment have 
allowed bald eagle populations to increase to the point where they 
could be taken oH the Endangered Species List. (Ron Niebrugge/Aurora 
Photos) 

1990s, for example, logging companies wanted to 
continue logging the old-growth forest of the Pacific 
Northwest. As we discussed earlier in this chapter , 
these forests are home to the threatened northem 
spotted owl and many other species that depend o n 
old-growth forest . Automation had caused a large 
decline in the number of logging jobs over the pre
ceding several decades, and many loggers perceived 
the E ndangered Species Act as a further threat to 
their livelihood. T hey denounced the act because 
they said it placed more value on the spotted owl 
than it did on the humans who depended on logging. 
In the end, a compromise allowed continued logging 
on some of the old-growth forest w hile the rest 
becam e protected habitat. 

During the past decade, several politicians have 
attempted to weaken the Endangered Species Act. 
However, strong support fi:om the public and scientists 
has allowed it to retain much of its original power to 
protect threatened and endangered species. T he big
gest current challenge is a lack of sufficient funds and 
personnel rc::quired to implement the law. 

The Convention on Biological Diversity 

Protection of biodiversity is an international concern. 
l n 1992, world nations came together and created the 
Convention on B iological Diversity, which is an 
international treaty to help protect biodiversity. The 
treaty had three objectives: conserve biodiversity, 

Convent ion on Biological Diversity An 
international treaty to help protect biodiversity. 
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sustainably use biodiversity, and equitably share the 
benefits that emerge fron'l the commercial usc of 
genetic resources such as phannaceutical drugs. 

In 2002, the convention developed a strategic plan 
to achieve a substantial reduction in the worldw ide 
rate of biodiversity loss by 20 tO. The nations that 
signed this agreement recognized both the instmmen
tal and inttinsic values of biodiversity. In 2010, the 
convention evaluated the current trends in biodiversity 
around the world and concluded that the goal had not 
been met. They identified the follow ing trends from 
2002 to 20 l 0: 

• On average, specic::s at risk of extinction have 
moved closer to extinction. 

• O ne-quatter of all plant species are still 
threatened w ith extinction . 

• Natural habitats are becoming smaller and more 
fragmc::n ted. 

• T he genetic diversity of crops and livestock is 
still declining. 

• T here is a widespread loss of ecosystem 
function. 

• The causes of biodiversity loss have either 
stayed the same or increased in intensity. 

• T he ecological footprint of humans has 
increased. 

Collc::ctively, the message emerging from the 
convention is not very positive. From the perspectives 
of genetic diversity, species diversity, and ecosystem 
services, all of the trends during the 8-year period 
continue to move in the wrong direction. 

Some conservation efforts focus on 
protecting entire ecosystems 

Awareness of a potential sixth mass extinction 111 

which humans have played a major role has brought a 
growing interest in the ecosystem approach to con
serving biodiversity. This approach recognizes the 
benefit of preserving particular regio ns of the world, 
such as biodiversity hotspots. Protecting entire ecosys
tems has been one of the major motivating factors in 
setting aside national parks and marine reserves. ln 
some cases, these areas were o riginally protected for 
their aesthetic beauty, bur today th ey are also valued 
for their communities of organisms. The amount of 
protected land has increased dramatically throughout 
the world since 1960. As an example of this increase, 
FIGURE 61.3 shows changes in the amount of protected 
land worldwide since 1900. 
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FIGURE 61.3 Changes in protected land. Since the 1960s, 
there has been a large increase in the amount of land that is under 
various types of protection throughout the world. (Data from Global 

Biodiversity Outlook 2, Convention on Biological Diversity. 2006) 

Whl!n protecting ecosystl!lllS to conserve biodiversiry, 
a mnnber of f.1ctors must be taken into consideration 
including the size :md shape of the protected are:~. We 
must :~lso consider the :~mount of connectedness ro 
other protected areas and how best to incorporate con
servation while recognizing the need for sustain:~blc 
habitat use for human need~. 

The Size, Shape, and Connectedness of 
Protected Areas 

A number of questions arise when we consider pro
tecting :lreas ofland or w:~ter. For example, how large 
should the designated area be? Sho uld we protect :1 
singlc large arc:! or several smaUer ;ueas? Does it matter 
whether protected are:1s arc isolated or if they arc ne:1r 
other protected areas? To help us answer these ques
rions, we can remm to our discussion of the theory of 
island biogeography fi·om Chapter 6. 

As you may recall, the theory o f island biogeogr:~
phy looks at how the size of is l :~ n ds :1nd the distance 
betwee;:n islands and the mainland affect the number of 
species that are present o n different islands. Larger 
islands generally contain more species because they 
support larger popul<ltions of each species, which 
makes them less susceptible.: to extinction. Larger 
islands also cont<lin more species bt:cause they typically 
cont:~in more habitats and. therefore, provide a widcr 
range of niches for d ifferent specit:s to occupy. Th~: 
disrancc between :111 isbnd and the mainland, or 
bctwee;:n one island and :~nother, is :mother crucial f.1c-

tor. since more species arl! capable of dispersing to 
close islands than to islands f.·uther :~way. 

Although the theory of island biogeogr:~phy was 
o riginally applied to oce:~ nic islands, it h:~s since been 
applied to islands of prott:cted :1reas in the midst of 
ll·ss hospi table;: envi ronments. For ex:~mple, we c:1n 
think of all tht: stare and n:~ ti onal parks, natural areas, 
:~nd w ilderness are:~s :1s islands surrounded by cnvi
ronmenrs subject to high levels of human :~ct i vity, 
including :~gricu ltural fields, Jogged forests, ho using 
dcvelopments, and cities (FIGURE 61.4). These arcas 
provide habitats for species :1nd places to stop :~nd 
rest for migr:~ting specics. Applying the theory of 
island biogeogr:~phy from this perspective gives us 
some idea of the b~:s t ways to design :~nd man:~gl! 
protected areas. For example;:, when protccted :treas 
arc f..1r apart, it is lcss likely that species can tr:lvel 
~unong them. This m t:ans that when a species has 
been lost from one ecosystem , it will be harder for 
individuals of th<lt spccies from other ecosystems to 
recolonize it. So \1.rhen we create smaller :1re:~s, they 
should be close enough for species to move among 
them easily. 

Decisions regarding the design of protected areas 
can also be informed by the concept of metapopula
rions. As we learned in Chapter 6, a met:~popul :nion 
is a collection of smaller populations connected by 
occasional dispersal of ind ividuals :~ long habit:lt cor
ridors. Each population flu ctuates somewhat indl!
pcndemly of the other populations :md :1 population 
that declines or goes extinct, duc to a disease for 
example, can be rescued by dispersers from a nt:igh
boring population. So if we set :~side multiple pro
tected are:1s, and recogn ize.: the need for connecting 
habitJt con;dors, a species is more likdy to be pro
tected from extin ction by :1 decim:~ring cvem such as 
a disease or n:~rural dis:~ster that could elimin:lte all 
individuals in a single p rotected area . 

The concepts of ishnd biogeography :-~ncl meta
populations rJise an interesting dilenun:1 for conscrv:~
rion efforrs. If we h:~ve limitcd resources to protect the 
biodiversity of a region, should we protect a ~ingle 

large area or scver:1l sm:~ll areas? A single large area 
would support larger populations. but a species is more 
likely to surYive a disease or naturJI disaster if it occu
pil·s se;:veral different areas. The debate over the best 
:1pproach is known as SLOSS, which is an acronym for 
"single large or several small. ' ' Whik both approaches 
have their merits, in reality. human dcvdopmenr and 
other f.1ctors often me:1n th:lt only one of the rwo 
strategies is avail:~ble. For example, due to hurn:1n 
development of a region. there may simply not be a 
single large area avaibble to protect, so the only avail
:lblc strategy is to protect seve;:ral small areas. A final 
consideration regarding the size and shape of protected 
are:ts is the amount of Cf(l!c !tnbilat that an an:::l conmins. 
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FIGURE 61.4 Habitat islands provide habitat. Central Park is an extreme example of an island of hospitable habitat 
surrounded by an urban environment that is not hospitable to most species. (Micilaet s. Yamashitll/National Geographic Stock) 

Edge habitat occurs where rwo diffe rent communi
tics come together, typically fom1ing an abrupt transi
tion, such :~s where a grassy field mel!ts a forest. W hile 
some species will live in either field or forest, od1t!rs, 
like the brown- headed cowbird, specialize in living at 
the forest edge. So another challenge of protecting 
many small areas is the comparatively larger amount of 
edge habitat. When we protect several sm:~ IJ forests, 
for example, thl! proliferation of species such as the 
cowbird in this b rger amount of edge habitat can have 
a detrimental effect on songbirds that typically live 
f.·mher inside a forest. 

Biosphere Reserves 

In C hapter 10 we saw thar managing national park_~ 
and other protected areas so they serve multiple users 

Edge habitat Habitat that occurs where two dif
ferent communities come together, typically form
ing an abrupt transition, such as where a grassy 
field meets a forest. 

Biosphere reserve Protected area consisting of 
zones that vary in the amount of permissible 
human impact. 
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can be a challenge. W hile we want to make places of 
great natural beauty available ro everyone, when large 
numbers of people use an area for recreation, at least 
some degradation is very likely. T o address this prob
lem, the United Nations Educational, Scientific and 
C ultural Org:1nization (UNESCO) developed the 
innovative concept of biosphere reserves. Biosphere 
reserves are protected areas consisting of zones that 
vary in the amount of permissible human impact. 
T hese reserves protect biodiversity without excl uding 
all human activity. FIGURE 61.5 shows the difle renr 
zones in a hypothetical biosphere reserve. The central 
core is an area that receives minimal huanan in1pact 
and is therefore the best location for preserving biodi
versity. A buffer zone encircles the core area. Here, 
modest amounts of human activity are permitted, 
including tourism, environmental education, and sci
entific research faci lities. Farther out is a transition area 
containing sustainable logging, sustainable agriculture, 
and residences for the local human population. 

Designing reserves with these three zones rt!pre
sents an ideal scenario. In reality, biosphere reserves 
can take many forms depending on their location, 
though all attempt to maintain low-impact core areas. 
As of 2013 tb erl! are 6'10 biosphere reserves 
worldwide-47 in the United States- with a total of 
I '17 nations participating. 



Core Zone 

Buffer Zone 
Recreation 
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FIGURE 61. 5 Biosphere reserve design. Biosphere reserves ideally consist of core areas that have minimal human 
impact and outer zones that have increasing levels of human impacts. 

One well-known biosphere reserve is Big Bend 
National Park in Texas. The park itself serves as th e 
core area and receives rel:nively little human impact. 
although hikers are permitted to walk through the 
be:llltiful desert bndscapes and tree-covered moun
tain peaks. The park conrains severaJ dozen threat
ened :md endangen:d plant and :mimal species . lt 
also conta ins more than I ,000 species of plants and 
400 species of birds, many of w hich pass thro ugh 
the Big Bend region during their annual spring and 
f.1ll nugratio ns. Outside the boundaries of the park 
is a region of increased human impact including 
to urist facilities. human serdemenrs. and agriculture 
(FIGURE 61 .6) . 

F 1 G U R E 61 . 6 Biosphere reserve. Big Bend National Park, 
located in southwest Texas. serves as a low-impact core area of the 
Big Bend biosphere reserve. (Tom Ti!VAJamy) 

MODULE 61 • The Conservation of Biodiversity 655 



REVIEW 

In this module:, we learned that efforts to conserve bio
diversity focus o n either single species or entire ecosys
tem s. T he single-species approach is often the approach 
takeu by conservation legislation . In the United States, 
ingk·-species legislation includes rhe M arine M ammal 
Prot<.:ction Act and the E ndangered Species Act. lnrer
natio nally, there arc treatie;:s chat protect species, includ
ing C IT ES and the C onvemion on Diolog icaJ D iversity. 

Module 61 AP® Review Questions 
l. T he Marine Mammal Protection Act 

(a) allows states to make exceptions regarding the 
killing of marine mammals. 

(b) was passed pr imar ily to protect whales. 
(c) prohibit the kill ing of :til marine mammals. 
(d) allows the import of marine mammal body parts. 
(e) protects sharks as well as marine mammals. 

2. Which is NOT true ofrhc Endangered Species Act? 
(a) lr is an example ofrhc single-species appruach to 

con crvacion. 
(b) It prohibits the hu nting or harvesting of some 

listed ~pe;:cics. 
(c) It includes the dcvelopmenr of recovery plans for 

listed species. 
(d) It uses a diflcrenr ddinition for threatened than 

the IUC N. 
(e) It has resul ted in the de listing of several species 

after successful population growth. 

3. Problems with protecting many small habitats include 
I. increased proportions of edge habitats. 
II. increased dispersal between populations. 
I II. the need for corridors between some protected 

species. 

(a) I only 
(b) I and Jl[ only 
(c) II only 
(d) II and Jl[ only 
(e) l ll only 
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A number of conservation efforts h ave focused on pro
tecting entire ecosystems by considering the concepts 
ofisland biogeography and metapopulations. To reach a 
compromise bl!twecn complete pro tection , on the o ne 
hand, and hum an use ofhabitars, on the o ther, scientists 
have developed the concept of biosphere reserves in 
which core areas receive greater protection wh ile outer 
areas are allowed co have susta inable impacts. 

4. W hich is a trend identified by the Convention on 
13iological 0 ivcrsit:y bl!twecn 2002 :md 201 0? 
(a) Over h:llf of threatened species have moved 

away from extinction. 
(b) Very few plane spccies are at r isk of 

extinction. 
(c) T he genetic diversity of crops is increasing. 
(d) Marine species arc affected most by recent 

biodiversity lossc . 
(c) T he luuuau cculugical foutprim has 

increased. 

5. According to the.: theory of island biogeography 
(a) when conservation areas are close to each other. 

more species will persist. 
(b) species on i ~lands r:u· fi·om the mainland are at 

the least risk of extinction. 
(c) multiple small conservation areas will protect 

specie better than one large :1rea of the same size. 
(d) conservation areas should be connected with 

corridors co increase migration. 
(e) edge habit:~t is important to protect for increased 

dh·ersiry. 



working toward sustainability 
Swapping Debt for Nature 

Preserving biodiversity is expensive. A case in point is 
the money required to set aside te rrestrial or aquatic 
areas for protection. As an example, if the land is pri
vately owned, it must be purchased. Indirect costs can 
also be high. Not using the land, water, or other natu
ral resources--such as wood materials, metals, and fos
sil fuels-results in lost income. Finally, the costs of 
maintaining the protected area can be prohibitive, 
ranging fro m monitoring the biodiversity to hiring 
guards to prevent illegal activities such as poaching. 
Given the f.1ct that preserving biodiversi ty is ex'Pensive, 
how can the developing nations of the world, which 
conr.1in so mu ch biodiversity but have such little 
wealth , afford it? 

In 1984, Thomas Lovejoy fi·om the World Wildlife 
Fund came up with an idea that would help protect 
large areas of land but at the same time improve the 
economic conditions of developing countries. Lovejoy 
observed that developing nations possessed much 
biodiversity but \>vere often deep in debt to wealthier, 
developed countries. Developing countries bon·owed 
brge amounts for the purpose of improving economic 
conditions and political stability. While the developing 
countries were slowly repaying their loans with interest, 
some had fallen so fa r behind on these payments that it 
seemed unlikely the loans would ever be repaid in full. 
These debtor countries had little money left over for 
investment in an improved environment after they had 
paid their loans to developed countries. Lovejoy consid
erl.!d til e.! possibility that the wealthy countries might be 
willing to let debtor natiom swap their debt in exchange 
for investing in the conservation of the biodiversity of 
the debtor nations. 

The " debt-for-nature" swap has been used several 
times in Central and South America. In these swaps, 
the United Stares government and prominent envi
ronmental organizations provide cash to pay down a 
portion of a country's debt to the United States. The 
debt is then transfen ed to environmental org:111izations 
within that country with the debtor government mak
ing payments to the environmental organjzations 
rather than to the United States. This does not mean 
that the country is out of debt, just that it now sends 
its loan payments to the envirorm1ental organizations 
for the purpose of protecting the country's biodiver
sity. In short, the indebted country switches from 
sending its money out of the country to investing in its 
own env1ronmental conservation . 

One of the largest debt-for- nature swaps recently 
happened .in the C entral Ameri can country of 
Guatemala. T he United States government paired 

with two conservation organizations to provide 
S 17 millio n to G uatemala. O ver a period of 15 yt:ars, 
this amount, \Vith interest, would have grown to more 
than S24 millio n, or abour 20 p ercent of Guatemala's 
debt to the United States. In exchange, G uatemala 
agreed to pay $24 miJlion over 15 years to improve 
conservatio n efforts in four areas o f the country. 
including the purchase of land, the prevention of ille
gal logging, and future grants to conservation organi
zations h elping to document and preserve the local 
biodiversity. The four areas include two ecosystems
mangrove forests and tropical forests. Each forms a 
core area within a biosphere reserve that contains a 
large number o f rare and endangered species including 
the jaguar (Pa11tltcm 011ca). More than twice the size of 
Y dlowstone N ational Park in the United States, this 
reserve oflc rs important protection to biodiversity 
while also preserving historic M ayan temples that are 
part of Guatemala's cultural heritage and allowing sus
tainable use of some of the forest by local people. 

Since the program bef,~n in 1998, the United States 
has used the debt-for-nature swap to protect tropical 
forests in 15 co untries fro m Central America to the 
Philippine~. To take part in the swap program, the 
countries are required ro have a democratically elected 
government, a plan for improving their economies, and 
an agreement to cooperate vvith the United States on 
issues related to combating drug tr:~ fficking and te rror
ism. The results of these agreements have been encour
aging. l n Belize, for example, a debt- for-nature swap 
allowed 9,300 ha (23,000 acres) to be protected and an 

Swapping debt for nature in Guatemala. The Maya Biosphere 
Reserve is one of four areas of Guatemala that will be better pro
tected under an agreement between the governments of the United 
States and Guatemala as well as several conservation organizations. 
(Rob Cralldaii/TIJe Image WorkS) 
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addirional1 09,000 ha (270,000 acres) to be managed for 
conservation. fn Peru, a $10.6 million debt- for-nature 
sw:1p led to the protection of more than 1 I million ha 
(27 mimon acres) of tropical forest. Although these 
an:mgements are only currently being applied to tropi
cal forests, there is no inherent reason that this unique, 
modern-day conservation strategy would not also work 
in many other developing countries around the world. 

Critical Thinking Questions 
1. ln debt- for-nature swaps, why might the United 

States require that developing countries receiving 
such assistance have a plan for improving their 
economies? 

REVIEW 

In this chapter, we exam.ined the state o f the world's 
biodiversity. We learned that the genetic diversity of 
many wild and domesticated populations has declined 
substantially over the past century. In addition , the spe
cies diversity of most major taxonomic groups has also 
declined, with large proportions ofbirds, manm1als, and 
amphibians being threatened or near-threatened. These 
declines in species diversity also lead to declines in the 
intr insic and instrumental values of ecosystems. The 

I Key Terms 

Alien species 
Invasive species 
Lacey Act 

2. How might the debt-for-nature program promote 
the goals of the Convention on l3iological Diversity? 
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causes underlying these declines in diversi ty are wide
ranging and may include any combination of habitat 
loss, intrusion of exotic species, overharvesting, pollu
tion, and climate change. While legislation to reverse 
these declines has focused on single species, co nserva
tion eflorts have applied the concepts of metapopula
tions, island biogeography, :md biosphere reserves to 
protect large areas of habitat and thereby protect large 
ecosystems. 

Endangered specie.s T hreatened species (JUCN) 
Near-threatened species 
Least concern species 
Intrinsic value 
Instrumental value 
Provision 

Convention on international Trade 
in Endangered Specit's of Wild 
Fauna and Flora (CIT ES) 

Threatened species (U.S.) 
C onvention on Biological Diversity 
Edge habitat 
Biosphere reserve 

Native species R ed List 
Exotic species Marine Mammal Protection Act 
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I Learning Objectives Revisited 

Module 59 The Sixth Mass Extinction 

• Explain the global decline in the genetic 
diversity ofwild species. 
Declines in the abundance of individuals in a popu
latio n can lead to reductions in genetic diversiry 
that cause inbreeding depression. lnbret.:din g 
depression can cause offspring to inherit two copies 
of a harmful mut."'tion and experience reduced 
survival and reproductio n. 

• Discuss the global d ecline in the genetic 
diversity of domesticated species. 
Humans have bred a wide varie ty of domesti
cated plants and animals, but in recent decades 
farmers have focused on the most productive 
varieties and many of rhe o tl11.:r varieties have 
disappeared over time. Such reductions in genet
ic diversity limit the options available to respond 
to new diseases o r chang ing environmental 
conditions. 

• Identify the patterns of global decline in 
species diversity. 
Of the estimated I 0 million species on Earth, only 
about 50,000 have been as esscd to detem1ine 
whether their populations arc increasing, stable, or 
declining. In examining those groups with the most 
complete dam, scientists have found that every 
group has a substamial percentage o f species that are 
threatened or ne;~r-threatened. 

• Explain the values of ecosystems and 
the global d eclines in ecosystem 
func tion. 
Ecosystems can have intrinsic values, which are 
independent o f any benefit to humans, or they can 
have instrumental values, which provide a benefit 
to humans and can be assigned a monetary value. 
Instrumental values include provisions, regulating 
services, support systt:ms. n:silience, and cultural 
services. Recem assessments of ecosyswm function 
have found that mo re than half of those assessed are 
either declirting or used at a rate that cannot be 
sustained. 

Module 60 Causes of declining 
biodiversity 

• Discuss how habitat loss can lead to declines 
in species diversity. 
Tht' loss of habitat m eam that fewer individuals can 
be sustained in the habitat that remains. Smaller 
populations can then sutler f:i·om inbreeding depres
sion. A reduction in habitat can also prevenr the 
normal migration of species to important seasonal 
habitats and cause increased interactions with other 
species that have negative effects. 

• Explain how the movement of exotic species 
affects biodiversity . 
Exotic species arc those that an: moved to new parts 
of the world wht're they are not native. Some of 
these species spread rapidly in their new locations 
and caust' the demise o f native species either as 
competito rs, predators, herbivores, or pathogens. 

• Describe bow overharvesting causes declines 
in populations and species. 
Q ,·erharvcsting plants and animals at rates that exceed 
the production of new individuals can cause popula
tion declines and even extinctions. Many of these 
extinctions have occurred due to llll.ref:.'lllated harvest
ing in the past. However, in most parts of the world, 
governments have imposed harvest regulations co 
ensure that harvests occur in a sustainable manner. 

• Understand how pollution reduces 
populations and biodiversity. 
Some polluranrs can have direct lethal effects on spe
cies. Many other pollutants. however, can have sub
lethal effects that prevent or inhibit reproduction or 
alter ecosystems in ways that indirectly harm species. 

• Identify how climate change affects species 
diversity. 
C liman.: change has the poremial to alter the distJibu
tion of environmental conditions around the world. 
When conditions change and species are unable to 
move to more hospitable condition.~, scientists predict 
that these species will either decline in abundance or 
go extinct. 
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Module 61 The Conservation of 
Biodiversity 

• Identify legislatio n that focuses on protecting • 
sin gle species. 
The primary pieces of legislation in the United 
St~ltes tO protect species arc the Marine Mammal 
Protection Act and the Endangered Species Act. 
Internationally, nations created tht: Convention on 
Biological Diversity in order to conserve biodiver
sity, to usc biodiversity sustainably, and to share 
egu it:lbly the benefits that emerge from the 
commerc ial usc of biodiversity. 

Discuss conserva tion effor ts that focus on 
protecting en tire ecosystem s. 
T he re has been a continual increase in the amo unt 
of aquatic and terrestrial habitats that have been 
protected around the world. When preserving such 
habitats, scientistS consider the size, shape, and con
nectedness of these habitats as well as the presence 
o f edge habitars. They have also incorpor.lted the 
need to balance human use and habitat protection 
by designing biosphere reserves. 

I Chapter 18 AP® Environmental Science Practice Exam 

Section 1: Multiple-Choice Quest ions 

C!loose r!le besr n11s111er.for questious 1-1 /. 

I. Which is a cause of declinjng global biodiversity? 
r. Pollution 
fl . Habitat loss 
Ill. Overharvesting 

(a) [ 
(b) l and 11 
(c) r and [)( 
(d) ll and Ill 
(c) I, ll,and Ill 

2. Which stat.emcm about global biodiversity is 
correct? 
(a) Species diversity is decreasing bur generic 

diwrsity is increasing. 
(b) Species diversity is decreasing and genetic 

diversity is decreasing. 
(c) Species diversity is increasing but genetic 

diversity is decreasing. 
(d) D eclines in genetic diversity arc occurring in 

wild plants but not in crop planr~. 
(c) D eclines in genetic diversity arc occurring in 

crop plants but not in wild plants. 

3. Which group of animals is declining in species 
diversity around the world? 
I. Fish and amphibians 
II. Birds and reptiles 
Il l. Mammals 

(a) 
(b) I and II 
(c) I and Ill 
(d) II :md Ill 
(c) I. II . and ll/ 
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4. Which of the following species was hjsto rically 
overh a n·ested? 
(a) Brown-headed cowbird 
(b) Honeybee 
(c) Kudzu vim: 
(d) Dodo bird 
(e) Zebn mussel 

5. Which statement is NOT correct regardjng rhe 
genetic diversity oflivesrock? 
(a) The use of only the most productive breeds 

improves genetic diversity. 
(b) Livestock come from very few species. 
(c) The genetic diversity oflivestock has declined 

during the past century. 
(d) Different breeds arc adapted to differe nt climatic 

conditions. 
(e) Different breeds nrc adapted to resist different 

diseases. 

6. \Vhich statement is NOT con-ecr about invasive 
exotic species? 
(a) Their popubtions grow rapidly. 
(b) T hey often have no major predators or 

herbivores. 
(c) Most inrroduced species become established in 

new regions. 
(d) A_ well-known inv:tsivc exotic plant is the kudzu 

vme. 
(c) A well-known invasive exotic animal is the zebra 

mussel. 



7. Which is an example of the single-species appro:tch 
to conservation? 
I. The End:tngert!d Spl!cies Act 
II. The Marine M:tmmal Protection Act 
Ill. The Biosphere R eserve 

(a) I 
(b) I and II 
(c) r :md Ill 
(d) I l and lll 
(e) I, H,and In 

8. Which is NOT an example of how the Endangered 
Species Acr can affect human activities? 
(a) It has been used to prevent new construction. 
(b) It has prevented logging in particular areas. 
(c) It prevents the killing oflisted species. 
(d) It prevents the trade of any parts ofl istc::d species. 
(c) It preven t<; human usc ofbiosphcrc reserves. 

9. Which principle ofisl:md biogeography is NOT 
correct? 
(a) A larger protected area should contain more 

species. 
(b) Protected areas that arc closer together should 

contain more species. 
(c) National parks can be thought ofJs islands of 

biodiversity. 
(d) A larger protecrcd :m:a will have fewer habitats. 
(e) Marine reserves can be thought of as islands of 

biodiversity. 

I 0. In a biosphere reserve 
(a) sustainable agricul ture and tourism are permitted 

in different zones. 
(b) human activities are allow~-d throughout the reserve. 
(c) human activities arc restricted to the cenrral core 

of the reserve. 
(d) no human activities arc permitted jn a biosphere 

reserve. 
(c) sustainable agriculture is permitted, but tourism 

is not. 

I I. Which statement is correct regarding swapping debt 
for nature? 
(a) Protecting land and water is rypicaUy not 

expensive. 
(b) Developing countries can pay part of their debt 

by investing in their own environment. 
(c) Developing countries p:ty their debt to rhe;: 

United States by investing in U.S. nationaJ 
parks. 

(d) Having a plan to improve the economy of a 
developing country i~ not important. 

(e) The only expense of protecting biodh·ersity is 
the purchase of an area. 

Section 2: Free-Response Questions 

11Vrite your aHswer to each part clearly. Support your 
answers with relevant ilifcmnntiou a11d examples. ltfllwrc 
calculations are required, show your work. 

I . The conservation of biodiversity is an internarion:-11 
problem. 
(a) Name and describe one U.S. law that is 

intended to prevent the extinction of spccit:s. 
(4 poiurs) 

(b) Name and describe one international treaty that 
is intended to prevent the e":tinction of species. 
(4 points} 

(c) E:,:plain the benefits of taking an ecosystem 
approach, as opposed to a single-species 
approach, to conserving biodiversity. 
(2 points) 

2. Tropical rainforests are home to a tremendous 
diversity of species. You h:we been asked to develop a 
plan to protect this diversity. 
(a) Describe the advantages and disadvanrages of 

protecting a single large area versus severaJ small 
areas. (2 points) 

(b) How might increasing the amount of edge 
habitat affect species that typically live deep in 
the forest? (3 points) 

(c) Discuss the merits of preserving individual 
species that :Ire threatened and endangered versus 
preserving the function of the ecosystem. 
(3 points} 

(d) Describe three characteristics of organisms that 
would make them p:1rticularly vulnerable to 
ex-tinction. (2 points) 
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