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invading equipment. Realize that some things are inherent to the environment
and work cooperatively with the operator to minimize risk as much as possible.

e Be adaptable and change plans to fit new information. Clearly communicate
changes, both verbally and in writing.

e Be mindful of pay incentives for crew members because they can undermine
environmental protection measures. See if the operator is willing to consider in-
centives for environmental sensitivity.

e Ask questions ... lots of them! You might inspire someone to think of a better
way of doing a task.

To be the first at anything is not easy. Management of the first 3D seismic
operation in a national park certainly posed many challenges and questions without
easy answers. Our counterparts in the U.S. Fish and Wildlife Service as well as
Louisiana Department of Wildlife and Fisheries provided invaluable suggestions
during the p anninF phase of this operation. The common sense and scientific
knowledge of the field monitors filled in many information gaps during the operation.
Although woefully lacking in 1997, the published literature 1s now addressing many
issues common to 3D seismic operations. And it is our hope that other resource
managers can learn from our experiences. To facilitate that information exchange, in
May 1998 we hosted a three-day workshop for other parks with nonfederal oil and

as rights to observe the field operations in the park. (gther parks will certainly have
the opportunity to learn from their own experiences. As 1998 drew to a close, Bi
Thicket National Preserve (Texas), Big Cypress National Preserve (Florida), an
Padre Island National Seashore (Texas) were all in the planning or implementation
process for 3D seismic operations, and more are likely to !I;llow.
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Adartive Management on the Colorado River in Grand Canyon: Lessons and
Challenges

ROBERT A. WINFREE, Grand Canyon National Park, SWFSC-RMRC, 2500 South
Pine Knoll Drive, Flagstaff, Arizona 86001

The Colorado River drains a 250,000-sq-mi area stretching from Wyoming to
Mexico. Today, more than 25 million people depend on the river for their i’xousehold
water. Millions more depend on it for their livelithood. The human history of the
river is a complex mix of events. Its waters have been diverted for human uses for
over a thousand years. However, the Colorado River Basin remained largely un-
described until John Wesley Powell led an exploration down the Green and Colo-
rado Rivers in 1869.

In 1905, the Gila River, a tributary of the Colorado, decimated California’s Im-
perial Valley through 18 months of severe flooding. In the ensuing years, concerns
over flooding and future water rights led six states to form an interstate compact, the
Colorado River Compact of 1952. This agreement divided use of the Colorado’s
water between states upriver and downriver of Lees Ferry, Arizona. With later
agreements and court decisions that subdivided water allotments among the states
and with Mexico, it then became possible to undertake development of water re-
sources throughout the entire Colorado River Basin. The plan, which was laid out in
the Colorado River Storage Project Act of 1956, authorized four large reservoir pro-
jects, including one to be built at Lees Ferry, the dividing line between the Upper
and Lower Basins. This project would become Glen Canyon Dam. Like other stor-
age projects, Glen Canyon Dam was designed to regulate the flow of the Colorado
River, store water for beneficial consumptive use, provide for the reclamation of arid
and semiarid land, control floods, and maximize revenue from power generation.
Creation of Lake Powell would also benefit the local economy, provide recreation,
and enhance downstream wildlife habitat for several species. K/Iore specifically, the
27-million-acre-foot capacity of Lake Powell would make it possible for the Upper
Basin states to meet their c}:)wnstream water delivery obligations without severely
curtailing use upstream during periods of extended drougEt. Excess runoff during
wet years could simply be stored in Lake Powell to meet the needs of Lower Basin
states during dry years.

However, the completion of Glen Canyon Dam in 1963 had substantial side ef-
fects, too. It submerged Glen Canyon under several hundred feet of water, and it
markedly altered the Colorado River through Grand Canyon. The natural cycle of
seasonal flooding was interrupted, except for rare high-runoff events, such as an un-
planned flood that occurred in 1983. Sediments once carried by the river became
trapped in the upper reaches of Lake Powell, creating a precarious balance between
transport of sediment into and out of the downriver system. At the same time, power
plant peaking operations were causing river levels to fluctuate as much as 13 ft a day,
stranding people, boats, and fish, eroding beaches, and causing havoc with life cycles
of aquatic organisms. As the reservoir filled, seasonal variations in water temperature
also declined. Stabilizing at 46-48° F, releases fell well below the optimum for suc-
cessful reproduction of native fish and became dangerously cold for whitewater boat-
ers.

How were these environmental changes allowed to happen? Glen Canyon Dam
was built before passage of the U.S.’s principal environmental legislation: the Na-
tional Environmental Policy Act of 1969, the Endangered Species Act of 1973, and
the National Historic Preservation Act of 1966. While the 1nitial construction was
not affected by these acts, later changes would be subject to their requirements. In
the early 1980s, the Bureau of Reclgamation began p{anning Improvements to in-
crease power capacigr and peaking power output. Bureau managers knew that com-
pliance studies would be required for these improvements, and tEey formed the Glen
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Canyon Environmental Studies program to provide the information they needed. In
1989, after having reviewed the program’s Phase I findings together with a report by
the National Research Council, lS)ecreltary of the Interior %/Ianuel Lujan made the de-
cision to undertake an Environmental Impact Statement (EIS) on the full operations
of Glen Canyon Dam. This decision was incorporated and expanded upon in the
Grand Canyon Protection Act of 1992 (GCPA). The GCPA also confirmed broader
natural, cultural, and recreational values associated with the river, and it directed the
secretary to operate the dam to protect, mitigate adverse impacts to, and improve or
enhance the values for which Grand Canyon National ParE and Glen Canyon Na-
tional Recreation Area were established.

The EIS identified a broad range of stakeholder concerns. Nine alternative oper-
ating criteria were evaluated in detail. These fell into three broad groups: unre-
stricted fluctuating flows, restricted fluctuating flows, and steady flows (adjusted
monthly, seasonally, or annually). To protect resources and recreational users while
the EIS was being prepared, an interim “low-fluctuating flows” alternative was im-
plemented on 1 August 1991. A programmatic agreement was implemented in 1994
to address the requirements of the Ngational Historic Preservation Act, and an infor-
mal interagency transition work group was established to improve communication
among an expanded group of cooperating agencies and organizations.

The preferred alternative identified by the EIS was to allow “modified low-
fluctuating flows.” It established minimum and maximum releases and put controls
on daily fluctuations and ramping rates. This alternative was expected to protect the
tail water trout fishery, improve angler and boater safety, and maintain sediment in
the downriver system, sediment that could be mobilized through flooding to replen-
ish sand bars and protect traditional cultural properties. Other elements of the pre-
ferred alternative included implementation of an adaptive management program,
resource monitoring and research, planned beach-habitat-building flows (BHBFs),
and prevention of unanticipated flooding events, such as had occurred in 1983. The
EIS also called for establishment of an independent monitoring and research center
to plan and implement studies required under the GCPA.gThe Grand Canyon
Monitoring and Research Center (GMCRC) was established to meet this require-
ment in November 1996, overlapping the final phase of the Bureau’s Glen Canyon
Environmental Studies program by one year.

An important element of the preferred alternative was BHBFs, also known as
“spike floods” or “controlled floods.” They were intended to restore some elements
ofpthe natural seasonal flooding cycle. Planned floods were anticipated to occur ap-
Eroximately once every five years, usually during early spring. Like natural floods,

HBF's were expected to include a mix of resource benefits and costs (Table 1). An
experimental flood was planned for 1994, was postponed, and planned and post-
poned again in 1995. Finally, after negotiations to revise the preferred alternative for
consistency with the Law of the River, all hurdles were overcome and the stage set
for a seven-day flood during March and April 1996. This experimental flood was
extraordinarily successful at mobilizing an redistributini sand from the riverbed,
although apparently not powerful enough to rejuvenate backwater channels or to
scour the exotic tamarisk from river banks. Although some non-native fishes were
tempo.rar.i%y displaced downstream, neither native or non-native fish populations
were significantly affected in the long term.

Six months later, Secretary of the Interior Bruce Babbitt signed the record of de-
cision implementing the preferred alternative from the final EIS—with one very sig-
nificant change. The conditions under which a BHBF could occur had been altered
in a last-minute compromise to avoid a lawsuit from the states. This change dictated
that BHBFs “will be accomplished by utilizing reservoir releases in excess of power
plant capacity required for dam safety purposes.” This minor change in wordin
would present a confounding set of czaﬁenges for the people who would plan an§
implement future floods. Releases required for dam safety purposes are not easily
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Presumed beneficial:

Rebuilding of sandbars and camping beaches

Protection of eroding cultural resources

Deposition of nutrients

Scouring and rebuilding of backwater channels

Scouring of exotic riparian vegetation

Flushing of non-native fishes downstream

Rare opportunities to test flood-related scientific hypotheses
Opportunities to educate the public about ecosystem restoration

Considered detrimental:

e Riparian habitat loss within the flood zone

e Increased mortality of less-mobile wildlife within the flood zone
e Temporary interruption of some recreational uses

e Lost power revenue and replacement power costs

Table 1. Predicted effects of BHBFs

predicted, so the decision for or against a spike flood would either have to be made in
a hurry, or planners would need to evaluate and develop decision criteria for the full
range of possibilities, including spills in any month or year when watershed runoff
might dictate. Even more importantly, the decision to shift floods from low-water to
very-high-water years meant that any BHBF would almost certainly be followed by
sustained high releases. This means that the newly formed beaches could be sub-
jected to highly erosive flows for as much as several months after the flood. This
would have profound implications for the long-term stability of newly formed
beaches, as we saw during 1996 and 1997, when much of the sediment added to
beaches during the 1996 spike flow was washed back into the eddies.

On 15 January 1997, Secretary Babbitt signed the charter for an adaptive man-
agement work group (AMWG). This group, established under the authority of the
Federal Advisory Committee Act, was charged with advising the secretary on matters
related to implementation of the GCPA. The duties and functions of the AMWG are
advisory, since federal agencies cannot delegate their decision-making responsibili-
ties. The charter identified 25 participating stakeholder groups, including five federal
and one state agencies, six Native American tribes, seven basin states, two environ-
mental groups, two recreation groups, and two federal power purchase contractors.
The maicup ensures that no interest group has a clear voting majority. Cooperation
is thus essential for the committee to function effectively.

The AMWG met for the first time in September 1997. One of their first actions
was to designate a subgroup, known as the technical work group (TWG) to handle
the detail work for the AMWG. Every AMWG organization has one representative
on TWG, except for the National Park Service (NPS), which has one representative
each for Grand Canyon and Glen Canyon. The U.S. Geological Survey was also
added to the TWG because of their significant scientific presence in the canyon.
Formation of TWG completed five of the six elements of tge adaptive management

rogram structure as proposed in the EIS. The five elements are tEc secretary of the
nterior, the AMWG, the secretary’s designee (who leads AMWG), the TWG (led by
an elected chairperson), and the GCMRC. The sixth element, an independent re-
view panel, will be in place by early 1999.

TEC AMWG meets twice annually, and the TWG meets about once or twice a
month. Adaptive management is an experiment and early indications are that it is
working. However, its long-term prospects depend to some degree on how well we
handle nine challenges in three basic areas.
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We must promote cooperation, not competition, among participants.

Maintain trust. Participants must bring issues to the table and to work towards
consensus for this process to work. If members opt unilaterally to apply political,
legal, or economic pressures to force actions, the team spirit will deteriorate and
issues will become 1ncreasingly polarized. Most of the members are working co-
operatively, although political end-runs still happen occasionally when partici-
pating organizations feel they will be unable to convince the group of the impor-
tance of their issue.

Maintain confidence. It has become apparent that large elements of the program
budget may be controlled by agreements made outside the AMWG, but still
within the influence of individual members. This is partly a consequence of fed-
eral regulations that do not allow agencies to delegate certain responsibilities and
it is partly a reflection of resistance to participatory decision-making. Either way,
it can lead to frustration if members feel their recommendations about priorities
are being disregarded.

Maintain the participation of knowledgeable and committed people. The
pace of activity has been very rapid, and participation as a TWG representative
demands from 10% to 50% of an individual’s time. Travel and salary costs of
most members are not covered by the adaptive management program budget.
Consequently, several organizations have participated only intermittently and
some of the most active members have been replaced with less-experienced rep-
resentatives from their organizations. Costs onarticipation must be kept low,
and financial support may be necessary to ensure continued participation for
some members, including tribes and nongovernmental voluntary organizations.

We should embrace an ecosystem' approach.

Avoid the trap of single-issue management. We must work to restore natural
ecological processes to maintain the sustainability and biodiversity of the eco-
system as a whole, while anticipating and mitigating the effects on rare or non-
renewable resources, and on economies and communities. The record of deci-
sion attempted to optimize for a wide range of resources, some of which were
expected to benefit more than others. Advocates of single-issue resource man-
agement may become impatient with progress in some areas.

Ensure long-term monitoring. WE: must continue to refine the long-term
monitoring plan to ensure that consistent protocols are followed for data collec-
tion, record-keeping, and evaluation, and that a broad complement of resource
indicators are studied.

We should learn from experience, and apply the lessons learned.

Remember the plan. We must evaluate the preferred alternative that was identi-
fied in the final EIS for long enough to document whether it is working before
we call for changes to the record of decision.

Keep adaptive management adaptive by ensuring that managers continue to
embrace experimentation, incorporate new findings in their decision processes,
and involve a full complement of stakeholders in a cooperative advisory role.
Manage for efficiency. The adaptive management program is currently bud%-
eted for about $7-8 million annually, of which about three-quarters is available
for monitoring and research. Most of the research, monitoring, and administra-
tive costs are covered by power revenue, which has been constrained for several
years by restrictions on daily fluctuations. Economic studies indicate the cost of
restricted flows may be in the range of $25-35 million annually, while economic
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benefits (for both users and non-users) were estimated to be about $60 million
annually. Stakeholders agree that consideration of economic costs and benefits
to society are valid aspects of ecosystem management.

9. Remember the mission. These NPS areas are national treasures, established to
“...conserve the scenery and the natural and historic objects and the wild life
therein and to provide for the enjoyment of the same in such manner and by
such means as will leave them unimpaired for the enjoyment of future genera-
tions.”

Will adaptive management help those of us in NPS to meet our mission? Time
will tell. There will be many turbulent rapids to navigate, and doubtless a few unfore-
seen dangers, but the crew for this expedition is eager to go and the boat seems
pointed in the right direction.
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Reserve Design for Grasslands: Considerations for Bird Populations

DOUGLAS H. JOHNSON, U.S. Geological Survey Biological Resources Division,
Northern Prairie Wildlife Research Center, 8711 37th Street SE, Famestown,
North Dakota 58401

MAIKEN WINTER, College of Environmental Science and Forestry, State University of
New York, Syracuse, ﬁfew York 13210

When you think of a park, you probably think of trees. Maybe mountains. Or
possibly a lake or oceanfront. You probably don’t think oflprairie. Prairie? That’s
Just ... well, grass. What can you do there? Certainly no fishing. No trees to camp
under. And no majestic mountains to view.

And so it is. Huge areas of trees are given some protection in national and state

arks and forests. America’s national par%;s contain a large percentage of mountains.
And lots of lakes and ocean shorelines are included in national seashores and other

reserved areas. But prairies? Very little prairie has been included in parks (Flores
1996). For example, only 0.4% of National Park Service (NPS) lands are in grass-
land, and most of that actually represents badlands formations, atypical of prairie
(Licht 1997). Most national parks with tallgrass prairie habitats were preserved for
their cultural, rather than natural, features and thus tend to be small, isolated, and
surrounded by urban areas or intensive agriculture.

This lack of attention to grasslands is reflected in the fact that prairies are amon
the most endangered ecosystems in the United States. Noss et al. (1995) indicate§
that 55% of all critically endangered ecosystem types in the nation were grassland,
savanna, or barren. Most states have lost 99% or more of their native tallgrass prairie
(Samson and Knopf 1994). Much grassland has been cultivated, primarily because of
the rich soils underlying, and originally created by, the grassland.

Grasslands are ieginning to receive due consideration. But progress is slow:
Tallgrass Prairie National Preserve was created in the Flint Hills of Kansas, but it met
resistance from local land-owners and politicians (see Madson 1995, 289). Cur-
rently, 4,449 ha have been acquired by the National Park Trust, and are managed bsy
NPS (NPS 1997, 45). Other agencies are getting increasingly involved. The U.S.
Fish and Wildlife Service, for example, is working on a northern tallgrass prairie
habitat preservation area in western Minnesota and northwestern Iowa, intended to
protect and enhance prairie remnants there (USFWS 1998). The Nature Conser-
vancy has made native prairie a high priority in the Midwest. Canada developed a
Prairie Conservation Action Plan, intended to protect representative prairies and
encourage appropriate land-use practices (Dyson 1996). Igucks Unlimited-Canada
has an emphasis on protecting native grassland (Anderson et al. 1996) and Ducks
Unlimited, Inc., is initiating a major effort to preserve grasslands in the northern
prairies of the USA (J. Ringelman, 6ucks Unlimited, Inc., personal communication).

In addition to protection, the restoration of prairies is receiving greater attention.
Most efforts are small-scale; the largest is the U.S. Fish and Wildlife Service’s attempt
to reconstruct tallgrass prairie and savanna on the Neal Smith National Wildlife Ref-
uge, about 2,000 ha of {owa fields used for decades to grow corn and raise livestock.
Two recent books (Thompson 1992; Packard and Mutel 1997) focus on the restora-
tion of prairies and allied Eabitats. Two journals, Ecological Restoration and Restora-
tion Ecology, regularly feature articles on the re-establishment of prairie.

Birds are particularly an issue in grasslands, as many grassland-dependent species
have been declining in number. North American Breeding Bird Survey results indi-
cate that grassland species have shown greater and more consistent declines than
other groups of birds (Droege and Sauer 1994). In reco%nition of the plight, the U.S.
Department of the Interior (1996) recently developed a conservation strategy for
grassland birds.
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Fortunately, heightened interest in grassland birds has led to greater research at-
tention. The objective of this article is to review relevant findings, particularly land-
scape issues to consider when designing grassland reserves for breeding birds.

What are Prairies?

Prairies (also known as “grasslands”) are biological communities dominated by
grasses and forbs, but few trees or shrubs (Risser et al. 1981). Althoulgh grass species
make up most of the plant biomass, a majority of species are forbs ? reeman 1998).
In grasslands, sunshine is ample, so plants need not devote a lot of their growth to
leaves. Conversely, rainfall is low, so prairie plants have deep roots that capture as
much of the limited water as possible. Although prairies look much less luxuriant
than forests, they contain similar biomass, but most of it (67-80%) is below ground
(Madson 1995; Rice et al. 1998). Not only is much of the plant material hidden, so
too are most other living things, notably mycorrhizae, bacteria, and trematodes.
Subterranean invertebrates constitute about 10 times as much biomass as their
above-ground counterparts (Ransom et al. 1998).

Grasslands are nonequilibrium ecosystems, maintained by disturbances, notably
drought, fire, and herbivory (Knapp and Seastedt 1998). Without such treatments,
ecological succession will transform grassland into shrubland or woodland, de-
pending on the precipitation reﬁime. Attacks on above-ground growth—whether by
fire, herbivore, or mowing machine—are well-tolerated (Manning 1995) because of
the plants’ deep root systems, and because the growth points of grasses are near the
soil surface. Droughts, while termed catastrophes by humans, are a normal phe-
nomenon, without which prairies would not exist (Manning 1995). Lack of moisture
by itself is not sufficient to support prairie, however; other disturbances are neces-
sary. The major ones are fire and herbivory.

Fire maintains grassland, especially in the eastern tallgrass prairie, where precipi-
tation 1is adequate to support forest vegetation. The build-up of highly combustible
dead grasses and forbs, open terrain that allowed winds to carry a fire long distances,
and frequent summer thunderstorms that brought the match of lightning, all contrib-
uted to recurrent prairie fires. In the more xeric shortgrass prairie of the west and
mixed-grass prairie between the shortgrass and tallgrass prairies, grazing by huge
herds of bison (Bos bison), elk (Cervus elaphus), and pronghorn (Antilocapra ameri-
cana), often in combination with fire, helped maintain prairie.

Americans have been ambivalent in their attitudes toward grasslands. To Euro-
pean ploneers, the prairies were a painful obstacle hindering them from getting from
the eastern states to the West Coast, where gold was to be found. Or, for those who
settled in the vast midsection of the nation, prairie was something to be turned up-
side down in order to farm. Yet, for some settlers, after trekking through hundreds of
miles of thick forest, “seeing prairie was like seeing sun for the first ime” (Madson
1995, 15). Humans had evoglvcd In savannas, grass%ands interspersed with scattered
trees, so the “rush of freedom felt on encountering an open vista of grassland is racial
memory” (Manning 1995, 51).

One reason that prairie has been underappreciated may be that much of it is hid-
den from view. But, as noted by William Least Heat-Moon, “The prairies are noth-
ing but grass as the sea is nothing but water” (Knapp et al. 1998). Prairies harbor
vitally important biological resources, including many endangered and threatened
species, such as the black-footed ferret (Muste%a nigripes), western prairie fringed
orchid (Platanthera praeclara), and Dakota skipper {Hesperia dacotae). In Minne-
sota, 102 of 287 endangered species occur in prairie (Tester 1995). Some species are
ghosts of prairies past; the plains grizzly (Ursus arctos) and gray wolf (Canis luipus)
were dominant predators before settlement by Europeans. ’I%IC elimination of these
and other keystone species severely disrupted biotic communities.
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Birds of the Prairie

A typical prairie contains fewer bird species than does the same area in forested
habitats: for example, three to five species in 10 ha, versus 10-30 in eastern decidu-
ous forest. Nonetheless, at a large scale prairies support considerable avian diversity:
42 regular breeders on the Konza tallgrass prairie in Kansas (Kaufman et al. 1998),
and 80 breeding species in the mixed-grass prairie in North Dakota (Johnson 1996).

Although the species richness of grasslands is relatively low, the ecosystem is es-
sential for the survival of several bird species, such as burrowing owl (Athene cu-
nicularia), mountain plover (Charadrius montanus), Sprague’s pipit (Anthus spra-

werr), Henslow’s sparrow (Ammodramus henslowii), and g;ird’s sparrow (Ammo-
glmmus bairdii).

Loss, degradation, and fragmentation of grassland habitats have contributed to
the apparent decline of several grassland bird species (Herkert et al. 1993). Pre-
scribcéJ burning, grazing, and haying are used to maintain existing prairies or restore
prairie habitats. Different grassland bird species react differently to these treatments.
The habitat requirements and responses to mana};cmcnt have been the subjects of
numerous studies (although many of them suffer from lack of replication, controls,
and random assignment o trcatmcntsg. Syntheses of the literature on many grassland
bird species are available on the Web (see USGS-BRD 1999). This article empha-
sizes landscape issues, especially those related to habitat fragmentation.

Habitat fragmentation involves the separation of large, contiguous areas of habitat
into smaller patches isolated from one another. Three types oﬁ:ffects of fragmenta-
tion can be (ﬁstinguished: patch size effects, edge effects, and isolation effects. Patch
size effects are those that result from diﬂ"erentia% use or reproductive success associ-
ated with habitat patches of different sizes. Some of these effects may be induced by
edge effects—phenomena such as avoidance, predation, competition, or brood para-
sitism that di}f)'er near a habitat edge compared with the interior of a habitat patch.
And isolation from similar habitat can influence use of a particular habitat patch.

Each of these factors can affect (1) the occurrence or density of birds using a
habitat patch; (2) reproductive success, either through predation rates on eggs or
young or through brood parasitism rates; or (3) competition with other species. Ef-
fects due to competition are not well-known, but studies on the other features are
summarized next.

Patch size effects: occurrence and density. Species that have lower densities or
are absent from small habitat patches are rczc,:rrcd to as “area-sensitive” (Robbins
1979). Species with large home ranges, such as greater prairie-chicken (Tympa-
nuchus cupido), upland sandpiper (Bartramia longicauda), and northern harrier
rCi'rcus cyaneus), are typical area-sensitive species that are rarely present in small
1abitat patches. But even species with territories small enough to easily fit in small
habitat patches can be area-sensitive, for reasons which are as yet poorly understood.
Several grassland passerines have been identified as area-sensitive in different geo-
graphic areas: Baird’s sparrow and grasshopper sparrow (dmmodramus savanna-
rum) in Prairie Canada (McMaster and Davis 1998); Baird’s sparrow, among others,
in the northern Great Plains of the USA (Johnson et al., in preparation); grasshopper
sparrow and western meadowlark (Sturnella neglecta) in Minnesota (Johnson and
Temple 1986); Henslow’s sparrow in Missouri (\{’inter 1998); grasshopper sparrow,
Hensjl)ow’s sparrow, bobolink (Dolichonyx oryzivorus), savanna%l sparrow (Passercu-
lus sandwic/ﬁnsis), and eastern meadowlark (Sturnella magna) in Illinois (Herkert
1994); bobolink, savannah sparrow, Henslow’s sparrow, and grasshopper sparrow
in New York (Bollinger 1995); and vesper sparrow (Pooecetes gramineus), savannah
sparrow, grasshopper sparrow, bobolinI]:, and eastern meadowlark in Maine (Vickery
et al. 1994). The extent of area sensitivity, however, varies geographically, probably
because it depends on the structure of the landscape surrounding a prairie patch (see
below).
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Consistent with their area sensitivity, few grassland-dependent birds were ob-
served by Powell (1998) in surveys of three tallgrass prairie national parks, all of
which were small. In contrast, she found that the 4,449-ha Tallgrass Prairie National
Preserve supported large numbers of area-sensitive species such as grasshopper spar-
row, greater prairie-chicken, eastern meadowlark, and upland sandpiper (A. N. Pow-
ell, personal communication).

Patch size effects: nest success. Burger et al. (1994) indicated that artificial nests
survived at a higher rate in larger than in smaller prairie patches in Missouri, but arti-
ficial nests may not accurately reflect real nests. Winter (1998) recently showed that
dickcissels (Spiza americana) were more successful in larger than in smaller prairies
in Missourl.

Edge effects: occurrence and density. Wiens (1969) suggested that savannah
sparrows, grasshopper sparrows, and vesper sparrows tended to avoid forest edges
in Wisconsin. Delisle and Savidge (1996) indicated that few grasshopper sparrow
nests were located within 60 m of a habitat edge in Nebraska. %—Ielzer (1996) found
that, in wet meadows along the Platte River in Nebraska, grasshopper sparrows
avoided woody and cornfield edges, and bobolinks avoided woody edges.

Edge effects: predation. Nests of bobolinks and western meadowlarks in Minne-
sota that were >45 m from a habitat edge were more successful than those that were
closer (Johnson and Temple 1990). Burger et al. (1994) reported that artificial nests
<50 m from woody edge 1n Missouri were depredated at greater rate than those far-
ther away. Delisle and Savidge (1996) found no edge effect for grasshopper 1\slf)arrows
in Nebraska. Winter, Johnson, and Faaborg (in review) reported that, in issouri,
predation rates on Henslow sparrow and dickcissel nests were higher near shrubby
edges, and that there was more activity by mid-sized carnivores near edges.

Edge effects: brood parasitism. Brown-headed cowbirds (Molothrus ater) lay
their eggs in the nests of other species, thereby reducing the productivity of the
hosts. fohnson and Temple (1990) detected hig{xer parasitism rates of nests within
45 m of forest edge for the clay-colored sparrow (Spizella pallida) and western
meadowlark in Minnesota. In Missouri prairies, Winter, Johnson, and Faaborg (in
reviewf found higher parasitism rates for nests within 50 m of shrubby edge.

Isolation effects: occurrence and density. Winter (1998) reported that, for south-
western Missouri, Henslow’s sparrow and dickcissel densities were greater in
patches with more grassland within 5 km, and were lower in patches with more forest
within 5 km. J. R. Herkert (personal communication) indicated that grasshopper
sparrows and bobolinks in Illinois were encountered more frequently in large
patches with greater amounts of grassland within 5 km.

Isolation effects: nest success. Winter (1998) found that dickcissel nest success
was higher in Missouri prairies with greater areas of grassland within 5 km.

Interactions and regional variation. Some features mentioned above may inter-
act, or operate differently in different areas. For example, Winter (1998) detected an
interaction between patch size and landscape in Missouri, where Henslow’s sparrow
densities were independent of patch size in landscapes with a lot of grassland,
whereas in forested landscapes gensities were lower in small patches than in large
patches. She also noted that Henslow’s sparrows occurred in 30-ha patches in Mis-
souri, whereas Herkert et al. (1993) indicated that they required patches exceeding
100 ha in Illinois.

Conclusions and Recommendations

The overriding conclusion from studies reviewed here is that we need to integrate
local and landscape scales to maximize the efficacy of management efforts. On a local
scale, woody vegetation within or bordering prairie fragments should be reduced,
because it attracts nest predators and consequently reduces nesting success. Because
patch size influences both density and nesting success of grassland-nesting birds,
grassland reserves should be large (>100 ha) if gxey are to support characteristic prai-
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rie avifauna. Small prairies, however, can still support healthy populations of grass-
land birds if they are surrounded by other grassland habitat. Priority should be given
to small habitat patches located in landscapes suitable to grassland-nesting birds over
similar patches in forested landscapes. Ultimately, we must manage not only the prai-
rie fragment itself, but also need to change the landscape surrounding a prairie frag-
ment to positively affect grassland bird populations. A study now underway is fo-
cusing on the combination of patch size and landscape features as influences on the
viability of tallgrass prairie birds (Winter et al. 1999).
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