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The present rate of species loss projects that half of all existing plant, animal, and
microbe species on Earth will become extinct by the end of this century (Myers,
2003a; Wilson, 2003). This projected high rate of extinction due to human activities
is alarming because many of these organisms are vital to the safe and produc-
tive function of ecological systems that sustain our planet and the global economy
(Dirzo and Raven, 2003). Indeed, agricultural productivity and public health
depend on the activities of diverse natural biota. From 10 to 50 million species of
plants, animals, and microbes fulfill the ecological needs on Earth (Pimm et al.,
1995; Pimm, 2002).

Although efforts to curb the loss of biodiversity have intensified in recent years,
we have not been effective in countering the accelerating human population growth
and the increasing destruction of natural habitats. The introduction of alien invasive
species throughout the world continues to alter and damage natural and managed
ecosystems (Pimentel, 2002). Moreover, additional complementary strategies are
needed to protect small organism species, such as insects, bacteria, and fungi, which
are essential to the structure and function of natural ecosystems (Wilson, 1987
Price, 1988; Soil Organisms, 2004).

Establishing national parks has been the prime focus of world biological
conservation. Often overlooked but equally vital is the protection of biological diver-
sity existing in our vast agricultural and forest ecosystems, as well as within human
settlements (Pimentel et al., 1992; Daily et al., 2001; Ricketts, 2001; Vandermeer,
et al., 2002; Homer-Devine et al., 2003). Together these cover approximately 78% of
productive terrestrial ecosystems (AAAS, 2001).

In this chapter, we examine the necessity of species diversity in maintain-
ing healthy and productive ecosystems as well as specific threats to biodiversity.
The goal is to identify ecological strategies and policies that help enhance the
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conservation of biological diversity in natural, agricultural, forest, marine, and natu-
ral ecosystems.

CAUSES OF REDUCED SPECIES DIVERSITY

Over the past billion years, the natural processes of adaptation and diversification
have tended to increase the number of species. However, especially over the past
several centuries, the rapid escalation of human numbers (PRB, 2003) and the move-
ment of humans into wild areas have resulted in a major and continuous decline in
species diversity (Wilson, 1988; Novacek, 2001).

The rapid disappearance of animal and plant species is clearly illustrated in
Britain. Thomas et al. (2004) report that butterfly species have declined 71% during
~20-year period, bird species declined 54% over 20 years, and native plants species
showed a 28% decline over 40 years.

In developed countries, the use of natural resources is 100—600 times more
per capita than in developing countries (Conservation Issues, 2003; Pimentel and
Pimentel, 2003). Even where progressive laws and land preservation efforts exist, the
increasing demands of humans and their industries undermine biodiversity preserva-
tion and the value of various ecosystems (Machlis and Tichnell, 1985; Pimentel and
Pimentel, 2003).

When the demand for resources necessary for sustaining the increasing human
population exceeds what is available, the result is increasing malnutrition and stress.
More than 3 billion people are currently malnourished worldwide—facing shortages
of calories, protein, vitamins A, B, D, and E, iron, and iodine (WHO, 2000). This is
the largest number of malnourished people in history.

DEFORESTATION AND DESTRUCTION
OF NATURAL HABITATS

Tropical forests occupy only 6.5% of the world’s terrestrial ecosystems, but are home
to about 70% of the world’s species (N. Myers, personal communication, Oxford
University, 2004; Pimm, 1991, 2002; Pimm and Brown, 2004). To date, humans
have destroyed more than half of the world’s tropical forests. For example, two-
thirds of the forest area in Central America has been converted to agriculture for
livestock production (Robbins, 2001; Rainforest, 2003). About 19 million ha of
forests (about the size of Florida) are destroyed each year worldwide (World Bank,
2002), and approximately 60% of this deforestation is due to the conversion of for-
ests to agricultural lands to maintain fiber and food production (Earthscan, 2002;
Deforestation, 2003).

The destruction of even one tree species can have cascading effects resulting
in significant losses of species, because up to 1000 arthropod species, including
parasites and predators, may be associated with that single tree species (Erwin,
1983). Also, approximately 30 associated animal and microbe species die out for
every plant species that becomes extinct (Edwards, 1998).

Equally disturbing to the loss of plant species is the rapid loss of crop genotypes
now occurring. Crop genotype diversity is vital to farmers in different climatic and
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regional conditions, as they encounter different complexes of pest insects, weeds,
and plant pathogens (James, 1999).

SoiL EROSION AND SALINIZATION

Each year an estimated 10 million ha of cropland worldwide are abandoned due
to lack of productivity caused by soil erosion (Faeth and Crosson, 1994). Another
10 million ha/year are critically damaged due to salinization, in large part as a result
of irrigation or improper drainage methods (Thomas and Middleton, 1993).

Erosion rates on cropland in Asia, Africa, and South America average 30—40 t/ha/
year (Taddese, 2001). In some regions, like Ethiopia, erosion rates on cropland may
average as high as 100 t/ha/year (Taddese, 2001). While the current rate of soil ero-
sion from cropland in the United States is less than in many developing countries, it
is still about 10 t/ha/year, which is 10 times faster than the soil formation rate (NAS,
2003; Uri, 2001). The economic cost of erosion in the United States is estimated at
about $38 billion per year (Uri, 2001), while for the rest of the world economic losses
are estimated to be $400 billion per year (Myers, 2003b).

The first component of the soil loss, due to erosion by rainfall and wind, is soil
organic matter. This loss directly reduces the biomass of soil, vital to the survival of
plants, animals, and microbes. In addition, the reduction of soil depth can hinder or
totally destroy the land’s productivity (Uri, 2001).

In streams and lakes, the eroded sediment clouds water, reduces sunlight, and
kills fish and other biota (Ontario, 1987; Uri, 2001). Also, the addition of nitrogen,
phosphorus, and other nutrients to waterways may increase “undesirable” algae and
other aquatic weeds and cause oxygen shortages (hypoxia), making the water inhos-
pitable to fish and other animal species (USDA, 1999). For example, approximately
40% of U.S. fresh water is deemed unfit for recreational or drinking water uses
because of erosion-induced contamination with dangerous microbes, pesticides, and
fertilizers (UNESCO, 2001).

Finally, a growing number of acres are sacrificed to urban and economic
development. Presently, nearly 16 million ha of U.S. land are devoted to roads and
parking lots (Brown, 2001). Each person requires 0.4 ha of land for urbanization and
highways (Anok and Peace, 2003), plus 0.5 ha of cropland, and 1.8 ha for pasture
and forests (USDA, 2002). As the human population expands, so do the number of
hectares required for economic development.

ALIEN BioLoGicAL INVADERS

Rapid human population growth and loss of natural habitats are reducing species num-
bers, but equally important are biodiversity losses due to the invasions of alien bio-
logical species (Pimentel et al., 2000; Sala et al., 2000; Pimentel, 2002). To date, more
than 50,000 alien invasive species have been introduced into United States, and some
are causing more than $120 billion in damages and control costs each year (Pimentel
et al., 2005a). Harmful competition, predation, and parasitism from invasive species
are causing an estimated 40% of all native species extinctions in the United States and
forcing other native species to become endangered or threatened (Pimentel, 2002).
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Human activities are facilitating the introduction of alien species and removing
native vegetation in natural ecosystems for crops, livestock, and urbanization, and
thereby contributing to the decline in species diversity (Tuxill, 1999; Henry, 2001;
Pimentel, 2002).

CHEMICAL POLLUTANTS

Globally, one of the major factors causing species loss is the growing presence of
chemicals throughout the world (Environmental Threats, 2003; Do or Die, 2003).
Humans worldwide use 100,000 chemicals. More than 500,000 kg of synthetic pes-
ticide chemicals are applied annually for U.S. agriculture, public health, and other
purposes (Pimentel, 1997). Even the recommended use of pesticides destroys many
beneficial species each year. Pesticide use in U.S. agriculture, for instance, kills more
than 72 million adult birds each year, damages a half million colonies of honey bees,
and is equally hazardous to wild bees (Pimentel, 2005). Additionally, some pesticides
wash into streams and lakes, destroying fish and other aquatic organisms (Pimentel,
2005). In addition to animals, there are 300,000 human poisonings with 45 deaths in
the United States and 26 million human poisonings worldwide with 220,000 deaths
(Pimentel, 2005).

MARINE ECOSYSTEMS AND AQUACULTURE

Although studies most often focus on loss of terrestrial biodiversity, the oceans
and other aquatic ecosystems are also suffering tremendous species losses.
The Food and Agricultural Organization (FAO, 2003b) estimates that 47% of
the world’s fishery stocks are fully exploited and 28% are overexploited.
Today, the estimated biomass of large predatory fish is only 10% of preindustrial
levels (Myers and Worm, 2003), and marine foodwebs have significantly changed
(Pauly et al., 1998). Although pollution, climate change, and invasive species
threaten marine ecosystems, the fishing industry exerts the greatest pressure,
even though fish make up a relatively small part of the world’s human diet (0.01%
of calories or 16% of animal protein (FAO, 2002a)). In seeking target fish for
harvest, many nontarget fish are caught and destroyed. For every kilogram of
shrimp harvested, 8-9 kg of “trash” fish are mangled and discarded as bycatch
(Earle, 1995).

Some suggest that aquaculture will replace ocean fishing. Already, aquaculture
is supplying nearly 30% of the world’s fishery products (FAO, 2003b). However,
overlooked is the fact that the production of aquaculture fish requires the harvest-
ing of ocean fish. For instance, each kilogram of farm-fed salmon requires from
3 to 5 kg of ocean fishmeal (Goldberg et al., 2001). In this way, aquaculture is putting
additional pressure on ocean fisheries rather than reducing pressure.

About two-thirds of fish species have an early stage of development in coastal
wetlands (Ramsar, 2000). Thus, when coastal wetlands are drained or destroyed, fish
production is seriously affected.

There are also economic consequences of reduced marine biodiversity. For
example, if a fishery collapses, thousands of fishermen may lose their jobs. This
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happened in 1992 when 40,000 fishermen on the eastern coast of Canada lost their
jobs because of the collapse of cod fishery due to overfishing (Harder, 2003).

GrosAL CLIMATE CHANGE

Many birds and insects have already extended their distributions northward or
to higher altitudes, mainly attributed to global warming. In response to climate
change, many species in the 25 biodiversity hotspots will be forced to extinction
(Myers, 2003b). In the coming decades, projected global climate change could
seriously damage the world’s species (Hansen et al., 1996; WRI, 2002). Moreover,
many species, like trees, may not be able to change their distributions rapidly
enough to keep up with the changing climate (Krajick, 2001, 2004; WRI, 2002). The
World Conservation Union projects global warming may threaten 37% of the world’s
species by 2050 (Thomas et al., 2004).

Marine ecosystems are also at great risk due to climate change. For instance,
even mild increases in ocean temperatures cause major epidemics of coral bleaching.
Such increases in 1998 resulted in a loss of one-sixth of the world’s coral colonies
(Goreau et al., 2000; Earthscan, 2002; Dennis, 2002).

BIOLOGICAL DIVERSITY

Although about 90% of the global food supply today comes from 15 plant and
8 animal species (Pimentel and Pimentel, 1996), throughout history people have used
as many as 20,000 plant species for food, out of the more than 80,000 species that
could be utilized (Vietmyer, 1995; Tuxill, 1999). Humans obtain 99% of their food
and all of their wood products by harvesting them from 70% of terrestrial temperate
and tropical ecosystems (Pimentel et al., 1999; AAAS, 2001). Of the Earth’s terres-
trial area, approximately 11% is devoted to cropland, 37% to pasture land, 30% to
forests, and about 5% to urbanization and highways (UNESCO, 2002; AAAS, 2001;
Wiebe, 1997). The remaining 17% consists of unproductive areas, including moun-
tains and deserts. Overall, most species are located on land area that is maintained
for agriculture, forestry, and human settlements (Western and Pearl, 1989; Pimentel
et al., 1992; FAO, 2004). Therefore, major efforts should be made to conserve the
many species that now exist in these extensive managed, terrestrial environments
(Paoletti, 1999a).

Current data suggest that 10-50 million species exist on Earth (Pimm et al.,
1995). Most of what is known about biodiversity pertains to large plants and ani-
mals, such as flowering plants and vertebrates. The extent of the diversity of small
organisms like bacteria, fungi, insects, mites, and other minute organisms remains
relatively obscure. The United States is home to an estimated 750,000 species, of
which small organisms, such as arthropods and microbes, comprise 95% (Pimentel
et al., 1992; Dorworth, 2002).

In temperate crop ecosystems, the numbers of arthropod species range from
600 to 1000 species per hectare, while an estimated 20,000 bacteria species may
be present in a favorable soil habitat (Table 16.1). Worldwide, arthropods make up
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TABLE 16.1

Plant, Animal, and Microbe Species and Biomass Potential in
a Favorable Soil Ecosystem with Ample Soil Organic Matter
and Moisture

No. Species/ha Sources kg/ha Sources
Bacteria 20,000 ab 3.000 a
Fungi 50 a 3.000 c
Algae 5 d 100 c.e
Protozoa 60 a 100 c
Nematodes 30 a 50 c
Earthworms 15 a 3.000 af
Mites 114 g 10 a
Collembola 70 a 3 c
Enchytraeids 22 a 70 a
Termites 60 a 30 a
Ants 40 a 100 a
Isopoda 4 a 1 h
Beetles 46 i 70 a
Diptera 10 a 400 a
Arachnida 62 i 400 a
Total

2 Lavelle and Spain (2001).

> Wayne et al. (1987).

¢ Metting (1993).

4 Masyuk (2002).

¢ Alexander (1977).

T Edwards and Bohlen (1996).
2 Osler and Beattie (2001).

" Thimmayya (1998).

i Rushton et al. (1989).

the majority (~90%) of multicellular species. To illustrate, in a tropical forest in
Uganda, on 80 trees of just two tree species, a total of 1352 beetle species were
identified. In Borneo on 10 trees, a total of 2800 arthropod species were reported
(Table 16.2). Arthropods and microbes, such as bacteria and fungi, contribute large
amounts of biomass and large numbers of species to soil, crop, and forest ecosystems
(Tables 16.1 through 16.3).

Marine ecosystems also have an abundance of species. For instance, 1 L of sea-
water may contain from 100 to 1000 species of bacteria (Fred Dobbs, Old Dominion
University, personal communication, 2004). On coral reefs, for example, it is esti-
mated that only 10% of the species have been described; over one million species
are thought to inhabit these ecosystems making reefs rivals of rainforests in terms of
diversity (Thorne-Miller, 1999).
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TABLE 16.2

Arthropod Biodiversity in Various Ecosystems

Ecosystem Location
Alfalfa (per ha) New York
Corn (monoculture) Minnesota
Cotton (monoculture) Arkansas
Pasture (per ha) Britain
Two tree species

(80 trees) Uganda (beetles)
Forest tropical

(10 trees) Borneo

S

Pimentel and Wheeler (1973).
Warters (1969).

¢ Whitcomb and Godfrey (1991).
4 MacFadyen (1961).

‘Wagner (2003).

Stock (1988).

-

o

-

Arthropod
Species Source
600 a
600 b
600 c
1.000 d
1352 e
2800 f

TABLE 16.3

Biomass of Various Organisms per Hectare in a Temperate-

Region Pasture

Organism

Plants
Fungi
Bacteria
Arthropods
Annelids
Protozoa
Algae
Nematodes
Mammals
Birds

2 Estimated.

b Richards (1974).

¢ Metting (1993); Alexander (1977).

4 Walter (1985); Xerces Society (2001).

Biomass
(kg fresh weight)

20,0002
4000°
30000
10002
13200

3800
100¢
50¢
1.24
0.3¢
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PRESERVATION OF BIOLOGICAL DIVERSITY—
LARGE AND SMALL ORGANISMS

Clearly, plants, fish, birds, and mammals are invaluable contributors to the health
of the ecosystem (Krajick, 2001). An estimated 275,000 species of plants have been
identified, and perhaps as many as 100,000 more plant species have yet to be dis-
covered (IUCN, 2002a). Despite their general resilience, the survival of many plants
is now in peril: for every ten species of plants and animals that are listed as endan-
gered, approximately six of these species are plants (IUCN, 2002a). According to
Walter and Gillett (1998), at least one of every eight known plant species is threat-
ened with extinction.

The fate of larger organisms too remains a concern: one in every four mammals
and one in every eight birds are facing a high risk of extinction in the near future
(IUCN, 2004). However, the importance of small organisms that dominate the basic
structure and function of ecosystems cannot be overstated (Terborgh, 1988; USGS,
2003). Small organisms, such as insects, are useful indicators for the overall “health”
of an ecosystem and its capacity to provide vital services to humans (Paoletti, 1999b;
ESA, 2003). Insects and other “little things,” like bacteria and fungi, perform crucial
functions that sustain ecosystems in ways that are still scarcely understood, includ-
ing pollinating plants and degrading wastes (Wilson, 1987; Price, 1988; FAO, 2003a).
Because small organisms may be more specialized and more closely associated with
a plant species than larger animals, they are likely to be more susceptible to environ-
mental changes (Dourojeanni, 1990; IUCN, 2002b). For example, it is estimated that
for each tropical plant species facing extinction, approximately 20 species of arthro-
pods feeding on a particular plant may also be forced to extinction (Erwin, 1983).

In general, ecosystems require a sound relationship among the various species
that make up the system. The elimination or addition of even one species to a rela-
tively balanced ecosystem can have profound, cascading, and largely unpredictable
effects (Fritts and Rodda, 1998).

BIODIVERSITY AND ECONOMIC AND ENVIRONMENTAL BENEFITS

U.S. agriculture and forestry depend upon most of the estimated 750,000 species
of natural plant, animal, and microbe species for production and sustainability
(Pimentel et al., 1997). Plant, animal, and microbe species provide the basic food,
fiber, and shelter to support U.S. agriculture and forestry and contribute more than
$15 trillion dollars annually to the U.S. economy (USBC, 2002).

A most vital activity carried out primarily by invertebrates and microbes is
recycling wastes produced by agriculture, forestry, and human activities. A conser-
vative estimate of the annual benefits of these processes in the United States alone is
$62 billion annually (Pimentel et al., 1997).

Moreover, approximately two-thirds of the world’s flowering plants depend
on insect and other pollinators for reproduction and survival (Native Pollinator,
2003). Specific pollinators are sometimes vital to a particular species of plant
(LaSalle and Gould, 1993; Comba and Corbet, 1998). This cross-pollination by

© 2008 by Taylor & Francis Group, LLC



Conservation of Biological Diversity 229

bees is essential to about one-third of the crops grown in the United States and has
a value of about $40 billion per year (USBC, 2002). Some seed-eating birds and
mammals, like rodents, are essential in the dispersal of some plant seeds as well
(Reid and Miller, 1989).

An estimated $10 billion is spent annually in the United States for pesticides
to control crop pests. But the parasites and predators that exist in natural ecosys-
tems provide an estimated $40 billion per year in benefits for pest control. Without
the existence of natural enemies, crop losses by pests in agriculture would increase
10%—-20%. Then the amount of pesticides and costs of chemical pest control would
escalate (Pimentel et al., 1997).

Fish, other wildlife, and plant materials harvested from the wild in the United
States alone have an estimated annual value of $45 billion (USBC, 2002). For
instance, the livelihood of more than 30 million fishers and fish farmers worldwide
(most of which live in developing countries) comes from fisheries (FAO, 2002b).
The United States alone has a $25 billion fishing industry (USBC, 2002). In
addition, approximately 25% of all pharmaceuticals manufactured in the United
States, valued at $20 billion, are obtained directly or indirectly from plant materials
(Tuxill, 1999).

Sustainable and productive agriculture and forestry systems cannot function
successfully without the vital activities contributed by a wide diversity of natural
plants, animals, and microbes.

PLANT, ANIMAL, AND MICROBE BIOMASS AND DIVERSITY

Biological diversity in an ecosystem is related to the amount of living and nonliving
organic matter present (Elton, 1927; Wright, 1983; Sugden and Rands, 1990; Mishra
and Dhar, 2004).

In addition to plants, the data in Table 16.3 indicate that fungi, bacteria, annelids,
and arthropods contribute the bulk of the nonplant biomass in a pasture ecosystem.
The fungi alone comprise about 4000 kg/ha (wet), bacteria about 3000 kg/ha (wet),
earthworms 1300 kg/ha (wet), and arthropods 1000 kg/ha (wet). In contrast, mam-
mals and birds contribute only 1.2 and 0.3 kg/ha (wet) biomass, respectively. Because
the abundance of biomass is most often positively correlated with biodiversity, efforts
to increase biomass in agricultural and forestry ecosystems are an important factor
in the preservation of the wealth in biodiversity (Elton, 1927; Wright, 1983; Sugden
and Rands, 1990; Mishra and Dhar, 2004).

STRATEGIES FOR CONSERVING BIOLOGICAL DIVERSITY

Because agriculture, forestry, and human settlements occupy about 78% of the
terrestrial environment, a large portion of the world’s biological diversity coexists
with humans in these ecosystems (Western, 1994). Therefore, major efforts should be
made to conserve the many species that now exist in these extensive, managed, ter-
restrial environments. Conservation programs based on sound ecological principles
will assist agriculture and forestry production in becoming more sustainable, while
at the same time maintaining biological diversity (Heywood, 1999; NAS 2003).

© 2008 by Taylor & Francis Group, LLC



230 Food, Energy, and Society

Species diversity benefits from abundant biomass, habitat diversity, stable ecosys-
tems, abundant soil nutrients, high-quality soils, effective biogeochemical cycling,
abundant water, and healthy marine systems (Westman, 1990).

Abundant Biomass—Except for green plants that capture solar energy for
themselves and certain bacteria that use inorganic material as an energy source, all
other organisms rely on plant biomass as their primary or secondary energy source.
Crop and forest residues are biomass resources that are vital to agricultural and
forest production. They not only protect the soil from erosion and conserve water,
but, when recycled, also contribute large quantities (2000-15,000 kg/ha [dry]) of
nutrients and organic matter to the soil (ERAB, 1981; NAS, 2003). Suggestions that
crop residues be harvested for fuel and other purposes have proven catastrophic
(Fenster, 2003; Pimentel and Wen, 2004). In China and India, the removal of crop
residues has increased the rates of soil erosion and rapid water runoff approximately
10-fold and reduced soil quality and fertility (Fenster, 2003; Pimentel and Wen,
2004). In addition to reducing soil erosion and water runoff, cover crops are also
advantageous for agricultural production because they reduce soil erosion, compac-
tion, suppress weeds, conserve soil nutrients and moisture, and increase soil organic
matter (Pimentel et al., 2005b). Furthermore, cover crops can increase vegetative
biomass and diversity in crop ecosystems because they provide additional shelter
and refuges for many species.

PLANT SPECIES DIVERSITY

Approximately half of the plant species in the United States exist in managed eco-
systems. Of the estimated 17,000 plant species in the United States (Morin, 1995),
approximately 6000 are crop species and 2000 are weed species (Pimentel et al.,
2000).

Increased plant diversity, with associated species diversity, can be encouraged
in some managed ecosystems. Multispecies crop systems support a diverse group of
natural biota that increase productivity. At the same time, farmers benefit from the
effective use of soil nutrients and reduced water runoff. Examples of such cropping
systems are found in Java, where small farmers cultivate more than 600 crop species
in their gardens, making for overall species diversity comparable to subtropical
forests (Dover and Talbot, 1987). In Guatemala, about 279 species were reported
in the tropical-humid gardens (IPGRI, 2004). Similarly, nearly 80% of the farmers
in West Africa and Latin America intercrop their gardens, raising upwards of 100
different crop species on their small plantings (Thrupp, 1998). By increasing the
number of plant species on their farms, farmers were able to increase food production
with a high degree of diversity.

INTERCROPPING

When leguminous crops, such as clover, are grown between crop rows, such as corn,
they serve as an intercrop or living mulch. Not only do legumes fix nitrogen in the
soil, but they also conserve soil and water resources, and at the same time increase
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the associated biomass and animal and plant diversity present in the ecosystem
(Sigvald and Yuen, 2001).

Strips of different crops are especially helpful when planted across the slope of
agricultural fields. Such strips not only help control soil erosion and water runoff,
but also increase the diversity of vegetation and thus increase the availability of
beneficial parasites and predators for biological control (Francis et al., 1986; Fortin
et al., 1994; Ramert, 2002). With appropriate combinations of strip crops grown
in rotation, various pests can be controlled with little or no pesticides. Such pest
control occurs, for example, when corn, soybeans, and wheat are grown in rotation
in strip patterns (Pimentel et al., 1993, 2005b).

SHELTER BELTS AND HEDGEROWS

Shelter belts and hedgerows planted along the edges of cropland and pasture land also
contribute to biological diversity because, like intercrops, they reduce soil erosion
and moisture loss as well as increase the biomass and structural and habitat diversity
present in managed ecosystems (Elton, 1927; NAS, 1988; HMSO, 1995). Organic
hedgerows are superior to hedgerows associated with conventional agriculture. For
example, in Denmark, organic hedgerows were comprised of 27% more plant spe-
cies than conventional hedgerows (Aude et al., 2003). Furthermore, shelter belts and
hedgerows frequently provide refuges for beneficial parasites and predators, like
ground beetles, that help control pest insects and weeds, thereby reducing the need for
pesticides (Paoletti et al., 1989; Whalon, 2002). In addition, shelter belts help reduce
erosion and moisture loss from crops by buffering winds and are especially beneficial
in areas with low rainfall and high winds (Kedziora et al., 1989; Lu and Lu, 2003).

Biomass and Soil and Water Conservation—High quality soils maximize
plant biomass productivity and help increase biodiversity. In general, quality soils
are rich in nutrients; high organic matter (5%—10% of soil by weight); store soil
moisture (about 20% by weight); are well drained and relatively deep (>15 cm); and
have abundant soil biota (Doran and Parkin, 1994).

Abundant vegetative cover, including nonliving plant residues, prevent soil ero-
sion and rapid water runoff (Hayes, 1996). Organic matter not only harbors large
numbers of species but, equally important, sustains the productivity of the soil by
improving water-holding capacity, providing a source of nutrients, improving soil
tilth, and increasing the number and diversity of soil biota (Table 16.1). Because soil
organic matter is the first to suffer the effects of erosion, soil conservation is vital to
maximize biomass productivity and biodiversity.

A strong association exists between precipitation, plant diversity, and productiv-
ity. Because all plants and animals require water to sustain themselves, sufficient
water is vital for maintaining maximum productivity and biodiversity (Neveln,
2003). Plants require large amounts of water for photosynthesis. For example, a corn
crop producing 18,000 kg/ha of biomass during the growing season requires about
9 million L of water per hectare (Pimentel et al., 2004a).

Many technologies can be employed to conserve water and soil resources (crop
rotations, strip cropping, contour planting, terracing, ridge planting, no-till, grass strips,
vegetative cover, drip irrigation, intercropping, and shelter belts) (Troeh et al., 1999).
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The adaptability of each technique depends on the particular characteristics of the crop
or forest ecosystem (Troeh et al., 1999). In general, the presence of abundant biomass
also conserves water by slowing rapid water runoff and increases the water holding
capacity of the soil.

LivesTock MANURE

Livestock manure, when properly used, is a valuable resource that increases the bio-
mass and biodiversity in agricultural systems. For example, when manure (100 t/ha
wet) was added to agricultural land in Hungary, the biomass of soil microbes increased
10-fold (Olah-Zsupos and Helmeczi, 1987).

HABITAT DIVERSITY

Increasing the diversity of physical habitats increases the diversity of associated
plants and other organisms present in the ecosystem (Allee et al., 1949; Fletcher,
1995). For example, when the habitat area was increased 10-fold, the number of bird
species increased 1.6- to 2.5-fold (Avian Ecology, 2003).

Arnold (1983) reported that only 5 bird species were present in a pure farming
ecosystem surrounded solely by farmland. The bird species increased to 12 when
there was a short hedge, 17 species when there was a tall hedge, and 19 species when
a strip of woodland was present.

Corridors between habitats are essential for many large predators, such as coy-
otes and mountain lions, which actively move between suitable habitats (Rodriguez
et al., 2003).

AGROFORESTRY

Agroforestry is an ecologically based, natural resource management system that
integrates trees into cropland and rangeland systems (Leakey, 1997). Agroforestry
increases biomass and conserves soils and water resources by preventing erosion
(Kidd and Pimentel, 1992). Further, crop losses due to pests are often reduced because
of increased plant diversity (Schroth et al., 2000). In addition to all these benefits of
agroforestry, biological diversity is conserved and in some cases enhanced (CGIAR,
2003; Griffith, 2000).

For example, in tropical Central America, conventional corn plantings produce
approximately 2000 kg/ha of dry biomass, whereas in an agroforestry system
with a leguminous tree, the corn biomass was approximately doubled to about
3800 kg/ha (Kidd and Pimentel, 1992). At the same time, 4500 kg/ha of legumi-
nous tree biomass was produced. Thus, in the agroforestry system, the total bio-
mass produced was increased more than four times over that of the conventional
system.

Similarly, in Indonesia, for example, agroforestry increased plant diversity above
that in conventional farming with some farmer gardens having 50%—-80% of the
plant diversity found in natural forests (Leakey, 1997; Nobel and Dirzo, 1997). When
the forests in the Tamaulipas region of Mexico were managed as agroforestry sys-
tems, they contained more than 300 plant species (Perfecto et al., 1996).
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Mixep FOREsTS

Mixed forests produce approximately 20% more biomass than a homogenous stand
of trees (Ewel, 1986; Moore, 2002). The benefits are attributed to the differing nutri-
tional need of the trees in the forest. In addition, mixed forests improve biological
diversity because of the multiple arthropods and microbes associated with each tree
species.

Moreover, in commercial forestry, as well as in natural forests, tree diversity
increases biomass production by diminishing pest attack on tree hosts (Ewel, 1986;
Allen, 2003). For example, the attack of the white-pine weevil on white pines
and the Douglas-fir tussock moth on Douglas fir are significantly more severe
in areas with single species forest than in areas with high tree species diversity
(Allen, 2003).

Careful selective cutting of forests, however, can maintain high biological
diversity and a healthy productive forest ecosystem (Hansen et al., 1996). Large-
scale clear-cutting of forests should be avoided because it not only reduces biomass
and biological diversity, but also removes nutrients from the soil, which eventually
reduces the productivity of the entire ecosystem. Both biomass production and bio-
logical diversity decline as a result. Planting trees along streams is another helpful
strategy to increase biodiversity as well as reduce erosion and conserve nutrients
(Streams for the Future, 2004).

In addition, important agroecosystems are also found below ground in mature
forests. When forests are cleared, vital mycorrhizal fungi and other micro-flora and
fauna are reduced or exterminated (Tallis, 2002).

PASTURE MANAGEMENT

A pasture management strategy that maintains maximum biomass, while preventing
overgrazing, is the most productive strategy for livestock and ecosystem biodiversity
(Clark et al., 1986; MclIntyre, 2001). In addition to providing livestock with forage
and vegetative cover, pasture productivity prevents soil erosion and rapid water run-
off. Parol (1986, 2003) reports that increasing the plant species diversity in pastures
can increase the productivity of the pastures up to 10%.

To prevent overgrazing, the pasture should have the appropriate number of animal
units per hectare and should employ a sound pasture rotation system (Beetz, 2001;
Rotational Grazing, 2004). For example, in the northeastern region of the United
States, maximum production of livestock was achieved when pastures were grazed
for several weeks and then rested for several weeks to allow vegetative growth (Yohn
and Rayburn, 2004).

PesTiciDE REDUCTION

Pesticides severely reduce biological diversity by destroying a wide array of both
harmful and beneficial species in agricultural ecosystems. In this process, they
change the normal structure and function of the ecosystem. Concern for the negative
effects of pesticides on natural biota and public health has prompted some nations
to reduce pesticide use. For example, Sweden has reduced pesticide use by 68% and
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Indonesia by 65% without reducing crop yields. In the case of Indonesia, crop yields
actually increased 12% (PCC, 2002; Oka, 1991).

By employing appropriate biological controls and other environmental practices
in agriculture, pesticide use can be reduced, and in some cases eliminated, while
maintaining or increasing crop yields (Pimentel et al., 1993; NAS, 2000).

CONSERVING FISHERIES

While many national and international fishery agreements do exist, they have not
been enforced, as evidenced by the declining fish catches in recent years. Pauly and
Watson (2003) recommend stricter regulations, including banning certain types of
fishing gear. Furthermore, aquaculture that currently produces carnivorous fish, such
as salmon, requires large quantities of fish meal (Goldberg et al., 2001). Alternatively,
to be sustainable, aquaculture might have to rely increasingly upon herbivorous fish,
such as catfish and tilapia (Gomiero et al., 1999; Swing, 2003).

PROTECTED PARKS

The maintenance of protected parks and wildlife refuges occupy about 12% of the
terrestrial ecosystem (Chape et al., 2003). However, these parks are not protected
from outside assault. For instance, about one-third of the tropical parks are already
subject to encroachment by landless individuals who live in poverty (Myers, 2002).
Many of these poor people who have an income of less than $1 per day are forced
to attempt to find food or produce food in parks. As for protecting and effectively
managing national parks, wildlife refuges, and other protected areas, it is reported
that less than one quarter of the declared areas in 10 key forested countries were well
managed, many had no satisfactory management at all (Heywood, A.H., personal
communication, University of Reading, UK). Further support of this concern comes
from the World Wildlife Fund study entitled, “How Effective are Protected Areas?”
(World Wildlife Fund, 1999).

The further concern is that most parks are too small to insure the conservation
of the majority of species they contain. For instance, the succulent Karoo biome
in South Africa covers a relatively small area; however, this biome holds more
than 6000 plant species, of which 40% are endemics, in addition to many endemic
animals (Rodriguez et al., 2003). In Mexico on the El Eden Ecological reserve,
only 73 species of slime molds are present, compared with 244 species in all of
Mexico (Gomez-Pompa, 2004). Similarly, in Kenya, about 7% of its land is in pro-
tected national parks; however, 75% of the wildlife lives outside parks and within
human systems (Western and Pearl, 1989; Muriuki, 2003). Including arthropods
and microbes, more than 90% of species live outside of protected parks (Rodriguez
et al., 2003).

Marine reserves, which comprise less than 1% of all marine ecosystems (WRI,
2002), have been widely promoted as conservation and fishery management tools.
The benefits of marine reserves are indisputable, for within and around marine
parks, fish populations increase dramatically and adjacent fisheries are improved
up to 90% (Roberts et al., 2001). In addition, marine protected areas can provide
substantial tourism revenues. For example, Australia’s Great Barrier Reef Marine
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Park yields over $1 billion per year in revenue for the local economy while costing a
mere $20 million to manage (Hinrichsen, 1998).

GroBAL CLIMATE CHANGE

With only 4% of the world’s population, the United States is responsible for more
release of carbon dioxide than any other nation in the world (about 25% of the total
releases) (PRB, 2003). Reducing the rate of release of carbon dioxide and other green-
house gases and slowing global warming will require a major effort by Americans
and other people of the world. Hopefully, the United States will become the leader
instead of an opponent of international climate policy. The United States could save
as much as $430 billion per year on energy costs while reducing carbon dioxide
emissions 30% below 2004 levels in 10 years (Pimentel et al., 2004b).

CONCLUSION

The present rate of species loss suggests that half of all species on Earth may be
lost at the end of the twenty-first century. Millions of species of plants, animals, and
microbes carry out vital functions in the biosphere, especially for agriculture, for-
estry, and aquatic systems. The prime threats to biodiversity result from rapid human
population growth, and include habitat loss, urbanization, chemical use, introduced
alien species, pollution, and global warming.

Conservationists are dedicated to protecting biodiversity and implementing
sound conservation policies. Unfortunately, most conservation policies are estab-
lished by economic planners, agriculturists, foresters, and corporations, and do not
come from conservationists themselves (Myers, 2002). In the light of species loss
and growing pressures on biodiversity worldwide, it appears that the only way that
biodiversity can be saved is by saving the total biosphere (Myers, 2002).

One win-win approach is to strive for sustainable agriculture and forestry systems
because most plant, animal, and microbe species exist in these ecosystems that cover
78% of the terrestrial ecosystem (Pimentel et al., 1992; Daily et al., 2001; Ricketts,
2001; Vandermeer et al., 2002; Homer-Devine et al., 2003). Also, agriculture and for-
estry ecosystems are the most favorable systems in terms of moisture, soil, nutrients,
and temperatures. Maintaining biological diversity is essential for sustainable and pro-
ductive agriculture and forestry systems. Biological diversity can best be protected by
maintaining abundant biomass and habitat diversity; conserving soil, water, and nutri-
ent resources; reducing water, soil, and air pollution; and reducing global warming.

The public as well as political leaders, must give high priority to protecting bio-
diversity and the total biosphere. We recommend that the United States and other
nations adhere to the following policies to enhance the conservation of biodiversity:

* Encourage and implement ecologically sound and sustainable management
practices for agriculture, forestry, and fishery systems.

* Implement policies to prevent the introduction of alien invasive species in
the United States and other nations.

* Implement various international agreements, including the Convention
on Biological Diversity, Framework Convention on Climate change,

© 2008 by Taylor & Francis Group, LLC



236 Food, Energy, and Society

and the Convention on the Law of the sea (J.A. McNeely, personal
communication, Chief Scientist, [IUCN, The World Conservation Union,
Gland, Switzerland, 2004).

* Reduce water, air, and soil pollution that threaten species survival.

» Conserve and reduce fossil energy consumption to reduce greenhouse gases
and global climate change.

» Set aside more ocean as enforced marine protected areas.

REFERENCES

AAAS. 2001. World Land Use. American Association for the Advancement of Science.
http://www.ourplanet.com/aaas/pages/populationO1.html (10/02/03).

Alexander, M. 1977. Introduction to Soil Microbiology. New York: John Wiley & Sons.

Allee, W.C., A.E. Emerson, O. Park, et al. 1949. Principles of Animal Ecology. Philadelphia,
PA: Saunders.

Allen, D.C. 2003. Biological diversity—Is variety the spice of life? http:/www.dec.state.
ny.us/website/dif/privland/forprot/health/nyfo/biodiv.pdf (10/18/03).

Anok and Peace. 2003. Overpopulation. Anok and peace. Cols, Ohio. http://noleaders.net/
anok/features/nopop/ (10/02/03).

Arnold, G.W. 1983. The influence of ditch and hedgerow structure, length of hedgerows,
and area of woodland and garden on bird numbers on farmland. Journal of Applied
Ecology 20: 731-750.

Aude, E., K. Tybirk, and M.B. Pedersen. 2003. Vegetation diversity of conventional and organic
hedgerows in Denmark. Agriculture Ecosystems and Environment 99: 135-147.

Avian Ecology. 2003. Avian ecology. http:/www.ornithology.com/lectures/Avian%20Ecology.
htm] (10/17/03).

Beetz, C.A. 2001. Sustainable Pasture Management. Livestock Systems Guide. October
2001. Fayetteville, AR: University of Arkansas.

Brown, L.R. 2001. Paving the Planet: Cars and Crops Competing for Land. Washington,
D.C.: Earth Policy Institute.

CGIAR. 2003. Agroforestry—Combining nature and livelihoods. Consultative Group on
International Agricultural Research. http://www.futureharvest.org/earth/agroforestry.
html (11/03/03).

Chape, S., S. Blyth, L. Fish, et al. 2003. United Nations List of Protected Areas. World Con-
servation Monitoring Centre.

Clark, D.A., M.G. Lambert, and D.A. Grant. 1986. Influence of fertilizer and grazing
management on North Island moist hill country. 5. Animal production. New Zealand
Journal of Agricultural Research 26: 95-108.

Comba, L. and S. Corbet. 1998. Living larders for bumblebees. Plantlife Magazine, Summer
Issue. 3 pp.

Conservation Issues. 2003. Impacts on biodiversity. Population growth, overconsumption
and technology. http://www.redpath-museum.mcqill.ca/Qbp/3.Conservation/impacts.
htm (11/16/03).

Daily, G.C., PR. Ehrlich, and G.A. Sanchez-Azonfeifa. 2001. Countryside biogeography:
Utilization of human dominated habitats by the avifauna of southern Costa Rica.
Ecological Applications 11: 1-13.

Deforestation. 2003. Deforestation. http://www.bsrsi.msu.edu/rfrc/deforestation.html (10/04/03).

Dennis, C. 2002. Reef under threat from “bleaching outbreak.” Nature 415: 947.

Dirzo, R. and P.H. Raven. 2003. Global state of biodiversity and loss. Annual Review of
Environmental Resources 28: 137-167.

© 2008 by Taylor & Francis Group, LLC


http://www.ourplanet.com
http://www.dec.state.ny.us
http://www.dec.state.ny.us
http://noleaders.net
http://noleaders.net
http://www.ornithology.com
http://www.ornithology.com
http://www.bsrsi.msu.edu
http://www.bsrsi.msu.edu
http://www.ornithology.com
http://www.ornithology.com
http://noleaders.net
http://noleaders.net
http://www.dec.state.ny.us
http://www.dec.state.ny.us
http://www.ourplanet.com

Conservation of Biological Diversity 237

Do or Die. 2003. Biodiversity and its loss—What does it all really mean? Do or Die Issue 8:
109-120 (available http:/www.eco-action.org/dod/no8/biodiversity.html).

Doran, JW. and T.B. Parkin. 1994. Defining and assessing soil quality. In JW. Doran, D.F.
Bezdicek, D.C. Coleman, and B.A. Stewart (eds.), Defining Soil Quality for a Sustain-
able Environment, pp. 3-21. Special Publication. No. 35. Madison, WI: Soil Science
Society of America.

Dorworth, D. 2002. The new politics: developer vs. ecologists. Ketchum, ID: Idaho Moun-
tain Express and Guide. September 25—October 1, 2002. 5 pp.

Dourojeanni, M.J. 1990. Entomology and biodiversity conservation in Latin America.
American Entomologist 36(2): 88-93.

Dover, N. and L. Talbot. 1987. To Feed the Earth: Agroecology for Sustainable Development.
Washington, D.C.: World Resources Institute.

Earle, S.A. 1995. Sea Change: A Message of the Oceans. New York: Putman’s Sons.

Earthscan. 2002. Global Environment Outlook 3: Past, Present and Future Perspectives.
United Nations Environmental Programme. London: Earthscan Publications.

Edwards, R. 1998. Save our pathogens. New Scientist. p. 5, 22. August 1998.

Edwards, C.A. and P.J. Bohlen. 1996. Biology and Ecology of Earthworms. London: Chapman
& Hall.

Elton, C.S. 1927. Animal Ecology. London: Sidgwick and Jackson, Ltd.

Environmental Threats. 2003. Why we need the 1% alliance. Top 10 environmental threats.
http://www.onepercentfortheplanet.org/threats.html (11/16/03).

ERAB. 1981. Biomass Energy. Washington, D.C.: Energy Research Advisory Board, U.S.
Department of Energy.

Erwin, T. 1983. Beetles and other insects of tropical forest canopies at Manaus, Brazil, sam-
pled by insecticide fogging tropical rainforest. In Tropical Rainforest: Ecology and
Management. S. Sutton (ed.), pp. 59-75. Oxford, England: Blackwell Scientific.

ESA. 2003. ESA Position Statement on Insects and Biodiversity. Lanham, MD: Entomologi-
cal Society of America. 4 pp.

Ewel, J.J. 1986. Designing agricultural ecosystems for the humid tropics. Annual Review of
Ecology and Systematics 17: 245-271.

Faeth, P. and P. Crosson. 1994. Building the case for sustainable agriculture. Environment
36(1): 16-20.

FAO. 2002a. Food Balance Sheets: A Handbook. Rome: United Nations, Food and Agricul-
tural Organization.

FAO. 2002b. World Agriculture: Towards 2015/2030. Summary report prepared mainly by
Paul Harrison. Rome: United Nations, Food and Agriculture Organization.

FAO. 2003a. Why Should Soil Biodiversity be Managed and Conserved? Land and Water Dev-
elopment Division. Rome: United Nations, Food and Agriculture Organization. 9 pp.

FAO. 2003b. Overview of Fish Production, Consumption and Trade: Based on 2001 Data.
United Nations, Food and Agriculture Organization. Fisheries Information, Data and
Statistics Unit, May 2003.

FAO. 2004. Biological Diversity in Food and Agriculture. United Nations, Food and Agricul-
tural Organization. http://www/fao/org/biodiversity/index.asp (1/10/04).

Fenster, C.R. 2003. Protect Soil with Vegetative Residues. Published by Cooperative Exten-
sion, Institute of Agriculture and Natural Resources. Lincoln, NB: University of
Nebraska.

Fletcher, S.R. 1995. Biological Diversity: Issues Related to the Convention on Biodiversity.
Washington, D.C.: National Council for Science and the Environment. 9 pp.

Fortin, M.C., J. Culley, and M. Edwards. 1994. Soil water. Plant growth and yield of strip-
cropped corn. Journal of Production Agriculture 7: 63—69.

Francis, C.A., A. Jones, K. Crookston, et al. 1986. Strip cropping corn and grain legumes:
A review. American Journal of Alternative Agriculture 1: 159-164.

© 2008 by Taylor & Francis Group, LLC


http://www.eco-action.org
http://www.onepercentfortheplanet.org
http://www.fao.org
http://www.fao.org
http://www.onepercentfortheplanet.org
http://www.eco-action.org

238 Food, Energy, and Society

Fritts, T.H. and G.H. Rodda. 1998. The role of introduced species in the degradation of island
ecosystems: a case history. Annual Review of Ecology and Systematics 29: 113-140.

Goldberg, R., M. Elliott, and R. Naylor. 2001. Marine Aquaculture in the U.S.: Environmen-
tal Impacts and Policy Options. Pew Oceans Commission Report.

Gomez-Pompa, A. 2004. The role of biodiversity scientists in a troubled world. BioScience
54: 217-225.

Goreau, T., T. McClanahan, R. Hayes, et al. 2000. Conservation of coral reefs after the 1998
global bleaching event. Conservation Biology 14: 5-15.

Griffith, D.M. 2000. Agroforestry: A refuge for tropical biodiversity under fire. Conservation
Biology 14: 325-326.

Hansen, J., M. Oppenheimer, M. Pearl, et al. 1996. Panel Discussion: Extirpated Species,
Warming Temperatures, and Politics Worry Scientists. Columbia Forum on the Envi-
ronment. New York: Columbia University.

Harder, B. 2003. Sea burial for Canada’s cod fisheries. Science News. Washington. 163(May
17, 20): 318.

Hayes, W.A. 1996. Understanding Wind Erosion and Its Control. Cooperative Extension, Insti-
tute of Agriculture and Natural Resources. Lincoln, NB: University of Nebraska. 3 pp.

Henry, D. 2001. Population Growth Fuels Biodiversity Loss. SE-QLD Branch, Media
Release. Cleveland, Qld. Sustainable Population Australia.

Hinrichsen, D. 1998. Coastal Waters of the World: Trends, Threats, and Strategies.
Washington, D.C.: Island Press.

HMSO. 1995. Biodiversity: The UK Steering Group Report. Volume 2: Action Plans. London:
Her Majesty’s Stationary Office.

Homer-Devine, M.C., G.C. Daily, P.R. Ehrlich, et al. 2003. Countryside biogeography of
tropical butterflies. Conservation Biology 17: 168-179.

IPGRI. 2004. The Home Gardens Case Study. Submitted by International Plant Genetic
Resources Institute to Convention on Biological Diversity/United Nations Environmen-
tal Programme. http://www.ipgri.cgiar.org/themes/human/Articles/CBDCaseStudy.
doc (1/10/04).

TUCN. 2002a. Plant species in trouble. IUCN, The World Conservation Union. http://www.
iucn.org (11/22/03).

IUCN. 2002b. 2002 IUCN Red list of threatened species. [UCN, The World Conservation
Union. http://www.redlist.org (10/01/03).

IUCN. 2004. Species extinction. IUCN, The World Conservation Union. http://iucn.org
(02/22/04).

James, C. 1999. Global status and distribution of commercial transgenic crops in 1997.
Biotechnology and Development Monitor, No. 35. June 1999.

Kedziora, A., J. Olejnik, and J. Kapuchinski. 1989. Impact of landscape structure on heat and
water balance. International Association for Ecology 17: 1-17.

Kidd, C. and D. Pimentel. 1992. Integrated Resource Management: Agroforestry for Devel-
opment. San Diego, CA: Academic Press.

Krajick, K. 2001. Arctic life on thin ice. Science 291: 424—425.

Krajick, K. 2004. All downhill from here? Science 303: 1600-1602.

LaSalle, J. and .D. Gould. 1993. Hymenoptera: Their diversity and their impact on the
diversity of other organisms. In J. Lasalle and 1.D. Gould (eds.), Hymenoptera and
Biodiversity, pp. 1-26. Oxon, UK: CAB International.

Lavelle, P. and A.V. Spain. 2001. Soil Ecology. Dordrecht: Kluwer Academic Publishers.

Leakey, R.R.B. 1997. Agroforestry for biodiversity in farming systems. In W. Collins and
C. Qualset (eds.), Biodiversity in Agroecosystems, pp. 127-145. New York: Lewis
Publishers.

Lu, Y. and Lu, J. 2003. Oasis Forestry in Xinjiang. Agroforesty Systems in China. Ottawa,
Canada. International Development Research Centre. 5 pp.

© 2008 by Taylor & Francis Group, LLC


http://www.ipgri.cgiar.org
http://www.ipgri.cgiar.org
http://www.iucn.org
http://www.iucn.org
http://www.iucnredlist.org
http://www.iucn.org
http://www.iucn.org
http://www.iucnredlist.org
http://www.iucn.org
http://www.iucn.org
http://www.ipgri.cgiar.org
http://www.ipgri.cgiar.org

Conservation of Biological Diversity 239

MacFadyen, A. 1961. Metabolism of soil invertebrates in relation to soil fertility. Annals of
Applied Biology 49: 215-218.

Machlis, G.E. and D.L. Tichnell. 1985. The State of the World’s Parks. Boulder, CO:
Westview Press.

Masyuk, N.P. 2002. The genus Chlamydomonas HER. In the flora of Ukraine. International
Journal of Algae 4(1): 1-17.

Mclntyre, S. 2001. Incorporation of Practical Measures to Assist Conservation of Biodi-
versity within Sustainable Beef Production in Northern Australia. (CSIRO) Com-
monwealth Scientific and Industrial Research Organization. Sustainable Ecosystems.
Australia. 3 pp.

Metting, F.B. 1993. Soil Microbial Ecology. New York: Marcel Dekker, Inc.

Mishra, U. and D.W. Dhar. 2004. Biodiversity and Biological Degradation of Soil. National
Center for Conservation and Utilization of Blue-Green Algae. Indian Agricultural
Research Institute. New Delhi, India. 8 pp.

Morin, N. 1995. Vascular plants in the United States. Missouri Botanical Garden. http:/
biology.usgs.gov/s+t/nopframe/i084.htm (10/16/03).

Moore, J.A. 2002. Climate Change and Extreme Weather-Related Event Results. Southern
Forest Resource Assessment. USDA Forest Service. 4 pp.

Muriuki, J.N. 2003. Co-operation or Conflict? Managing Scarce Resources of Africa.
A Case of Community-Wildlife Conservation in Kenya. Kenyatta University, Kenya
8 pp.

Myers, N. 2002. Biodiversity and biodepletion: The need for paradigm shift. In T. O’Riordan
and S. Stoll (eds.), Protecting the Protected: Managing Biodiversity for Sustainability,
pp. 46—60. Cambridge, UK: Cambridge University Press.

Myers, N. 2003a. The last extinction? Foreign Policy, March/April. 2 pp.

Myers, N. 2003b. Earth’s top environmental problems. Population press. http://www/popco.
org/press/articles/2003-1-myers.html (1/10/04).

Myers, R.A. and B. Worm. 2003. Rapid worldwide depletion of predatory fish communities.
Nature 423: 6937.

NAS. 1988. Biodiversity. Washington, D.C.: National Academy of Sciences.

NAS. 2000. Importance of Pesticides. Washington, D.C.: National Academy of Sciences.

NAS. 2003. Frontiers in Agricultural Research: Food, Health, Environment, and Communi-
ties. Washington, D.C.: National Academy of Sciences.

Native Pollinator. 2003. Native pollinator and native plant demonstration project. http:/www.
denis.osd.mil/denix/Public/ES-Programs/Conservation/Legacy/Native_Pollinator_
Native_Plant_Demo.pdf (11/13/03). 46 pp.

Neveln, V. 2003. Organic mulch: Helpful or harmful. Garden and Hearth 2001-2003.
Editors@gardenandhearth.con. 5 pp.

Nobel, I.R. and R. Dirzo. 1997. Forests as human-dominated ecosystems. Science 277:
522-525.

Novacek, M. 2001. The Biodiversity Crisis: Losing What Counts. New York: American
Museum of Natural History, New Press.

Oka, I.N. 1991. Success and challenges of the Indonesian national integrated pest manage-
ment program in the rice based cropping system. Crop Protection 10: 163—165.

Olah-Zsupos, A. and B. Helmeczi. 1987. The effect of soil conditioners on soil microorgan-
isms. In J. Szegi (ed.), Soil Biology and Conservation of the Biosphere. Vols. 1-2,
pp- 829-837. Proceedings of the 9th International Symposium. Budapest: Akademiai
Kiado.

Ontario. 1987. Soil Erosion Causes and Effects. Ottawa, Ontario: Ontario Ministry of Agri-
culture and Food.

Osler, G.H.R. and A.J. Beattie. 2002. Contribution of orbatid and messtigmatid mites in
ecologically based estimates of global species richness. Austral Ecology 26(1): 70-79.

© 2008 by Taylor & Francis Group, LLC


http://biology.usgs.gov
http://biology.usgs.gov
http://www.populationpress.org
http://www.populationpress.org
mailto:Editors@gardenandhearth.com.
mailto:Editors@gardenandhearth.com.
http://www.populationpress.org
http://www.populationpress.org
http://biology.usgs.gov
http://biology.usgs.gov

240 Food, Energy, and Society

Paoletti, M.G. 1999a. The role of earthworms for assessment of sustainability and as bioindi-
cators. Agriculture, Ecosystems and Environment 74: 137-156.

Paoletti, M.G. (ed.) 1999b. Invertebrate Biodiversity as Bioindicators of Sustainable Land-
scapes. Practical Use of Invertebrates to Assess Sustainable Landuse. Amsterdam:
Elsevier.

Paoletti, M.G., M.R. Favretto, S. Ragusa, et al. 1989. Animal and plant interactions in the
agroecosystems: The case of the woodland remnants in northeastern Italy. Ecological
International Bulletin 17: 79-91.

Parol, A. 1986. The productivity of cultivated pastures evaluated by dairy cows depending
on the botanical composition and fertilization. Bioproduction of Grasslands. Tallinn,
Estonia, 141-148.

Parol, A. 2003. The Importance of White Clover in Pasture to the Productivity of Dairy
Cows. Institute of Grassland Science and Botany, Estonia Agricultural University.
Tartu, Estonia. 5 pp.

Pauly, D. and R. Watson. 2003. Counting the last fish. Scientific American 289(1): 42—47.

Pauly, D., V. Christiensen, J. Dalsgaard, et al. 1998. Fishing down marine food webs. Science
279(5352): 860-863.

PCC. 2002. News Bites. http:/www.pccnaturalmarkets.com/sc/0205/newsbites.html]
(1/19/03).

Perfecto, I., R.A. Rice, R. Greenberg, et al. 1996. Shade coffee: A disappearing refuge for
biodiversity. BioScience 46: 598—608.

Pimentel, D. 1997. Techniques for Reducing Pesticides: Environmental and Economic
Benefits. Chichester, UK: John Wiley.

Pimentel, D. 2002. Biological Invasions: Economic and Environmental Costs of Alien Plant,
Animal, and Microbe Species. Boca Raton, FL: CRC Press.

Pimentel, D. 2005. Environmental and economic costs of the application of pesticides
primarily in the United States. Environment, Development and Sustainability 7:
229-252.

Pimentel, D. and M. Pimentel. 1996. Food, Energy and Society. Rev. edition. Niwot, CO:
University Press of Colorado.

Pimentel, D. and M. Pimentel. 2003. World population, food, natural resources and survival.
World Futures 59: 145-167.

Pimentel, D. and D. Wen. 2004. China and the world: population, food and resource scarcity.
In T.C. Tso and H. Kang (eds.), Dare to Dream: Vision of 2050 Agriculture in China,
pp- 103-116. Beijing: China Agricultural University Press.

Pimentel, D. and A.G. Wheeler. 1973. Species diversity of arthropods in the alfalfa commu-
nity. Environmental Entomology 2(4): 659—668.

Pimentel, D., U. Stachow, D.A. Takacs, et al. 1992. Conserving biological diversity in agri-
cultural/forestry systems. BioScience 42: 354-362.

Pimentel, D., L. McLaughlin, A. Zepp, et al. 1993. Environmental and economic impacts of
reducing agricultural pesticide use. In D. Pimentel (ed.), Pesticide Question: Environ-
ment, Economics and Ethics, pp. 223-278. New York: Chapman & Hall.

Pimentel, D., C. Wilson, C. McCullum, et al. 1997. Economic and environmental benefits of
biodiversity. BioScience 47(11): 747-758.

Pimentel, D., O. Bailey, P. Kim, et al. 1999. Will the limits of the Earth’s resources control
human populations? Environment, Development and Sustainability 1: 19-39.

Pimentel, D., L. Lach, R. Zuniga, et al. 2000. Environmental and economic costs of nonin-
digenous species in the United States. BioScience 50(1): 53—65.

Pimentel, D., B. Berger, D. Filiberto, et al. 2004a. Water Resources: Agricultural and envi-
ronmental issues. BioScience 54(10): 909-918.

Pimentel, D., A. Pleasant, J. Barron, et al. 2004b. U.S. energy conservation and efficiency:
Benefits and costs. Environment Development and Sustainability 6: 279-305.

© 2008 by Taylor & Francis Group, LLC


http://www.pccnaturalmarkets.com
http://www.pccnaturalmarkets.com

Conservation of Biological Diversity 241

Pimentel, D., R. Zuniga, and D. Morrison. 2005a. Update on the environmental and economic
costs associated with alien invasive species in the United States. Ecological Economics
52: 273-288.

Pimentel, D., P. Hepperly, J. Hanson, et al. 2005b. Environmental, energetic and eco-
nomic comparisons of organic and conventional farming systems. BioScience 55(7):
573-582.

Pimm, S.L. 1991. The Balance of Nature: Ecological Issues in the Conservation of Species
and Communities. Chicago, IL: University of Chicago Press.

Pimm, S.L. 2002. Food Webs. Chicago, IL: University of Chicago Press.

Pimm, S.L. and J.H. Brown. 2004. Domains of diversity. Science 304: 831-833.

Pimm, S.L., G.J. Russell, J.L. Gittlemand, et al. 1995. The future of biodiversity. Science
269: 347-350.

PRB. 2003. World Population Data Sheet. Washington, D.C.: Population Reference Bureau.

Price, PW. 1988. An overview of organismal interactions in ecosystems in evolutionary and
ecological time. Agriculture, Ecosystems and the Environment 24: 369-377.

Rainforest. 2003. Rainforest Live. Information pages http://www.rainforestlive.org.uk/index.
cfm?articleid=214 (10/06/03).

Ramert, B. 2002. The use of mixed species cropping to manage pests and diseases—theory
and practice. In J. Powell, G. Davies, S. Fowler, et al. (eds.), U.K. Organic Research.
Proceedings of the Colloquium for Organic Research 2002, pp. 207-210. Conference
26-28, March 2002, Aberystwth.

Ramsar. 2000. Background Papers on Wetland Values and Functions. The Ramsar Conven-
tion on Wetlands. Gland, Switerland: Ramsar Convention Bureau.

Reid, W.V. and K.R. Miller. 1989. Keeping Options Alive: The Scientific Basis for Conserving
Biodiversity. Washington, D.C.: World Resources Institute.

Richards, B.N. 1974. Introduction to the Soil Ecosystem. New York: Longman.

Ricketts, T.H. 2001. The matrix matters: Effective isolation in fragmented landscapes. The
American Naturalist 158: 87-99.

Robbins, J. 2001. The Food Revolution: How Your Diet Can Help Your Life and Our World.
Berkeley, CA: Conari Press.

Roberts, C., J.A. Bohnsack, F. Gell, et al. 2001. Effects of marine reserves on adjacent
fisheries. Science 294: 1920-1923.

Rodriguez, A.S.L., S.J. Andelman, M.I. Bakarr, et al. 2003. Global gap analysis: Towards a
representative network of protected areas. Advances in Applied Biochemistry Science
5(August): 3-98.

Rotational Grazing. 2004. Protect soil with rotational grazing. http:/www.thisland.uiuc.
edu/60ways_10.html (1/12/04).

Rushton, S.P., M.L. Luff, and M.D. Eyre. 1989. Effects of pasture improvement and manage-
ment on the ground beetle and spider communities of upland grasslands. Journal of
Applied Ecology 26: 489-503.

Sala, O.E., E.S. Chapin, J.J. Armesto, et al. 2000. Global biodiversity scenarios for the year
2100. Science 287: 1770-1774.

Schroth, G., U. Krauss, L. Gasparotto, et al. 2000. Pests and diseases in agroforestry systems
of the humid tropics. Agroforestry Systems 50(3): 199-241.

Sigvald, R. and J. Yuen. 2001. Cereal/Legume Intercropping Systems: Effect on the Associate
Crop Pathosystems. Swedish University of Agricultural Sciences, Department of Ecol-
ogy and Plant Production Science/Integrated Pest Management, P.O. Box 7043, 75007
Uppsala, Sweden. 2 pp.

Soil Organisms. 2004. Soil Organisms. http://www.biodiversity.org.uk.ibs/envmath/
resources/year3/env324/pro (1/10/04).

Stock, N.E. 1988. Insect diversity: Facts, fiction and speculation. Biological Journal of
Linnaean Society 35: 321-337.

© 2008 by Taylor & Francis Group, LLC


http://www.rainforestlive.org.uk
http://www.rainforestlive.org.uk
http://www.thisland.uiuc.edu
http://www.thisland.uiuc.edu
http://www.thisland.uiuc.edu
http://www.thisland.uiuc.edu
http://www.rainforestlive.org.uk
http://www.rainforestlive.org.uk

242 Food, Energy, and Society

Streams for the Future. 2004. Classic Stream Problems; New Stream Solutions. Streams for
the Future, Fisheries Division, Missouri Department of Conservation, Jefferson City,
MO. 7 pp.

Sugden, A.M. and G.F. Rands. 1990. The ecology of temperate cereal fields. Trends in Ecol-
ogy and Evolution 5: 205-206.

Swing, J.T. 2003. What future for the oceans? Foreign Affairs 82(5): 139-152.

Taddese, G. 2001. Land degradation: A challenge to Ethiopia. Environment Management
27(6): 815-824.

Terborgh, J.W. 1988. The big things that run the world: A sequel to E.O. Wilson. Conserva-
tion Biology 2: 402-403.

Thimmayya, A. 1998. The effects of fertilization on soil and litter fauna in oak forest. http://
www.courses.mbl.edu/SES/data/project/1998/thimmayya.pdf (3/29/04).

Thomas, C.D., A. Cameron, R.E. Green, et al. 2004. Extinction risks from climate change.
Nature 427: 145-148.

Thomas, D.S.G. and N.J. Middleton. 1993. Salinization: New perspectives on a major deserti-
fication issue. Journal of Arid Environments 24: 95-105.

Thorne-Miller, B. and J. Cantena. 1991. The Living Ocean: Understanding and Protecting
Marine Biodiversity. Washington, D.C.: Island Press.

Thrupp, L.A. 1998. Cultivating Diversity: Agrobiodiversity and Food Security. Washington,
D.C.: World Resources Institute.

Troeh, F.R., J.A. Hobbs, and R.L. Donahue. 1999. Soil and Water Conservation. Englewood
Cliffs, NJ: Prentice Hall.

Tuxill, J. 1999. Nature’s Cornucopia. Report No. 148. Washington, D.C.: World Watch
Institute.

UNESCO. 2001. Protecting Ecosystems. World Water Assessment programme. Paris: United
Nations Education Scientific and Cultural Organization.

UNESCO. 2002. Securing the Food Supply. World Water Assessment Programme. Paris:
United Nations Education Scientific and Cultural Organization.

Uri, N. 2001. A note on soil erosion and its environmental consequences in the United States.
Water, Air, and Soil Pollution 129: 181-197.

USBC. 2002. Statistical Abstract of the United States 2002. Washington, D.C.: U.S. Bureau
of the Census, U.S. Government Printing Office.

USDA. 1999. Agricultural Phosphorus and Eutrophication. Washington, D.C.: Agricultural
Research Service, U.S. Department of Agriculture.

USDA. 2002. Agricultural Statistics. Washington, D.C.: U.S. Department of Agriculture.

USGS. 2003. Birds as Indicators of Riparian Vegetation Condition in the Western U.S. U.S.
Geological Society. Northern Prairie Wildlife Research Center. 3 pp.

Vandermeer, J., D. Lawerence, A. Symstad, et al. 2002. Effect of biodiversity on ecosystem
functioning in managed ecosystems. In Biodiversity and Ecosystem Functioning: Syn-
thesis and Perspectives, pp. 221-236. Oxford, UK: Oxford University.

Vietmyer, N. 1995. Applying biodiversity. Journal of the Federation of American Scientists
48(4): 1-8.

Wagner, T. 2003. Seasonality of canopy beetles in Uganda. In Y. Basset, V. Novotny, S.E. Miller,
et al. (eds.), Arthropods of Tropical Forests: Spatio-temporal Dynamics and Resource
Use in the Canopy, pp. 146—158. Cambridge, MA: Cambridge University Press.

Walter, H. 1985. Vegetation of the Earth and Ecological Systems of the Geo-biosphere.
Berlin: Springer-Verlag.

Walter, K.S. and H.J. Gillett. 1998. 1997 IUCN Red List of Threatened Plants. Compiled
by the World Conservation Monitoring Centre. Cambridge, UK: IUCN/The World
Conservation Union.

Warters, M.E. 1969. A Faunistic and Ecological Study of the Insects Found on the Corn Plant
in Minnesota. Ph.D. Thesis, University of Minnesota, St. Paul, MN.

© 2008 by Taylor & Francis Group, LLC


http://www.mbl.edu
http://www.mbl.edu
http://www.mbl.edu
http://www.mbl.edu

Conservation of Biological Diversity 243

Wayne, L.G., D.J. Brenner, R.R. Colwell, et al. 1987. Report of the ad hoc committee on rec-
onciliation of approaches to bacterial systematics. International Journal of Systematic
Bacteriology 37(4): 463—464.

Western, D. 1994. Ecosystem conservation and rural development: the case in Amboseli. In
D. Western, R.M. Wright, and S.C. Strum (eds.), Natural Connection: Perspectives in
Community-Based Conservation, pp. 15-53. Washington, D.C.: Island Press.

Western, D. and M.C. Pearl. 1989. Conservation for the Twenty-first Century. New York:
Oxford University Press.

Westman, W.E. 1990. Managing for biodiversity. BioScience 40: 26-33.

Whalon, D. 2002. Integrated Crop Management in Apples. East Lansing, MI: Clarksville
Horticultural Research Station, Michigan State University. 5 pp.

Whitcomb, W.H. and K.E. Godfrey. 1991. The use of predators in insect control. In
D. Pimentel (ed.), Handbook of Pest Management in Agriculture, Vol. 11, pp. 215-241.
Boca Raton, FL: CRC Press.

WHO. 2000. Malnutrition worldwide. World Health Organization. http://www.who.int/nut/
malnutrition_worldwide.htm (July 27, 2000).

Wiebe, K. 1997. Resources, Sustainability, and Food Security. Food Security Assessment,
International Agriculture and Trade Report No. GFA-9, pp. 36—42. Updated: April 24,
2002.

Wilson, E.O. 1987. The little things that run the world. Conservation Biology 1: 344-346.

Wilson, E.O. (ed.) 1988. Biodiversity. Washington, D.C.: National Academy of Sciences.

Wilson, E.O. 2003. Conserving biodiversity: A global view. BirdScope 17(4): 3—4.

World Bank. 2002. World Bank approves new forest policy and strategy. Increasing liveli-
hoods for poor people while better protecting forests. The Board of Executive Direc-
tors. Washington, D.C.: The World Bank. 5 pp.

World Wildlife Fund. 1999. America’s Global Warming Solutions. Study prepared for World
Wildlife Fund and Energy Foundation. Tellus Institute: Resource and Environmental
Strategies. August 1999. pp. 1-43.

WRI. 2002. Mechanisms for the loss of biodiversity. World Resources Institute. http:/www.
wri.org/diodiv/b05-gbs.html (2/1/04).

Wright, D.H. 1983. Species-energy theory: An extension of species-area theory. Oikos 41:
496-506.

Xerces Society. 2001. Why are invertebrates important? The Xerces Society. http:// exerces.
org/why_conserve_inverts.htm (10/23/03).

Yohn, C.W. and E.B. Rayburn. 2004. Forage Management. Morgantown, WV: West Virginia
University Extension Service. 4 pp.

© 2008 by Taylor & Francis Group, LLC


http://www.who.int
http://www.who.int
http://www.wri.org
http://www.wri.org
http://www.wri.org
http://www.wri.org
http://www.who.int
http://www.who.int

	Chapter 16: Conservation of Biological Diversity in Agricultural, Forestry, and Marine Systems
	CAUSES OF REDUCED SPECIES DIVERSITY
	DEFORESTATION AND DESTRUCTION OF NATURAL HABITATS
	SOIL EROSION AND SALINIZATION
	ALIEN BIOLOGICAL INVADERS
	CHEMICAL POLLUTANTS
	MARINE ECOSYSTEMS AND AQUACULTURE
	GLOBAL CLIMATE CHANGE

	BIOLOGICAL DIVERSITY
	PRESERVATION OF BIOLOGICAL DIVERSITY—LARGE AND SMALL ORGANISMS
	BIODIVERSITY AND ECONOMIC AND ENVIRONMENTAL BENEFITS
	PLANT, ANIMAL, AND MICROBE BIOMASS AND DIVERSITY
	STRATEGIES FOR CONSERVING BIOLOGICAL DIVERSITY
	PLANT SPECIES DIVERSITY
	INTERCROPPING
	SHELTER BELTS AND HEDGEROWS
	LIVESTOCK MANURE
	HABITAT DIVERSITY
	AGROFORESTRY
	MIXED FORESTS
	PASTURE MANAGEMENT
	PESTICIDE REDUCTION
	CONSERVING FISHERIES
	PROTECTED PARKS
	GLOBAL CLIMATE CHANGE

	CONCLUSION
	REFERENCES




