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Abstract

Ecosystem services are natural processes that benefit humans. Here we first provide a brief primer of ecosys-
tem services provided by birds. We then consider government policy in light of these services. Birds contrib-
ute the four types of services recognized by the UN Millennium Ecosystem Assessment- cultural, provisioning,
regulating, and supporting services. Most of the services fall into the regulating and supporting categories.
These services include pest control, seed dispersal, pollination, and scavenging animal carcasses. Provision-
ing services include provisioning of meat, eggs, nests and guano (fertilizer). Cultural services include artistic
and religious expression, bird watching, and photography. Maintenance of bird-contributed ecosystem
services depends upon maintenance of the bird species performing them, and in some cases, enhancing their
ability to provide those services. Policies that promote long-term conservation of bird species and their popu-
lations are thus critical, and include those that focus on global climate; timber and food production; energy
production; emerging diseases; land management (habitat preservation and restoration); wild bird trade and

endangered species; and world trade.
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Introduction

“Ecosystem services” are natural processes that ben-
efit humans. Following the United Nations Millennium
Ecosystem Assessment (1-2), we recognize four principal
types of ecosystem services:

e Cultural services;

e Regulating services;

e Supporting services;

e Provisioning services.

Birds contribute each of these types of services. Here we
first provide a brief summary of ecosystem services pro-
vided by birds (see 3 for detailed review). We then consid-
er these services in light of public and private policy.

Critical issues involve:

e Global climate change;

e Agriculture, food, and timber production;

e Energy production, particularly biofuels;

* Emerging diseases;

e Land management, habitat preservation and restora-
tion;

e Wild bird trade;

e World trade and international treaties.

Bird characteristics and ecosystem services

Birds possess several characteristics that facilitate their
contribution of ecosystem services. Most birds fly, mak-
ing them highly mobile and capable of long-distance
movements. Flight allows birds to respond to irruptions
or pulsed resources in ways not possible by most other
vertebrates. The regular migratory movements of many
species link ecosystem processes and fluxes in different
geographic areas. Birds exhibit a wide array of social
structures, which, in some cases, shift seasonally during
the annual cycle. While many species are territorial while
breeding, they may congregate in vast, often multi-spe-
cies flocks when not breeding. Hence, their impacts also
potentially vary during the annual cycle.

Cultural services

Humans have interacted with birds for thousands of years.
Examples of this long history include the 16,500 year-
old cave paintings in Lascaux, France, clearly depicting a
bird and 3,000 year-old murals of ancient Egyptians with
domesticated ducks and cranes. These two examples also
illustrate that while the human-bird interaction was im-
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portant enough for the people at the time to document,
the process of documentation can transcend the original
use of birds to something of larger cultural significance.
While the domestication of birds for food was no doubt
important for the Egyptians, the murals depicting those
scenes transform a product-driven ecosystem service
with quantifiable economic value into an intangible social
service.

One aspect of cultural services provided by birds that can
be quantified to some degree is recreation. Prominent
among recreational uses of birds is bird watching. Some
45 million people in the United States enjoy watching
birds. In 2001 U.S. bird watchers spent $32 million enjoy-
ing their hobby, creating $85 million in indirect economic
impact and supporting nearly 1 million jobs (4-5). The
rise in popularity of bird watching, especially in the past
50 years, spawned an entire genre of books, field identi-
fication guides, that now goes well beyond birds. Simi-
larly, the demand for bird watching trips contributes to the
current boom in ecotourism. An offshoot of recreational
interest in birds is the rise of citizen science programs that
use knowledgeable volunteers to help monitor bird popu-
lations on a large geographic scale.

Regulating and supporting services

Most regulating and supporting services arise via top-
down effects of resource consumption. With over 10,000
bird species on earth, birds consume a wide variety of re-
sources in terrestrial, aquatic, and aerial environments. In
many cases, the consumed resource is a pest of agricul-
tural crops or forests. In other cases, bird resource con-
sumption facilitates pollination, or movement and deposi-
tion of seeds, promoting successful plant reproduction in
a surprising number of plant species. When the plants are
of economic or cultural significance, these services can
obviously benefit humans. Bird regulating services also
include consumption of animal carcasses. Whelan et al.
(3) discuss these regulating services in great depth. Of
particular importance is the global reach of these services,
especially with regard to insect control, seed dispersal and
scavenging. Through these services birds have a large,
but as yet mostly un-quantified, impact on ecosystems.
Developing methods to quantify the impact of birds is a
critical research need.

Provisioning services

Many bird species are hunted or kept as pets. As such,

these species are products for human consumption and/or
commerce. Non-domesticated birds have been important
components of human diets historically (6), and many are
still today (7). In developed countries, many are hunted
for consumption and sport (8). Domesticated birds (poul-
try) are important sources of protein around the world.
Broiler exports from the U.S. are estimated at 6.67 bil-
lion pounds for 2008 (9). Bird feathers provide bedding,
insulation, and ornamentation (10-11). Many bird species
modify their environment by activities like nest construc-
tion and in colony-nesting bird species, deposition of gua-
no. In these instances, birds contribute both provisioning
and supporting services.

Policy Implications

Clearly birds are important components of ecosystems
through the contributions of cultural, regulating, support-
ing, and provisioning services. Their services are most
evident when reduced by population declines or removed
during experimental manipulations. Maintenance of bird-
contributed ecosystem services depends upon mainte-
nance of viable populations of the bird species perform-
ing them. We have already lost some ecosystem services
that were provided by birds that have gone extinct or are
nearly extinct. In the U.S., notable species include the
Ivory-billed Woodpecker (regulating — insect pest con-
trol), the Passenger Pigeon (supporting — consumption of
chestnut, oak, and beech mast), and the Carolina Para-
keet (provisioning — feathers and pet trade; and regulating
— cocklebur pest control). Unfortunately, populations of
many bird species are declining, including many species
in the U.S. (12-13), mostly due to habitat destruction. Ac-
cordingly, policies that promote the services provided by
birds should: 1) enhance population size of threatened,
endangered, and declining common species, and 2) aug-
ment the ability of all bird species to provide the ecosys-
tem services. Conservation legislation such as the Endan-
gered Species Act must be fully enforced.

Many human activities potentially affect birds, in some
cases negatively, in other cases positively. While we un-
derstand the response of some bird species to some human
activities, for other species or circumstances, we do not.
Policies must recognize the value of indirect benefits re-
sulting from supporting and regulating ecosystem services
(e.g., control of herbivorous insects) rather than focusing
exclusively on the more direct benefits of provisioning
services (e.g., guano; meat, eggs). We have sufficient in-
formation to predict the short term impact of human activ-
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ities on local bird communities, and in turn, the influence
on the ecosystem services they provide. However, we also
need research to fill existing knowledge gaps.

Policy must support research; education and dissemina-
tion of new research results; implementation of manage-
ment based on science; and monitoring of the imple-
mented management to assess attainment of management
objectives. Research should investigate birds as ecosys-
tem service providers, and how management can enhance
provision of those services. Government policies should
create incentives that encourage public and especially pri-
vate land holders to promote bird conservation. Finally,
government scientists and science advisors must be al-
lowed to do their jobs unfettered. Policy must be guided
by the best available scientific evidence.

Bird distribution and abundance

Birds are found within environments to which they are
physiologically adapted. Beyond that, each species needs
resources that allows it to feed, successfully mate and re-
produce, escape enemies and avoid inclement conditions.
Each species meets these needs in specific ways. Hence,
environmental circumstances that benefit one species may
be less beneficial, or even detrimental, to another. Human
activities that cause local or even widespread reductions
in populations of some bird species may simultaneously
cause population increases in others. Thus, there are few,
if any, “one size fits all” prescriptions regarding public
policy. Many of the specific areas we discuss below are
inextricably intertwined, and policy that affects any one
is likely concomitantly to affect others. Although we rec-
ognize their inter-relatedness, for clarity, we discuss each
area separately.

Global climate change

Global climate change is of concern in its own right, but
also through its effects on other issues, including food pro-
duction and development of alternative energy sources.
Policy recommendations pertaining specifically to food
and energy are discussed below. Global climate change
is already causing shifts in the timing of ecological pro-
cesses (14), and abundance and distributions of numerous
organisms, both animal and plant (15). Changes in abun-
dance and distribution of species are linked to emergence
of disease. The timing of nesting and migration of some
bird species, in particular, has already changed (16), and
may reduce the ability of insectivorous birds to control

populations of plant-eating insects that can influence the
productivity of forest and agricultural systems.

Ecosystem services affected:

Global climate change may affect virtually all ecosystem
services provided by birds, largely in negative ways. Cli-
mate-driven changes in habitat may lead to population de-
clines if habitat changes proceed more quickly than bird
species can adjust ecologically or evolutionarily. Reduced
populations will be less effective at delivering services.

Policy recommendation.

Policy must promote reduction of greenhouse gas emis-
sions to reduce effects of climate change on birds and
other wildlife. Policy must foster research that anticipates
how continued climate change will impact habitats and
the natural resources they support, including birds and
their prey.

Agriculture, food and timber production

No other human activity has converted more of the earth’s
surface from naturally occurring habitat to human-mod-
ified habitat than has agriculture. Currently, about 38%
of the land surface area of the earth is occupied by some
form of agricultural production (arable — or row cropped;
orchards and vineyards; meadow and pasture). As human
populations continue to grow, this amount of land dedi-
cated to agriculture is not likely to decline: world food
demand is expected to double by 2050 (17). Some agri-
cultural practices, such as pastoral livestock grazing, can
be relatively benign for many bird species. Others, such
as intensive row cropping, can be severely detrimental for
most species. We need agricultural practices that promote
efficiency of production without sacrificing suitability of
habitat. Two alternative strategies have been advocated:
“land sparing” and “wildlife-friendly farming.” Fischer
et al. (18) discuss these alternatives in depth and offer a
number of policy recommendations.

Birds can be effective pest control agents in both natural
and managed ecosystems. Relatively simple and inex-
pensive actions, like deployment of nest boxes, hunting
perches, and nesting platforms, boost their effectiveness.
We thus favor wildlife-friendly farming options whenever
feasible. Agricultural set-aside programs, like the Conser-
vation Reserve Program (CRP), which encourage farmers
to convert marginal agricultural tracts from row crops to
fallow vegetation, have increased populations of some
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bird species (19). CRP (and similar programs) may also
enhance pest control exerted by birds. This, and related
research, should be encouraged by specific requests for
proposals (RFPs) within the funding arms of the USDA
and the NSF.

We believe the CRP could serve as a useful model for
exploring alternative strategies of farm management. For
instance, similar incentives to those that encourage farm-
ers to enroll in CRP could encourage farmers to collab-
orate with researchers to devise strategies that combine
provisioning wildlife (bird) habitat with sustained yield
and reduced reliance on pesticides. This proposal revives
“economic ornithology” as first envisioned in the late
nineteenth century as “the interrelation of birds and agri-
culture” (20). This revival may be accomplished, in part,
by habitat management for wildlife (e.g., pest-controlling
bird species) as a component of integrated pest manage-
ment (IPM). Research could examine how tactics like
growing hedge rows or wind breaks among row cropped
fields, no-till practices, direct seeding, etc., simultane-
ously contribute to bird habitat needs while affecting crop
yield. The goal is to manage agro-environments in ways
that provide for high bird species diversity while main-
taining vigorous agricultural production. Milsom et al.
(21) consider related issues with respect to wading birds
inhabiting coastal grasslands in England.

An instructive analysis is that of shade coffee in the trop-
ics (22-23). Currently, IPM programs incorporate inver-
tebrate predators, but as demonstrated above, vertebrate
predators, including birds, can also be effective. Hence,
their inclusion in IPM programs should be implement-
ed where feasible. Use of agroforests and polycultures
should be encouraged especially for perennial crops as
bird effects in agroforests (timber and agricultural crops
grown together) may be equivalent to natural forest habi-
tats (24).

Impacts of forest management practices (timber extrac-
tion) in North America on bird populations, and in turn
their impacts on forest leaf-feeding insects, illustrate this
issue. In so-called even-aged management, patches of for-
est are clear-cut. In contrast, uneven-aged management
simply thins the forest through selective harvest. In the
latter, although no one location is heavily impacted, all lo-
cations receive some impact. Bird populations are equally
affected over the entire logged area. Under even-aged
management, successional species, essentially absent
from closed canopy forest, colonize clear-cuts, while bird

communities in adjacent uncut forest are largely unaffect-
ed. Bird species richness at the landscape level may be
greater than that found with uneven-aged management.
Uneven-aged management is somewhere between even-
aged management and no harvest in terms of the number
of bird species potentially impacted.

The implications for control of leaf-feeding insects (and
resulting tree growth) are not clear at this time. Prolifera-
tion of early successional plant species may lead to high
abundance of insect food in clearcuts. Higher bird abun-
dance may result in greater predation pressure on herbivo-
rous insects attacking regenerating late-successional plant
species and neighboring closed canopy forest.

In eastern North America, clearing of forest at a larger
scale is likely to lead to proliferation of generalist nest
predators and brown-headed cowbirds, obligate brood
parasites that lay their eggs only in the nests of other spe-
cies. The combination of brood parasitism and nest preda-
tion reduces reproductive success and offspring produc-
tion, ultimately contributing to widespread population
declines of many species. Thus intensive timber extrac-
tion at a local scale may actually promote bird species
richness at a landscape scale, but too much clearing will
be detrimental. At this time, we can only guess as to the
effects on forest-feeding insects.

The obvious instrument available to guide farm practice
in the U.S. is the Farm Bill, which is re-authorized by
Congress every five years. Within the U.S. public and
congress, the Farm Bill has both detractors and support-
ers. Detractors highlight direct price supports and tariff
rate quotas that limit imports. These policies cause trade
distortions in world markets to the detriment of U.S. con-
sumers and farmers in poor countries. Supporters point to
conservation provisions like the CRP, the Wetlands Re-
serve Program (WRP), the Grasslands Reserve Program
(GRP), the Environmental Quality Incentives Program
(EQIP), and the Wildlife Habitat Incentives Program
(WHIP). These programs promote conservation of land
and water resources and the wildlife that inhabit the set-
aside acres.

Ecosystem services affected.

Agricultural policies that convert natural habitat to in-
tense crop production negatively affect all ecosystem ser-
vices by causing population declines in affected bird spe-
cies. Policies that promote wildlife-friendly agricultural
practices will positively affect many ecosystem services,
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particularly pest control, pollination, and seed dispersal.
If wildlife-friendly agricultural practices enhance bird
diversity and abundance, they may also lead to greater
opportunities for wildlife watching and hunting, thus pro-
moting cultural and provisioning services.

Policy recommendation:

Policy should enhance the diversity and population sizes
of native bird species, on the one hand, and encourage
inclusion of birds in integrated pest management strate-
gies in agriculture and timber production, on the other.
Programs modeled on the Conservation Reserve Program
should encourage farmers to work with scientists to de-
vise farming practices that promote both high yield and
habitat-friendly strategies. Future reauthorization of the
Farm Bill should maintain the conservation-related provi-
sions like CRP. Furthermore, because crop subsidies and
tariffs cause trade distortions that harm farmers in devel-
oping countries, with negative consequences for conser-
vation of birds and other wildlife, future re-authorization
of the Farm Bill should reduce or eliminate subsidies and
tariffs (see below).

Energy production, particularly biofuels

Energy fuels our society. Reduced reliance on fossil fuels
requires developing alternative energy sources. These al-
ternatives may include renewable sources like solar and
wind, and biofuels like ethanol. Each of these potential
energy sources has some promise and will play some role,
but each has potential drawbacks. Of these alternatives,
biofuels appear to pose the greatest threats to the greatest
number of bird species.

High demand for corn-based ethanol is particularly
fraught with potential problems. Corn, or maize, is one of
the world’s staple foods, particularly in developing coun-
tries, and it is widely used in livestock production. Di-
verting corn from food (human and livestock) to ethanol
production creates numerous down-stream consequences.
These include higher food prices, conversion of soy to
corn production, reduced CRP enrollment and conversion
of lands from non-agricultural uses to corn production
(25). A particularly alarming finding is that shifting pro-
duction from soy to corn in the U.S. leads to clearing of
forest and savannah in Brazil for soy production (26). In
this way, corn-based ethanol production decreases natural
habitat for birds in the U.S. as well as in the tropics, thus
doubly impacting some species.

Technology to produce ethanol from cellulose is expected.
Like other biofuels, cellulosic ethanol involves trade-offs
that could impact birds and other wildlife negatively. In
the absence of incentives or regulations, cellulosic etha-
nol may cause conversion of CRP fields and other wildlife
habitat into cellulose production areas. We should imple-
ment policies that promote wildlife habitat and energy
production simultaneously, such as low-input high diver-
sity native grasslands. Evidence suggests that these may
provide greater energy, higher carbon sequestration, and
less agrochemical pollution than single species plantings,
while providing habitat for wildlife, including birds (27).

Solar and wind-powered electrical generation reduce our
dependence on carbon-based energy production. Solar
and wind can be implemented at small and large scales.
At small scales neither may pose much threat to bird con-
servation. At large scales, both pose considerable threat.
Large-scale solar farms must be sited carefully to avoid
conflicting with habitat needs of fauna and flora. Large-
scale wind farms pose the greatest threat to birds and bats
from aerial collisions (28). Careful placement of wind
turbines must minimize such negative effects. Both tech-
nologies require upgrades to the existing electrical grid
(29). Hence, federal and/or state policy regulations must
guide the placement, operation and maintenance, and
monitoring of both solar and wind facilities, and the trans-
mission line corridors that connect them to the power grid,
to ensure minimal negative consequences to wildlife. We
also encourage grid improvements to accommodate the
electricity generated by them. Policies that support micro-
generation (such as roof-top photovoltaic panels) and net-
metering will limit the need for new large power plants,
wind farms, and transmission line corridors that cause
many environmental concerns.

Nuclear power may be the most controversial alternative
to fossil fuels. With available technology, nuclear offers
the advantages of high production capacity with no green-
house gas emissions and a total carbon footprint compa-
rable to wind production. Nuclear power will play a role
in future energy production. Policies must assure safe use
of the technology and conversion/storage of radioactive
wastes. A potential advantage of nuclear power genera-
tion is the reduction of the need for wind turbines, which,
as noted above, can lead to death of birds and bats.

Ecosystem services affected:

Energy production can negatively affect all ecosystem
services provided by birds if placement of production fa-
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cilities conflicts with habitat needs of birds, or through
increased mortality due to collisions. Biofuels likely pose
the greatest threat to the greatest number of bird species,
and hence their services, because many biofuel alterna-
tives require diversion of lands used for human food, live-
stock feed, or natural habitat to biofuel production.

Policy recommendation:

Promote energy production technologies other than those
based on fossil fuels or biofuels. Biofuel produced from
garbage streams are preferable to those based on corn
or other biomass crops. If biofuel production is neces-
sary, it should be based on growing diverse assemblages
of perennial native plant species, thus providing habitat
for birds that control pests. Federal and/or state policy
regulations must guide the placement, operation, mainte-
nance, and monitoring of both solar and wind facilities to
ensure minimal negative consequences to wildlife. Policy
must also facilitate improvements to the nation’s electric
grid to accommodate the electricity generated by solar
and wind facilities. Oversight and regulation of nuclear
energy production must assure safe implementation and
storage or conversion of wastes. Policies that anticipate
and minimize the environmental impacts of cellulosic
ethanol production should be developed.

Emerging infectious disease

With climate change, increased global travel, and contin-
ued habitat destruction, among other factors, emerging
infectious disease is of growing concern (30-31). Some
diseases for which birds serve as reservoirs, like West
Nile virus (WNV) and highly pathogenic avian influenza
(HPAI) type ‘A’ virus (known as HPAI H5N1) infect hu-
mans, sometimes fatally, and domestic livestock. WNV
spread through the Western Hemisphere quickly follow-
ing its introduction to the east coast of the U.S. in 2000
via migratory birds. HPAI H5N1 has not yet appeared in
the western hemisphere, but it spread widely throughout
much of the Eastern Hemisphere. It may simply be a mat-
ter of time before it is introduced to the Western Hemi-
sphere. An analysis of 52 introduction events of HPAI
H5Nlindicates that both wild and domestic birds are in-
volved (32). These authors hypothesize that introduction
of HPAI H5N1 will most likely arise via importation of
domestic poultry but that subsequent spread throughout
the mainland will be via wild, migratory bird species.

Ecosystem services affected:

Emerging diseases will negatively affect ecosystem ser-
vices provided by affected bird species by decreasing
their populations and, therefore, their capacity to provide
the services.

Policy recommendation:

Promote monitoring of domestic and wild birds to detect
disease threats, along with appropriate control measures.
Mosquito control to reduce transmission of diseases like
WNYV and avian pox, and current vectors for other avian
diseases, needs to follow procedures that minimize non-
target organisms, many of which serve as prey for many
wild bird species. Monitoring of mosquitoes in particular
at ports of entry must be sufficiently funded as to be ef-
fective.

Land management, and habitat preservation
and restoration

Although considerable land area in the U.S. and around
the world is protected in reserves, policies that increase
the number of reserves and the total overall area of pro-
tected lands are critical. In addition, we need policies that
foster best practices concerning multiple-use of protected
sites. Areas negatively affected by past mismanagement
can be restored or rehabilitated to increase usefulness for
wildlife (bird) conservation. An emerging issue regarding
habitat protection is whether geographic distributions of
birds will shift in response to climate change while park
and refuge boundaries remain fixed. Even without range
shifts the land protected in national parks, forests, and
wildlife refuges is insufficient to preserve biodiversity in
the US. Policies that foster good stewardship on private
land are urgently needed. Similarly, public lands not pri-
marily designated for conservation, such as many military
bases, often contain significant biological resources. In-
centives to protect these sites, regardless of the presence
of threatened or endangered species, while preserving the
primary mission, should be strengthened.

While pro- and anti-development advocates may view
preservation, restoration, management, and development
in zero-sum terms (and in cases this is undoubtedly so),
there are many situations in which development and habi-
tat preservation, management and/or restoration can stably
co-exist. Greenways and embedded and connected parks
provide relief from human population congestion for both
humans and wildlife alike, while reduced sprawl concen-
trates the overall impact of human living activities.
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Ecosystem services affected:

Land management emphasizing sustainable development,
and habitat preservation and restoration, will positively
affect all ecosystem services provided by birds.

Policy recommendation:

Policies should foster sustainable development and ac-
count for needs of people, birds, and other wildlife and
flora. We must include ecosystem services as benefits in
cost-benefit analyses of critical habitat by the U.S. Fish
and Wildlife Service, logging restrictions by the U.S.
Forest Service, land reuse plans for military base closure
sites, and lands under the jurisdiction of the Bureau of
Land Management. We must develop incentives, like
CRP and other programs mentioned above, for conserva-
tion on non-agricultural private and public lands. Finally
a small excise tax, similar to that prescribed by the Pitt-
man-Robertson Act, on gear related to wildlife recreation
(e.g., binoculars, spotting scopes; bird feed and feeders)
should be implemented to generate additional funds to be
used specifically to acquire lands for non-game wildlife
habitat and to promote management and/or restoration of
lands for non-game wildlife conservation and research.
Bird watchers should be encouraged to buy Federal Duck
Stamps, and we should develop a similar program of col-
lectible permits for non-game species.

Wild bird trade

Trade in wildlife, including birds, is a global phenome-
non that impacts untold animals. Wildlife trade not only
threatens conservation of wildlife, it also threatens human
livelihood via transmission of disease to humans and live-
stock, disruption of trade, and the health of ecosystems
(33). Imported wildlife are more likely to escape and es-
tablish than their captive bred counterparts (34). Often,
rare, threatened and endangered species demand higher
prices for the traders and garner more prestige for the
owner (35). While all of these considerations may argue
for complete bans on wild bird trading, Cooney and Jep-
son (35) advocate an alternative approach based on the
“conservation potential of market-led mechanisms that
seek to reform trade chains to make them more ethical
and sustainable” (p. 18).

Ecosystem services affected:

Wild bird trade causes population declines of some spe-
cies, though largely in countries other than the U.S. To
the extent that such declines affect ecosystems harboring
U.S. migrants, such declines could affect populations of

species that provide regulating and supporting services
in the U.S. Escape and establishment of imported exotics
can be extremely disruptive and damaging to ecosystems
in the U.S., and could negatively affect services provided
by all affected native species. Decline of cavity-nesting
species like woodpeckers, nuthatches, and bluebirds fol-
lowing the establishment of the European Starling, for in-
stance, decreased the effectiveness of insect pest control
provided by the affected species.

Policy recommendation:

Policy should promote research investigating effective-
ness of control versus market approaches to regulating
wild bird trade. Policies should also promote improved
management of wild bird trade and enforcement of trade
controls.

World trade and international treaties

Many of the world’s bird species are migratory, including
a majority of the species inhabiting the U.S. Conservation
of these species, therefore, must account for their habi-
tats and resources during migration and on their winter-
ing area. Most long-distance migrants that breed in the
U.S. overwinter in Central and South America, as well
as the islands of the Caribbean Sea. The U.S. has interna-
tional treaties and agreements with other nations the goal
of which is to conserve biodiversity and sustain the bio-
sphere. For such agreements to be effective, governments
must be willing to enforce them, and this means providing
sufficient funds and personnel.

Beyond international agreements relating directly to con-
servation are those governing business and commerce,
like the North American Free Trade Agreement (NAF-
TA). While some see free trade agreements and globaliza-
tion as threats to sustainability and environmental quality,
others argue that such agreements are critical for raising
standards of living (36-37). Trade distortions work against
development of sustainable agriculture, food and timber
harvest in developing nations (36). In particular, large
subsidies for U.S. farmers work against farmers in devel-
oping nations. Lowering U.S. barriers on farm trade can
boost incomes of farmers in poor countries, and thereby
reduce global poverty (38). Increasing standards of living
in developing countries may, in turn, benefit conserva-
tion practices in those countries and raise the capacity of
those countries to purchase U.S. products. Improved con-
servation measures in developing countries will likewise
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benefit both resident and migratory birds that spend parts
of their annual cycles in those countries.

Ecosystem services affected:

To the extent that trade policy enhances conservation
practices at home and abroad, potentially all ecosystem
services provided by birds will be positively affected.

Policy recommendation:

Policies should be adopted that reduce or eliminate trade
distortions via trade agreements (such as the Doha Round
negotiations of the World Trade Organization) and through
revision of domestic bills like the Farm Bill when periodi-
cally re-authorized.

Adequate monitoring

Monitoring programs critically inform conservation and
restoration efforts. Birds are ideal bio-indicators because
they occur in nearly every habitat worldwide and occupy
a variety of trophic levels and functional groups. Birds
are ideal for monitoring programs because they provide
SO many ecosystem services. A comprehensive monitor-
ing program should estimate population sizes and trends,
demographic variables such as nesting success, and some
measure of habitat use (39). The most useful programs
monitor all species in an area (40) although no specific
survey method works equally well for all species. Identi-
fying population declines and their causes allows action
to reverse declines before needing to list a species as en-
dangered or threatened, a strategy more cost effective than
currently is the case under the Endangered Species Act.

Existing bird monitoring programs include the Christmas
Bird Counts (CBC, since December 25, 1900) and Breed-
ing Bird Survey (BBS, since 1966). The CBC is conduct-
ed once every year between December 14 and January
5 at sites across North America. It has proven useful for
tracking trends in wintering bird populations. The BBS
is also conducted once each year but in late May or early
June and has yielded data on breeding bird population
trends. An additional benefit of the CBC is the partici-
pation of (indeed the reliance upon) volunteers. Because
neither program includes a habitat component, causes of
populations trends cannot be directly determined. Two
more recent nation-wide monitoring networks (LTER-
Long Term Ecological Research, and NEON-National
Ecological Observatory Network) are much more com-
prehensive but unfortunately lack systematic nation-wide
bird monitoring components.

Policy recommendation:

National monitoring programs should be supported. This
will require investment of money and personnel to ad-
equately staff agencies in charge of the programs as well
as implementing the Endangered Species Act. Volunteer
“citizen scientists” can be used to the extent possible.

Monitoring needs to track:

e Demographic changes of bird species, particularly
threatened, endangered and other species of conser-
vation concern;

e Incidence of diseases in wild and domestic species;

e Incidence of bird mortality at wind turbine farms;

e Number and identity of birds subject to trade;

e Pesticide levels in vulnerable species.

Conclusions

The world supports something over 10,000 different bird
species. Birds are found on every continent. Birds con-
tribute important ecosystem services that enrich humans
culturally, enhance food and timber production, and sup-
port the earth’s ecosystems. Perpetuation of the numerous
and important services provided by birds requires perpet-
uation of the species providing them. No single species or
small group of species can sustain such services by itself.
Thus preservation of the world’s entire avian fauna is re-
quired. Policy must first and foremost enhance conserva-
tion of the world’s bird species.

Specific recommendations

Bird conservation

Promote bird services by: 1) enhancing population size
of threatened, endangered, and declining common spe-
cies, and 2) augmenting the ability of all bird species,
threatened or not, to provide their services. Fully enforce
conservation legislation such as the Endangered Species
Act.

Global climate change

Foster research that anticipates how continued climate
change impacts habitats and the natural resources they
support, and the distribution and timing of activities of
birds and their prey.

Agriculture, food and timber production

Include birds in integrated pest management strategies
in agriculture and timber production. Programs modeled
on the Conservation Reserve Program could encourage
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farmers to work with scientists to devise farming prac-
tices that promote both high yield and wildlife habitat.
Future re-authorization of the Farm Bill should reduce or
eliminate subsidies and tariffs that cause trade distortions,
while maintaining conservation-related provisions.

Energy production, particularly biofuels

Promote production of alternatives to fossil fuel and bio-
fuels, particularly the use of solar and wind energy. Fed-
eral and/or state policy regulations must guide the place-
ment, operation and maintenance, and monitoring of both
solar and wind facilities to ensure minimal negative con-
sequences to wildlife. Oversight and regulation of nuclear
energy production must assure safe implementation and
storage of wastes.

Emerging infectious disease

Promote the monitoring of domestic and wild birds for
current and emerging disease threats, and, when avail-
able, appropriate control measures. Mosquito control to
reduce transmission of diseases like West Nile virus and
avian pox, and current vectors for other avian diseases,
must follow procedures that minimize non-target organ-
isms, many of which serve as prey for many wild bird
species.

Land management, and habitat preservation and restora-
tion

Foster sustainable development accounting for the long-
term needs of people, birds, other wildlife, and flora.

Wild bird trade

Promote research that investigates effectiveness of control
versus market approaches to regulating wild bird trade.
Promote policies that emphasize improvements in trade
management or enforcement of trade controls.

World trade and international treaties

Reduce or eliminate trade distortions through trade agree-
ments (such as the Doha Round negotiations of the World
Trade Organization) and through revision of domestic
bills like the Farm Bill when periodically re-authorized.

Monitoring

Support and promote national monitoring programs. This
requires investment of money and personnel, and should
use volunteer “citizen scientists” to the extent possible.
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