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Man and Nature in the Metropolitan
Environment: A Challenge in Creative
Conservation

Chairman: Kertn G. Hay, Chairman of the Board, National Institute for Urban

Wildlife, Columbia, Maryland

Welcome

GoMER E. JoNES, President, National Institute for Urban Wildlife

On behalf of the officers, directors, members, and staff
of the National Institute for Urban Wildlife, [ extend a
sincere welcome to you all. I especially thank our symposium
committees and session chairmen and cochairmen for all of
the effort and expertise they have contributed. I believe
their hard work will result in a most informative and inspi-
rational program. This conference would not have been
convened today without the support of our cosponsors: the
Atlantic Richfield Foundation, The Wildlife Society, U.S.
Fish and Wildlife Service, U.S. Forest Service, and the
National Wildlife Rehabilitators Association. Thanks to
you all!

NATIONAL INSTITUTE FOR URBAN
WILDLIFE

I would be remiss if I did not take this opportunity to
tell you a little bit about the National Institute for Urban
Wildlife:

“The purpose of the National Institute for Urban
Wildlife is to be a responsible and effective scientific
and educational organization advocating the enhance-
ment of Urban Wildlife values and habitat and the wise
use of all Natural Resources for the benefit of people
in cities, suburbs, and developing areas.”

Mission Statement of NIUW
Adopted 4 August 1983

To do this, we must communicate. Too often, I believe, we
talk mostly to ourselves—biologist to biologist, planner to
planner, architect to architect. When we do communicate
to the public, we use words and phrases they do not under-
stand. How many folks, after mentioning “urban wildlife”

to them, looked at you with an incredulous stare and
exclaimed—“URBAN WHAT?”

Time will not permit a full summary of Institute activ-
ities, past and present. However, I would like to briefly
outline one of our most recent endeavors, an “Urban Wild-
life Sanctuary Program.”

URBAN WILDLIFE SANCTUARY
PROGRAM

I. Purpose
To establish and certify a network of Urban Wildlife

Sanctuaries on public and privately-owned lands across the
nation to:
1. enhance urban wildlife habitat,
2. promote an appreciation and understanding of urban
wildlife and its habitat needs, and
3. recognize private and public landowners who ded-
icate their properties to wildlife.

II. Whe

The program is primarily directed to individuals, neigh-
borhood associations, community organizations, cities and
towns, corporate property owners, and developers.

III. What

Some of the features of the program include:

® recognition—certificate, signs, decals, publicity;

® publications—*“how-to” materials;

® “hot line”—staff of qualified biologists to advise and
counsel; and

® certification—sanctuaries must meet at least mini-
mum criteria.
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IV. How You Can Help
You can help by:

1.

2.

promoting the program through your agency or
organization, and

recommending local conservation clubs or agencies
to be invited to become Affiliates of the Institute
and assist in the promotion and administration of
the program in their areas.

CONCLUDING REMARKS

The success of a meeting can only be measured by what
happens AFTER the meeting is over. I hope each of you
will leave this conference with a new resolve and commit-
ment to promote an appreciation and understanding of urban
wildlife. Follow up IS important. I suggest we all convene
again in 2 years to see how well we are doing, and what
remains to be done.



Opening Remarks

KEITH G. HAY, Chairman of the Board, National Institute for Urban Wildlife

On behalf of the National Institute for Urban Wildlife,
I join with President Gomer Jones in bidding you all wel-
come. You represent a great mixture of interests, professions,
and geographical areas, from the United States, Canada,
Japan, and England. But more importantly, you also rep-
resent the growing concern throughout our nations for
“Integrating Man and Nature in the Metropolitan Environ-
ment.” The beaming of intellectual energy to a limited
subject is one of the prime conditions of every advance in
knowledge. 1 hope this rich mix will generate a synergistic
stimulation of new thoughts, and I urge you all to actively
participate in the discussions and offer your ideas and sug-
gestions.

For me, this conference marks a very meaningful anni-
versary. It was 18 years ago last month, 21-22 October
1968, that the first national conference took place in Wash-
ington, D.C., addressing “Man and Nature in the City.”
The 1968 conference was sponsored not by HUD, HEW,
the League of Cities, or the APA, but by the Bureau of
Sport Fisheries and Wildlife. Dr. John Gottschalk, the Bureau
Director at that time, who authorized and encouraged the
conference, stated, “If our Bureau were to focus, as we have
in the past, on the wide open spaces and neglect the people
in the city, I believe it would soon find itself in a very
questionable orientation with society.” I was proud to have
been a part of that early effort, and I am proud to say that
the Fish and Wildlife Service again has been the major
sponsor of the present symposium.

Eighteen years ago there was no National Institute for
Urban Wildlife; we did not have a Fish and Wildlife Con-
servation Act (the nongame legislation that still awaits
funding); nor did we have state income tax checkoff pro-
grams enabling the public to contribute directly to nongame
enhancement. Urban ecology, urban wildlife, and urban
forestry programs were unheard of in federal agencies. Today,
some twenty states have urban fishing programs and several
employ full-time urban wildlife biologists. The University

of Arizona, Utah State University, the State University of
New York (Syracuse campus), and West Virginia University
now offer courses in urban wildlife. Colorado State Univer-
sity plans to offer a course in urban fish and wildlife man-
agement in the spring of 1987. Since 1973, several univer-
sities have sponsored conferences addressing wildlife in urban
environments. Thus, much has been accomplished over
these nearly two decades, but much remains to be done.

Historically, little attention has been paid to the need
to retain a developing region’s natural systems, resulting in
urban geographic barriers that often inhibit the movement
of wildlife or isolate it in bio-enclaves. High on our future
agenda, therefore, must be the intentional design, preser-
vation, and protection of a varied network of natural areas,
especially riparian habitats, throughout America’s cities,
towns, and villages. Such an interconnected system of open
space corridors would link metropolitan areas with rural
communities and state and federal recreation areas to form
a vast interstate ecosystem for wildlife conservation and
outdoor recreation. The Institute’s “Urban Wildlife Sanc-
tuary Program” is a part of such an effort.

Dr. Gottschalk stated in 1968 that, “Seventy percent
of the entire population of the U.S. will live in metropolitan
areas by 1985.” The figure turned out to be closer to 80%.
Today’s urbanites are certainly concerned about saving the
grizzly bear, the condor, and the bowhead whale, but far
more meaningful to the quality of their everyday lives is the
presence of nature and wildlife where they live and work.
This conference is dedicated to the preservation and
enhancement of that natural presence and a better under-
standing of urban ecosystem management.

We have tried to enlist the support, cooperation, and
advice of all the involved constituencies that guide and
mold the urban mosaic today. I think that we have designed
an excellent and diversified program for you and now let’s
begin with our first speaker.
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Urban Wildlife and the Fish and Wildlife Service:

Meeting a Growing Challenge

FrRANK H. DUNKLE, Director, U.S. Fish and Wildlife Service, U.S. Department of the Interior, 18th and C Streets N.W.,

Washington, DC 20240

I want to thank Gomer Jones for inviting me to speak
with you this morning. Gomer was among the very first
visitors to stop by when I became Director of the Fish and
Wildlife Service. In such a visit, he was not just interested
in demonstrating what an upstanding and accomplished
group the National Institute for Urban Wildlife is, he came
to check out the new guy in town and find out where he
stood on urban wildlife matters.

I will share with you briefly what I shared with Gomer
that morning some months ago.

My wildlife career in Montana did not prepare me to
be an expert on urban wildlife. But even in the Big Sky
State, our wildlife didn’t stop at the city limits. Montana’s
cities and new suburban areas were host to a great diversity
of wildlife species, including an occasional bear or moose.
When I moved to Denver with its extensive park system, I
found the same to be true. To my amazement, | have also
found our Nation’s Capital and its beautiful open space and
riparian habitats to be home to most of the original species,
although not in the same numbers, as were present when
our Founding Fathers decided to make this area the seat of
government.

Wildlife, thus, continues to be an integral part of the
cities, towns, and villages in America. Is the Fish and
Wildlife Service concerned and involved with these “met-
ropolitan” critters? You bet we are.

The Service has a mission: “. . . to conserve, protect,
and enhance fish, wildlife, and their habitats for the con-
tinuing benefit of the American people.” Noting that three-
quarters of our citizens live in urban areas, what is more
fitting than a mission that recognizes urban wildlife and
their habitats?

Your conference theme virtually paraphrases the job
description of several managers of national wildlife refuges
across the country. From Tinicum Refuge in Philadelphia

to Parker River near Boston to the Minnesota Valley National
Wildlife Refuge practically in the heart of the Twin Cities
to the San Francisco Bay Refuge, the Fish and Wildlife
Service has been doing its very best to integrate “man and
nature in the metropolitan environment.” It has not always
been an easy or harmonious process. We are still learning.
We are still trying to spread the word of productive coex-
istence with wildlife and, at the same time, make the world
a more hospitable place for wild species and a richer place
for people.

The Great Swamp National Wildlife Refuge in New
Jersey is within the New York City metropolitan area. In a
way, it typifies much of the conflict that can accompany the
presence of wildlife in man’s modern cities. Early on, the
refuge experienced confrontational protests between white-
tail deer hunters and those who wanted the hunt halted.
Those protests continue, almost as a ritual now, nearly every
year. And year in and year out, the deer wander about and
off the refuge and into the suburban neighborhoods where
some people love them and others view them as destructive
pests. But over and beyond all the ruckus, there is a natural
urban ecosystem that still survives and remains a source of
wildlife-oriented recreation. The Great Swamp National
Wildlife Refuge has gained many friends and supporters over
the years despite, not because of, its controversial deer herd.
People support it and respond to it because it offers them a
rare and much-needed glimpse of the natural world in the
midst of one of the most densely populated regions of the
Nation.

Urban refuges are unofficial labs, if you will, for the
continuing study of urban and suburban wildlife matters.
Most of the urban management areas include extensive
wetland habitats. These offer a chance to tell the public:
“No, wetlands are not wastelands—Ilook for yourself, they’re
teeming with all kinds of life: birds, reptiles, amphibians,
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mammals, and a great variety of interesting plants.” And
there is a chance to say that without habitat, wildlife will
no longer exist and the quality of the human environment
will diminish.

Although urban wetlands are of undeniable impor-
tance, it is unlikely that the Service will expand its urban
refuge system in the foreseeable future. Those areas must be
kept in perspective with our highest priority to protect
wetlands of national significance, for once these are lost,
they may never be returned. In some cases, urban habitats
will be considered, but to a large extent, these will need to
be protected by non-Service efforts. The Service will lend
technical assistance and advice to citizens or government
agencies for the protection of wetlands in urban or rural
locales. In fact, all Service field project leaders are urged to
be available to help in this area. Although urban wetlands
usually are not of national significance from the wildlife
resource perspective, urbanites should know they have not
been forgotten and the Service can be expected to consider
their needs in coming years.

Service managers have been asked to accelerate iden-
tification and evaluation of the impacts of environmental
contaminants on fish and wildlife resources. This year, the
Service issued a report on the health of the national wildlife
refuges and found that several showed potential problems
from contaminants. Not surprisingly, some of these indi-
cators occurred in association with urban refuge settings.

It has been a quarter of a century since Rachel Carson
published Silent Spring. When it first came out, it engendered
a great wave of environmental concern. Later on, in the
60’s and 70’s, we witnessed countless groups and individuals
in spin-off attempts to catch the public’s eye or to whip up
a public frenzy over the hazards of pesticides. Throughout
these years, there have been sustained efforts by scientists
to understand better the complex relationships and impacts
of new chemical compounds on wildlife. But is has been a
continuing game of catch-up and we have not caught up.
The Service is about 3 years behind in analyzing tissue
samples sent in from field staffs. Let me emphasize—it is
not that our scientists are slow, it is simply the relentless
surfeit of new samples.

The American public cannot afford to drop its guard
against environmental contamination. The topic is not a
fad, like hula-hoops, something for one generation to indulge
in and feel nostalgic about and the next to drop as irrelevant.
It is a topic that commands serious attention and vigilance
at all times, by all generations.

The new effort required to accelerate work on environ-
mental contaminants will help, will be a public service, and
will benefit materially the long-term prospects of urban and
suburban wildlife.

Urban wildlife has become a bigger concern each year,
virtually by default, what with steady increases in urban
sprawl and ever-expanding suburban areas. Some scientists
have projected that within the next 30 years, nearly 20

million acres (8.1 million ha) will be lost to urban sprawl.
That’s equivalent to the loss of an area greater than the
State of New Jersey each decade!

Obviously, urban wildlife is an important area of oppor-
tunity for now and for the future. Some excellent pioneering
work has been done. Within the Service, Al Geis of the
Patuxent Wildlife Research Center has completed songbird
food preference studies. Birdfeeding is a major wildlife rec-
reational activity in urban areas. Throughout the country,
as many people feed birds as there are hunters and fishermen
combined—more than 60 million Americans. They are all
wildlife users. Dr. Geis’ work also has demonstrated the
value of shallow marshes for urban stormwater management
as well as water quality improvement and wildlife enhance-
ment. The Service can continue to make important contri-
butions.

Prior to Dr. Geis’ research, the Service sponsored one
of the very first conferences in urban wildlife—the “Man
and Nature in the City” symposium back in 1968. Also
during the 60’s, the Service began a long-range effort that
was to provide an important benchmark for studies on non-
game birds. The Breeding Bird Survey, begun in 1965, has
afforded the Service the opportunity to compile a very useful
database on nearly half the non-game bird species for which
we have responsibility. A report on the first 15 years of that
study was recently issued by the Service and already is quite
a highly-requested item. An update of the report, covering
the period from 1979-1985, is expected late next year. The
authors of the Breeding Bird Study, Chandler Robbins,
Danny Bystrak, and Paul Geissler, have provided the wild-
life manager with a valuable tool. The Breeding Bird Survey
relies on the efforts of hundreds of highly qualified volun-
teers. Without their cooperation, no report of this magni-
tude could have been possible. The Breeding Bird Survey
was not intended at the outset to be an urban-oriented text,
but from the mid-1960’s onward, so many of the once-rural
counting routes became suburban and even urban in char-
acter that nearly 16% of the routes are now run in suburban
areas.

Our primary resource interest in urban wildlife relates
to migratory birds where the Federal government has a clear
statutory responsibility for the continued welfare of 832
species covered under international agreements. Tradition-
ally, the Service has emphasized programs for endangered
species and migratory game birds as these now must be
managed intensively. Under present fiscal restraints, I see
no significant new commitments for urban wildlife and some
750 species of non-game birds.

Is this another of those “gloom-and-doom” stories? No.
This is an opportunity to pool collective efforts. One of the
Service's primary functions is to serve as facilitator and
catalyst for other government agencies at all levels—sci-
entists, conservation organizations, industry, and the inter-
ested public. For non-game birds and urban wildlife, there
is a real need for better national guidance and coordination.
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What I envision the Service having is a small, specialized
staff to serve in a cooperative advisory capacity to persons
like yourselves.

Public interest in wildlife, especially non-game birds
in urban habitats, has grown markedly in the past two
decades. This led in part to enactment of the Fish and
Wildlife Conservation Act of 1980, more popularly known
as the Non-Game Act. As yet, this Act has not been funded
although the Service provided a study on potential revenue
sources. It likely will be awhile before Congress creates a
new funding source with which to implement this Act.

I already mentioned that urban issues in wildlife will
be an area of increased concern in the years ahead. The
management of many urban birds is a multi-national respon-
sibility. Three hundred thirty-two of the 650 species of birds
that make up the avifauna of the Continental United States
are dependent upon winter habitats in Latin America and
the Caribbean Region. As efforts continue at the federal,
state, and local levels in this country to clean up and enhance
the environment, some species may actually face an improved
habitat base here. Their continued welfare then will become
more dependent upon the success of the conservation efforts
in Central and South America where they visit in migration
and during the winter. There is an accelerating loss of
tropical forest cover. Likewise, wetlands in other countries
are being lost at an alarming rate and environmental con-
tamination, perhaps less severe than formerly, knows no
political boundary.

The Service, through its Office of International Affairs,
currently is working with scientists and agency staffs in a
number of Latin American countries. Although modest
compared to some other Service programs, we think it has
helped to stimulate national conservation interests there.

In closing, I offer an invitation to any metropolitan
mayors or their representatives who may be present today.
No, the offer is not urban wildlife grants. But I extend the
opportunity to participate in a significant and potentially
far-reaching resource renewal effort—the “Take Pride in
America” campaign. This grass-roots effort to heighten cit-
izen involvement in safeguarding the public land was initi-
ated by President Reagan in his last State-of-the-Union
address and has begun to pick up steam. To those of you
involved in city government, | suggest that if you have any
city parkland in need of rehabilitation and repairs, if you
have one or several parks suitable to wildlife enhancement,
why not turn these into Take Pride in America projects?
Get your citizens involved and let the Department of the
Interior know about it. Not only could you receive a national
award, you could also hit upon a dynamic, cost-effective,
novel idea that can serve as a model to park and recreation
people in other city and county governments.

Take Pride in America appeals to the best in our fellow
citizens. The concept already has reaped the Fish and Wild-
life Service countless hours of volunteer support from people
who really care about wildlife. If you want to know more
about Take Pride, we can provide the details. I will even
give you a telephone number: (202) 343-4034.

Thank you for the opportunity to be with you today.
Let me reaffirm that the Service, under my tenure, will be
genuinely committed to the protection and enhancement
of wildlife in our Nation’s urban and suburban environ-
ments. This is an important and fascinating frontier for the
wildlife profession and [ want the Fish and Wildlife Service
to be an active partner in the future progress you are pioneer-
ing.
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MELVIN R. LEVIN, President, American Institute of Certified Planners, 8427 Greenbelt Rd., Greenbelt, MD 20770

INTRODUCTION

The planner who attempts to integrate urban devel-
opment with nature is faced with opportunities and para-
doxes. Urbanization by its very nature implies subjugation
of the natural surroundings. This can be achieved with
sensitivity by leaving much untouched as for example trees,
ravines, hills, and wetlands. Or it can be done brutally with
bulldozers, chainsaws and fill, and paving nature over. In
either event, urban areas represent a controlled artificial
environment, which can range from much greenery to mostly
asphalt. Fortunately, the trend seems to be in the direction
of sensitivity thanks to heightened public awareness as
reflected in legislation, litigation, funding, and not least, to
the growing realization on the part of developers that nature
as preserved and enhanced represents a salable commodity.

THE URBAN CHALLENGE

Urban development requires a basic infrastructure of
roads and other transportation facilities, numerous build-
ings, utilities, and services. Over this framework is super-
imposed housing tracts, shopping malls, and other devel-
opment. The basic investment decisions are made with
primary attention to finance, engineering, and efficiency
with, in comparison, cursory attention to natural features—
unless these are protected by serious legislation or are con-
sidered central to marketing as, for example, in the case of
waterfront development. Fitting new urban development in
open rural or suburban areas is difficult enough. The chal-
lenge is multiplied when new or recycled development takes
place in built up areas and attention to nature has to be
fitted into the equation. In any event, master plans make
formal provision for nature, but in suburb or city-it is often
difficult to give adequate weight in the decision process to
natural preservation and enhancement, partly because these
annot be readily valued in financial balance sheets.

Two factors have influenced attitudes to nature regard-
ing urbanization in the past two decades: the first, as noted,

is the growing sophistication and awareness on the part of
developers and purchasers that attractive natural features
are indeed marketable even though their value cannot be
precisely measured. The second is that nature is forgiving.
Polluted rivers can be restored to life, decaying waterfronts
reclaimed, vacant lots converted into parks, and appropriate
street trees replanted. But we must recognize several threats
to this generally upbeat assessment.

Many municipal engineers and other officials are indif-
ferent or even hostile to even modestly unpredictable nat-
ural features. Some officials are concerned about liability;
insurance coverage for parks, waterfronts, and stray animals
is expensive or non-existent, and rigid control—paving,
fencing, and restricted access—is thought to limit the dan-
ger of litigation. From the developers’ and the municipal
view, conventional gridiron streets and parcel development
are usually cheaper and easier to fit into street and utility
systems—substantial set asides for woods, parks served by
curving roads, rambles, and trails raise problems.

On even so simple and apparently a noncontroversial
amenity as providing street shade trees, there is room for
concern. One city engineer pointed out that street trees
raised parts of sidewalks, dripped sap on automobiles, obscured
street signs,’clogged sewers, and offered a standing invitation
to small children and small animals to get into trouble. In
the case of dense shrubbery near urban development, there
is a school of defensive architects that calls for unimpeded
visual access in high crime areas because undergrowth pro-
vides cover for muggers.

There is a special problem in adjusting urban devel-
opment to open beach areas. Flooding, hurricanes, and
erosion often threaten waterfronts, and there are difficult
and so far unresolved problems in (a) public purchase of
remaining vulnerable areas, (b) limiting urban development
in such areas, (c) government decisions to insure or not
insure vulnerable developments or, (d) government engi-
neering decisions to construct groins or seawalls, or to replenish
sand. And there is one critical area of adjustment—evacu-
ation of thickly settled beach areas reached by narrow cause-
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ways in the event of severe storms. A major (e.g., 1938-
size) hurricane could create a disaster because we have dis-
counted potential natural hazards. Moreover, in the case of
beachfront, there is the special problem of ensuring public
access to natural amenities.

Another approach toward ease of access is the vest
pocket park. Unfortunately this promising approach has
been adversely affected by municipal funding problems, i.e.,
costly maintenance and supervision as compounded by the
threat of litigation.

Another promising approach is reflected in changes in
subdivision design and other land use planning. Cluster
zoning that groups housing in a portion of a site to leave
the remaining land open is one possibility. Use of nature
preserves, trusts, foundations, and easements has become
more widespread. Reclamation of decaying riverfront and
waterfronts, with some attention to nature, has become a
centerpiece of city redevelopment. Overhead wires have
been put underground, some billboards have been removed,
and in some areas slagheaps and trash mountains have been
converted into parks. Equally important, it is now recog-
nized that acquisition or other legal control is the way to
preserve open space, not reliance on preservation by default
in the hope and expectation that major privately owned
tracts will remain unbuilt.

PEOPLE PROBLEMS

Given a little encouragement, planners, like other
executives and professionals, will admit or volunteer that
our real problems involve people, not engineering. We
know how to build good housing, roads, and parks. We do
not know how to ensure that people living in close proximity
will share living space with some degree of civility. This
mutual accommodation involves intricate issues of race,
class, ethnicity, life styles, crime, voluntary and involuntary
segregation, and specifically, the role of governments as it
impacts on people’s lives. Some of these problems have been
alluded to in the reference to the relationship between
shrubbery and crime. This may involve the free, safe use by
all sectors of the population of public parks. On a different
level, there is the harm to natural areas posed by off-the-
road vehicle operators in forest and beach areas. In its
simplest terms, there may be special hazards to vulnerable
population groups such as the elderly, young children, women,
and the handicapped posed by social aberrants who use
secluded public places for pathological activities.

The popular reaction to the threat of rowdies, thugs,
and such minor offenders as lovers of loud music or aromatic
food is secession. On a personal level, there is the household
mini playground, the VCR, and the wet bar. On a larger
scale, there are the increasingly numerous high density urban
developments that provide private swimming pools, tennis
courts, indoor recreational centers, and wooded areas. In
both cases, private secession offers a time tested method of
restricting access to reasonably compatible fellow users.

There also is the commercial predator who poses an
even greater threat to nature. A century’s experience in
preserving New York’s Central Park is illustrative. There
have been recurring recommendations and proposals to nib-
ble away at the park to convert part of it to a casino or other
commercial use. And in cases where the decision has clearly
come down on the side of public acquisition, there are also
recurring pleas for slowing the pace and retaining non-
conforming uses. There are recurring proposals for high
density development in areas set aside for open space and
low density growth. In effect, the developer is a freeloader
who capitalizes on surrounding open space. Too many juris-
dictions issue ringing declarations in favor of public natural
preservation in theory only to accede to developer appli-
cations in practice. They are much like the public official
immune to ethical flexibility—except when someone makes
him an offer.

In short, we must recognize that this is an area in which
there are no single, permanent sweeping victories; triumph
is a ticket of admission to permanent guerilla wars to protect,
preserve, maintain, and extend. Demobilization is not
advisable.

CONCLUSIONS

Given the progress in the last 20 years, it is not difficult
to be reasonably optimistic about the prospects of harmo-
nizing urban development with a sensitive treatment of the
natural environment. The brutal rape of the landscape char-
acteristic of earlier generations has been slowed or halted,
and in some cases reversed. There is a growing recognition
of the crucial role of nature in developing small scale, humane,
and livable environments. Better travelled, more sophisti-
cated electorates are asking why rich America cannot plan
for people and nature as effectively as in poorer countries
elsewhere in the world.

A major unresolved problem concerns the reality and
perception of elitism. Planners are charged with the duty of
widening the range of informed and intelligent choices. In
a direct sense, we, like other professionals, are public edu-
cators, conducting perpetual adult education seminars in a
variety of settings and for a variety of audiences. We have
made mistakes, as in overdesigning parks that remain half
used, in skewing our programs to yachtsmen and tennis
players, often neglecting the needs of the ethnics, the poor,
the elderly, and other groups. We reflect in our plans and
our behavior the conflict between heterogeneity through
open access—even subsidized access—and the realization
that substantial homogeneity may be needed to preserve
harmony at close quarters. But while problems remain, prog-
ress has been real and tangible. Barring such external dis-
asters as meltdown and inundation by oil spills or nuclear
waste, we can look forward to the future with some confi-
dence. We have learned the hard way, at great cost, but we
have learned.
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Good morning. For 15 or 20 minutes this momning, |
would like to share with you a perspective on where the
conservation movement has been, and, most importantly,
where I believe we are going in this country, and why it is
incumbent upon all of us to become very much involved
over the next 3-year period. I would like to say first, Keith,
thank you very much for inviting me. This is really a very
great day for wildlife if you think about it. The rain outside;
the elections that are going to be very interesting, especially
the Senate races, which | am going to comment on because
I think they are a window—a microcosm of what America
is saying; and thirdly, the fact that you are here addressing
this important issue of urban wildlife.

In 1907, the conservation movement formally began
when President Theodore Roosevelt called together the
governors, here in Washington, for the historic Conference
of State Governors. Roosevelt said that the conservation of
natural resources was the fundamental problem facing
America. He went on to say that, unless all citizens involve
themselves in that issue, through their elected officials, it
would avail us little to solve all other problems. That was
some 80 years ago.

We are still a very young movement. We have made
some progress. Frankly, I think we have not made enough
progress. In 1962—63, Laurance Rockefeller put together
the Outdoor Recreation Resources Review Commission
(ORRRC). That commission was a hallmark in our conser-
vation movement. It led to the creation of the Land and
Water Fund, the Bureau of Qutdoor Recreation, clean air,
clean water, scenic trails, wilderness systems—we could go
on and on. Twenty-five years have now passed since that
report was published.

Laurance, in 1982-83, 20 years after his earlier effort,
put together a small group to revisit ORRRC to see if
conditions had changed in America and what was needed
for the future. When that report was submitted, he called
for a bipartisan congressionally-established new commis-
sion. For a variety of political reasons, it did not become
congressionally established, but President Reagan, on his

own, took initiative to establish a 15-member commission
known as the President’s Commission on Americans Out-
doors.

I am privileged to be one the members of that com-
mission. | am a registered independent and I think conser-
vation is a bipartisan issue. It has always been a bipartisan
issue, and hopefully, based upon the elections today and
decisions we have seen in the last 24 hours, it will remain
a bipartisan issue. We do have some very important officials
on our commission. Morris Udall in the House and Bennett
Johnston in the Senate are Democrats. Bennett Johnston is
going to be a key player for us for the next 6 years. On the
Republican side, we have Wallop in the Senate, and Vuc-
anovich from Nevada in the House. The chairman is Gov-
ernor Lamar Alexander of Tennessee, an outdoorsman and
conservationist. The vice chairman is Gil Grosvenor, Pres-
ident of the National Geographic Society.

For the past 15 months, our commission has traveled
across the face of America. We have held 18 public hearings;
1,200 individuals testified, including many in this room;

800 individuals wrote position papers or new ideas papers;

and we have really done an outreach program that has been
very well accepted. In addition, 42 states responded to
Governor Alexander, who was then chairman of the Gov-
emor’s Conference, and provided state plans from their
perspective, on where they felt conservation was going. We
created a climate of interest.

The commission’s report will go to the printer on 1
February 1987. Two documents will be published. One will
be a professional document, written for many of the people
in this room who are professionals, as well as citizens. It
primarily will focus on new ideas, new techniques, and new
programs for the next 25 years that we need to put in place.
The second document, which I believe is even more impor-
tant, will be a 28- to 30-page marketing document contrib-
uted by National Geographic, the best in their field. One
hundred thousand copies will be distributed to elected offi-
cials across the country, to citizen groups, and to major
private corporations. In addition, it will be the focus of a
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follow-up in National Geographic, which goes to millions
of Americans. It will be a bold report. It will have pictures,
and it will have language that will excite us and compel us
to act. Why? Because we are still in the dark ages in this
country in terms of land use and how we approach natural
resources, especially in our urban areas. I speak somewhat
from experience: | am a member of the American Institute
of Certified Planners, | am a licensed professional appraiser,
and I have dealt with some 3,000 real estate transactions
affecting conservation in the last 20 years. We are still in
the dark ages, and I will explain why in a moment.

We found in our commission’s work that 75% to 80%
of the people by the year 2000 are going to be living in
metropolitan areas. We have to change our orientation from
a rural park system, in terms of national parks, refuges and
forests, which were great in the 1930’s, 40’s, '50’s, and
’60’s, to more emphasis on urban issues. We lost the Bureau
of Outdoor Recreation. We have lost most of the Land and
Water Fund. The reason we lost them is ourselves. We have
a very weak constituency. We have a very weak power base.
We are not organized in Congress. We did not lose the
Small Business Administration or the Small Business Invest-
ment Corporation, under this Administration. Yet we have
lost the bureau succeeded by the Heritage Conservation and
Recreation Service, and the Land and Water Fund is at a
pittance.

The Land and Water Fund was created in the mid-
1960’s and today is authorized at $900 million. This year
we will be lucky if we get $100 million. We have never rung
the bell once, at $900 million. The best was in the Carter
era when we got to $750 million under Secretary Andrus
when he was Secretary of the Interior, and that was only
once.

We have an in-holding problem in this country—an
authorized backlog that we have created, Congress created,
of $3 billion. These are areas that Congress authorized for
purchase in parks, refuges, and forests, for which there is
no funding in sight. There are in-holders across this country,
who wish to sell, and have a cloud on their title, because
of this situation. Frankly, that is something we cannot allow
to continue. The President’s Commission on Americans
Outdoors found that the problem is a lack of an organized
constituency, and I mean a broad-based constituency, I
mean citizens. The thrust that you are going to see, in terms
of our recommendations, is going to be some new perspec-
tives for the conservation and environmental movement,
and for land-use decision makers in this country. As we all
know, there is a new tide of interest in land use. I am a
professional appraiser. Recently the president of our largest
society said to the appraisers, you must now have an eco-
logical conscience because it can mean the difference between
profit and loss and in many cases avert financial ruin. That
is an amazing decision for the appraisal profession, because
frankly, none of us was trained in ecology or in environ-
mental standards. When I got my Master’s in land use

planning, none of us had any ecological principle courses.
Planners, unfortunately, do not speak the same language as
ecologists and environmentalists, and we need to build those
bridges. It does us no good to talk to ourselves. We need to
broaden our constituency and our power base. The conser-
vation and environmental movement of this country is
booming. There are 10,000 nonprofit conservation and
environmental groups in this country. They are still being
formed at the rate of 300 a year, and yet we get less than
1% of the charitable dollar. Eighty billion dollars were given
away in this country last year, and $75 billion were given
in volunteer time. Broadly speaking, our field of recreation
and conservation got less than 1% in both areas. That is
tragic. We need to find ways to address the public and private
sector funding, and also to build bridges and broaden our
constituency.

We have a clean air act, a clean water act, and some
great federal programs. Yes, they need to be strengthened,
and we are going to continue to be vigilant, but now we
need to go back to the grassroots, to the local level, to the
power bases, and get citizen involvement at the local level.
We need challenge grants, which [ am going to talk about
later. Most importantly, perhaps, we need an ethic. We
need what Leopold wrote about in Sand County Almanac,
when he said that we need to treat land as a resource, not
as a commodity to be bartered and sold. We need environ-
mental education. We need adult education courses. We
need an American Conservation Corps. Those programs
will all be called for in our commission’s report. And hope-
fully, our report will be implemented over the next 3-5
years. We need to strengthen and continue to be vigilant
with our clean air and clean water acts. We need to resolve
the in-holding problems. That was an agenda of the 1960’s
and 1970's. We need to just buy out the backlog and resolve
that issue and go on.

The Land and Water Fund will be critically important
in the years ahead, and we must revitalize it and change its
mission. We need to change it in two or three ways. First,
as you know, the Land and Water Fund primarily comes
from offshore oil and gas revenues. We are going to expand
the sources of revenue that go into that fund. Secondly, we
are going to increase eligibility to urban areas and to states.
Unfortunately, we are going to cut back a little bit on the
federal side, after we do complete the in-holding backlog.
There is a simple reason why. We have acquired most of
the great national parks, refuges, and forests. Most of those
areas, except for endangered species of national significance,
and river systems, have been identified. Land-use decision-
making is a state and local effort, and we need to integrate
better with it and to tie in incentive grants.

Working with Keith Hay, your very good chairman,
who has served as an advisor to us, to our staff, we are going
to be recommending a national system of greenways. You
know, the good Lord planned this earth. It is really pretty
simple. There are fragile areas—rivers and streams and wet-
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lands, and slopes over 20%. Those are fragile, unique, and
generally the highest biological-value areas.

Conservation needs to come first, not last. When I was
a professional planner, here in Montgomery County, with
a planning school background, we used to color the maps
orange and blue and hope that everything would take place,
but it did not. And what was left over, we colored in green,
because that is the way we approached it. Land use was
economic, highest and best-use driven.

We want to reverse that approach and make conser-
vation first. We want to map the 3.2 million miles (53.4
million km) of rivers and streams in this country. We want
to put them on the map as an interstate conservation system,
a national system of critical resources. They provide the
backbone, the fabric, of a national network for wildlife,
recreation, trail users, and fishing. The rivers and streams
permeate every community in this country.

Qur greenway program that we will call for will be
based primarily on water, the issue of the 1990’s and the
21st century. It will be calling for funding and voluntary
incentives; it will be calling for some regulatory disincen-
tives, because we are going to have to put teeth in this; and
we are going to call for it to be implemented at local and
state levels. We also are going to call for the Land and
Water Fund to be a block grant program, benefitting states
and local government. Local planning is very important,
and we are pretty professional now. We know enough about
what we want to go after. We hope to require state and
local data centers to identify greenways and endangered
species, so we know first what we want to protect, and can
direct growth away from sensitive areas. We cannot stop
growth. There are more people coming. There is a new Los
Angeles every year in America. But we need to set the
priorities and create the inventory. The greenways and those
wildlife corridors are logical and are best left in their natural
state.

The constituency is going to be critical, and we need
to find a way to build a broad base. How are we going to do
it? We believe in calling for a new institution to establish a
National Partnership for Conservation. We have a National
Endowment for the Arts (NEA), and a National Endow-
ment for Humanities (NEH). If you lock at our field of
interest, our funding has gone down, and funding for NEA
and NEH has gone up. Why! Because they have a power
base, they have an organized constituency, they care, and
they get involved. They fight for their appropriations first,
and then they split it up. We fight with each other going
in, and never get the total pot. The NEA-NEH model is a
very interesting model. It is a quasi-public model fostering
partnerships. Five thousand grants a year—matching grants,
challenge grants—and loans and incentives from NEA for
local action. The real agenda is to create that constituency,
to create that interest, and to create the broad base of
individuals to work with their elected officials, as Roosevelt
said 80 years ago.

We hope to recommend the funding of $1 billion/year.
Frankly, we are still divided on the commission, on what
the level of need is. To me it is obvious. We conducted our
hearings across the country, and 43 governors responded to
us, saying a minimum of $1 billion is critical in authorized
funding for Land and Water. Moreover, they want an endowed
trust fund. They want a commitment that provides a source
of money for future generations, so they do not have to fight
each year in the appropriation process. Allocations from
the fund may be 30% federal, 30% state, 30% local govern-
ment, and 10% to the new institution. Why 10% to the
new institution? Because that will create citizen action in
communities across the nation. That is the potential 5,000
grants to local nonprofits and local government, for inno-
vation to move us forward. We hope President Reagan will
sign the wetlands bill. We think that to bring in the wetland
interests and the duck hunters, who are interested in habi-
tat, will create a broader base of support.

Partnerships. You know, the private sector is very
important to us. Yes, we need to disagree on occasion, but
we also need to cooperate on occasion. We need to seek
new partnerships, and set examples for others, and we need
to compliment each other where appropriate. We are going
to be calling for a habitat enhancement program across the
country on private lands. As you know, one-third of the
land in America is owned by the Government, one-third
by corporate enterprise, and one-third by individuals. The
two-thirds in private ownership is critical to us. We want a
complete and thorough review of all programs affecting
habitat in this country, in terms of providing incentives and
disincentives for habitat enhancement. We want a special
recognition program for corporate enterprise, where they
will work with us to develop habitat enhancement programs
on private lands and in urban and rural areas, both needs
wortking off the same funding source. No longer can we pit
the National Park interest against local parks. We have to
work together off the same funding program.

New dollar sources will be critical. In addition to off-
shore oil and gas, you may see us call for onshore oil and
gas revenues and transfer taxes. More and more governments
are passing transfer taxes. We are looking at a national real
estate transfer tax. We have had one some seven times in
our history, a national real estate transfer tax, with portions
of the funds linked to local, state, and federal needs.

The future is really up to each of us. We are part of the
problem because our constituency of urban wildlife interest
is not well organized. We have 10,000 nonprofit organiza-
tions. We do not talk enough with each other and do not
have a common meeting ground to build coalitions of inter-
est. So maybe 1987, when our report is submitted, will be
the beginning of a new conservation era in this country. It
will take the 1990's to get it implemented. Do not look for
overnight successes. You are going to be the key, as indi-
viduals, and the groups you represent, whether private or
public, to work to create a new level of interest in conser-
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vation, and a new level of interest in local and state con-
servation and recreation efforts. By the way, we do not
mention the term land use in our report at all. I think that
is unfortunate, but it is still an anathema to many local
jurisdictions across the country.

Finally, let me return to the elections today. The elec-
tions today are very important for us. Forget partisan politics
for a minute. If you look at who was reelected, and newly
elected, a great number of them have strong interest in the
outdoors, and I use that word very deliberately, the out-
doors. It is a broad term. It ties into habitat. It does not
lock us into endangered species, or ball fields. We need to
serve both with our new program. We should be very excited
with the elections. Bennett Johnston, who is on our com-
mission, will play a key role in the future, as head of the
Energy Committee. Bumpers will play a key role in the

Interior Subcommittee on Lands and Minerals. He is a key
individual interested in our issues. A number of strong
Republicans are coming back. Again, conservation has to
be a bipartisan issue. We need to raise our interests above
partisan politics.

The commission’s work will close 31 January 1987.
The report will come out and then the challenge will be up
to you. Individually, you can do something. You can focus
on your OWn community, O your Own state, Of your own
organization. But if we are really going to accomplish what
I think Leopold was telling us, in terms of land being a
resource—a community of biological diversity—and if we
are really going to perform as we should for ourselves, and
more importantly for our children, we have an obligation
to be involved as never before.

Thank you very much.



The Public-Private Partnership for Park Preservation: The

Massachusetts Model

PAuL A. FARACA, Boylston Properties, 120 Boylston St., Boston, MA 02116"

I stand before you as a newcomer to the movement of
conserving nature and wildlife in the urban setting. Until
1981, my consciousness was totally consumed by my chosen
occupation of developing profitable real estate. In 1981, we
purchased a hospital complex, The Women’s Free Hospital,
for adaptation to luxury housing. These magnificent old
buildings, some over 100 years old, are located on a 4-acre
(1.6 ha) parcel whose grounds were planned and designed
by Frederick Law Olmsted. The site, in Brookline, Massa-
chusetts,. abuts the famed Olmsted’s Emerald Necklace.

I am reluctant to publicly admit that, although Olm-
sted’s name was familiar to me in 1981, I was not sure if he
was the third baseman for the Red Sox, or a tight end for
the Patriots, or, perhaps, the First Violinist of the Boston
Symphony. I share this embarrassing fact because I believe
that my process of growth, of awareness, is an encouraging
metaphor for what is possible, and for what is wanted and
needed for the survival of nature in our metropolitan areas.

In the past 5 years, | have participated in the incor-
poration of the Massachusetts Association for Olmsted Parks,
in the creation of the funding of a $15,000,000 capital
(a state grant program) to restore and preserve 12 historical
Olmsted Parks in eight Massachusetts cities, in the creation
of the successful Boston Park Ranger Program, and in the
creation of several public-private partnerships bringing pri-
vate-sector dollars to areas of traditional public responsibil-
ity. And now, in 1986, the great and general court of
Massachusetts has in committee an $8,000,000 capital
expenditure bill that has better than a 50-50 probability of
passage before 31 December 1986. This bill will provide
money for acquisition, as well as rehabilitation, of many
parks beyond Olmsted and beyond historic. The past 5 years

'A real estate developer by occupation, the author is chairman, Massachu-
setts Association for Olmsted Parks, and chairman, Advisory Committee
for the Massachusetts Statewide Comprehensive Outdoor Recreation Plan
(SCORP).

have been very exciting and very rewarding. However, my
drama is worth speaking about, only if you can take from it
ways of forwarding your particular wish list.

The acquisition of the Parkway Hospital started it all;
for at each planning board, zoning board, conservation
commission, historic commission, and the many neighbor-
hood informal pre-hearing meetings, two neighborhood
women would always speak out about the importance of the
historic Olmsted landscape, that I, of course, was proposing
to rearrange, to facilitate the construction of more housing
units.

The short version of this tale of my conversion is
simply: they convinced me that I could make more profit by
restoring the original landscape plan; their strong belief was
that the marketplace contained many condominium buyers
who would see the restoration as an asset. This turned out
to be very valid. Not only valid in that many people would
prefer to live in this special setting, but it also was viewed
as protecting their high resale probability, and in a very
important urban political sense, it stabilized the immediate
neighborhood. Thus, the concept of “Enlightened Greed”
came to life for me. )

This magnificent hospital was built adjacent to Olm-
sted’s famous Emerald Necklace, a winding greensward that
follows rivers and ponds, wandering through several cities
and towns surrounding and penetrating the City of Boston.

This portion of the Muddy River Riverbank and Park-
way was badly neglected and grossly overgrown. We entered
into an agreement to restore, and then to maintain the
portion of the public land directly in front of the new
development. What a transformation! For very few dollars,
we were able to recreate the grace of the past for the neigh-
borhood. It got me named the Environmentalist of the Year,
and not so incidentally, helped the project’s marketing and
ultimately profit, immensely.

Why am I here? Why am [ addressing this symposium
with a speech that is laced with words such as profit, mar-
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keting, real estate development, Enlightened Greed? Why—
because I strongly believe that the age of bake sales, wealthy
patrons, and benefit dances has passed. There is not enough
time left. We must act now, together, private sector with
public agency with non-profit, to protect and expand the
precious few parks and riverbanks and other natural systems
that do and can exist in our expanding metropolitan areas.

In the printed announcement of this symposium, the
opening sentence contained these sobering facts, from Dr.
Lowell Adams and I quote: “By the year 2000, the United
States population will rise to over 300 million people, 90
percent of whom will live or work in cities.” For those of us
with our shoes on, that is less than 15 years.

As conservationists, naturalists, planners, and other
park professionals who have a specific focus on urban areas,
you must expand your energy, your communications, beyond
your traditional cultural subgroups. Dialogues with the
development community and with the political leadership
are essential to providing the means to succeed. To succeed
with your particular wish list, in your particular “territory,”
remember my earlier phrase, Enlightened Greed! Keep in
mind, I spoke earlier of participating in the raising of
$15,000,000 for park preservation and restoration. Allow
me to put forth the specifics.

Our Olmsted non-profit organization put together a
very professional inventory publication. We chose 12 parks
in eight cities, not necessarily because they were the most
historic or because they were in the worst physical condi-
tion, but with these factors as guidelines, we chose those
Olmsted Parks that were located in key political districts
{Senate and House Ways and Means, Environmental Affairs,
etc.), and an actual statewide political overlay map was
prepared!

This inventory publication, with instruction of how to
create your own professional inventory for other local parks,
was mailed to every member of each conservation commis-
sion, each historical commission, statewide. Also, it was
mailed to all members of city councils, community activists,
to aligned non-profits, to all members of the Massachusetts
House and Senate, and to mayors, aldermen, etc.

We set out to create a political base—to create an
awareness that Olmsted was special and his work worth
saving.

From this growing awareness, the State Department of
Environmental Management was convinced that an Olmsted
capital outlay bill could be politically successful.

Then we went to the telephones and the lobbying
began. Letters and calls and visits from the Conservation
Commissions, etc. started to bombard the Governor (who
has been a great supporter for quite some time). All key
committee chairmen and staffers (informed staff people are
crucial for success) also were lobbied. As a result: (1) the
politicians got highly visible construction projects in their
home towns (work commenced this summer, an election
year!); (2) the park-using public will get attractive new

facilities that reflect the original design intent, fully acces-
sible to the handicapped; and (3) the municipalities, all in
old urban areas, will renew, in old neighborhoods, that
needed help. Property values increased as fix-ups spread,
thus producing more tax revenue.

My definition of Enlightened Greed is when all partic-
ipants in the process get to divide the spoils.

ENLIGHTENED GREED IN A WORLD
THAT WORKS FOR EVERYONE

The idea is not a new one. In 1865, Frederick Law
Olmsted was lobbying real estate owners in Brooklyn, New
York for support for his vision of Prospect Park, based upon
the concept that their properties would increase in value.
He was right. The concept worked for 75 years. Prospect
Park has recently been renewed and the concept is once
again working. The public-private partnership takes many
forms. You must be open to create the form that works in
your territory. For example, the Boston Redevelopment
Authority (BRA) recently awarded the designation to develop
the prime corner across from the Boston Public Gardens to
the developer who had the creativity to publicly promise
that, if he was designated, in addition to the Linkage pay-
ments required by Boston’s ordinances, he would donate
$70,000 per year for several decades to the friends of the
public garden for annual maintenance. You can bet a ride
on the swan boats, that the friends immediately got to their
phones and writing desks, and let the media, the BRA
Board, and anyone else know who could influence the des-
ignation that we all would win if this developer was selected.
Enlightened Greed.

I am honored to be here. I am grateful for the work
you have chosen to accomplish. You will make our surround-
ings more liveable. We thrive as a nation because our indi-
vidual lives work, and part of this is certainly due to the
balance you work to create between man and nature. When
I see this delicate balance in our cities, especially Boston,
New York, Washington, and Chicago, I think of the genius,
the vision of Frederick Law Olmsted. Allow me to share his
thoughts of 25 February 1870 when he wrote a paper titled
“Public Parks and the Enlargement of Towns” to be pre-
sented at a symposium being held at the Lowell Institute.

“We want a ground to which people may easily go after
their days work is done, and where they may stroll for
an hour, seeing, learning, and feeling nothing of the
bustle and jar of the streets, where they shall, in effect,
find the city put far away from them.

“We want the greatest possible contrast with the
streets and the shops and the rooms of the town which
will be consistent with convenience and the presen-
tation of good order and neatness. We want, especially,
the greatest possible contrast with the restraining and
confining conditions which compel us to walk circum-
spectly, watchfully, jealously, which compel us to look
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closely upon others without sympathy. Practically what
we most want is a simple, broad, open space of clean
greensward, with sufficient play or surface and a suffi-
cient number of trees about it to supply a variety of
light and shade. This we want as a central feature.

“We want depth of wood enough about it not only
for comfort in hot weather, but to completely shut out
the city from our landscapes.”

This was 116 years ago!

Ladies and Gentlemen, thank you for the honor, the
opportunity, to speak to you. I encourage you to use the
concept of Enlightened Greed. 1 encourage you to conduct
your programs, to attain your dreams, with the politics of

Inclusion, rather than the old safe politics of Exclusion.
Thank you and God bless you.






Land Use Planning and Urban Wildlife

JouN L. WACKER, President, American Society of Landscape Architects, 1733 Connecticut Ave., N.W., Washington,

DC 20009

Mr. Chairman, distinguished speakers, officers of the
National Institute for Urban Wildlife, members, and guests.
It is a real honor to be here today, to share the thoughts of
our profession, and to talk about a very timely subject. It is
a real pleasure, too, to follow a Massachusetts resident. We
do not get to do that too often—there are not that many of
us! Massachusetts is a state that still calls itself a Common-
wealth, by the way, where I would like to think we have
more than “enlightened greed.” We have “enlightened
action.” Enlightened greed motivates people to enlightened
action, and that is really what Mr. Faraca was talking about.
I will share some of my thoughts on that point a little later.

Whether involved in the planning and design of the
natural or man-made environment, whether undeveloped
land or recycled land, landscape architects are committed
to providing a framework to promote proper land use deci-
sions, which will benefit both man and nature. With eco-
logically-based natural resource analysis, we can protect and
enhance those elements essential to the interrelated global
system and the interconnected web of life to create an
important improvement in the human bond with other
species. It goes without saying, of course, at this conference,
wildlife needs open space systems in the land. Man, too,
needs those same open space systems for protection, health,
scenic beauty—all of those things that the open space and
corridor systems provide in the landscape.

In order to develop these for mutual benefit, though,
we need the total commitment of all those who believe that
wildlife and open space are essential to the proper balance.
With ever-increasing population in our urban environment,
nature most always relinquishes and recedes. I am not too
optimistic about its ability right now to recover, as man
consumes and develops the land. We are now able to rec-
ognize that we are in danger of losing the global garden. By
education, information, and forceful community action and
involvement, I believe we will ensure that the necessary
elements in the public welfare can be protected. The very
basic need for wildlife in our metropolitan environment is

indeed a complex challenge, and I did not realize that until
[ began preparing the thoughts of our profession for what it
really means.

Although all in this room are really committed to the
whole concept of preservation and enhancement, we must
ask ourselves if we have yet demonstrated the full range of
urban wildlife to the decision makers. We have heard from
the developers. But have we demonstrated those values to
the dwellers on the land and, most importantly, to the young
who will be all of the above? I believe that our primary
challenge, therefore, is to inform and to educate about
nature. | believe that we are in the business of education,
and most importantly, in the elementary and secondary
school systems. When you think back on a little bit of
history, the litter bug—whether you like the litter bug or
not—did a great deal for putting in the minds of the young
people at the time what it means to the environment. Then
along came “Woodsey Owl”—*“Give a hoot, don’t pollute!”
Smokey the Bear was there, and had a lot to do with
implanting ideals in the minds of our young people. These
are strong images used to educate and inform our young,
and our elders as well. Although we are not necessarily
advocating gimmicks or slogans, the importance of visual
images cannot be overlooked in the creation of knowledge,
understanding, or ideals.

However, the mere mention of the term “urban wild-
life” evokes a wide variety of responses in our fellow man. 1
tested that, and | do not have time to share all of the results
with you, but I do want to share one. In the upper reaches
of hunting and fishing country of New Hampshire, where
zoning is not well-received at all, I saw a bumper sticker
that said, “Support Wild Life—Throw a Party!” I could not
believe that this is what is happening in our attitudes.

In any event, Edmund O. Wilson, in Biophilia and The
Human Bond with Other Species, noted that the first step in
any crisis in an historical movement in the history of man
is almost invariably ethical. Then, as knowledge grows and
information is developed, we move into the informational
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and more narrowly intellectual phase. Finally, as under-
standing becomes sufficiently complete, the question turns
ethical again. Edmund Wilson believes we are entering the
second stage in the environmenta! movement. It is com-
forting, however, to recall that in 1864 it was George Per-
kins Marsh who called for balance in nature with man and
warned of the consequences of man’s dominion over nature.
I am young enough to think it started with Rachael Carson!
There may be others who are younger and think of other
people in the movement. It is equally comforting to learn,
however, that we are moving away from the whole Cartesian
thought that we have lived with the belief that there is a
strict division between mind and body where the body is
viewed simply as a machine. Frank Fritzoff Capra, in The
Turning Point, says there emerges a systems view of life, a
new vision of reality for cultural transformation, that is based
upon essential interrelatedness and interdependence of all
phenomena—not just the physical or biological, but also
psychological, social, and cultural. What is preserved in a
wilderness area is not individual trees or organisms or wild-
life, but the complex web of relationships among them.
Such a new vision is truly ecological and goes well beyond
those immediate concerns for environmental protection.

There is no question that we are moving into a new
era over all of the globe. As those in a profession of some
30,000 landscape architects trained in aspects of resource
analysis, we are committed to the values of planning to
improve the quality of our lives and our landscapes. This
most certainly includes the wildlife in all of the urban,
suburban, and regional environments. This year the Amer-
ican Society of Landscape Architects has focused new efforts
in the management and understanding of our public lands
with the creation of a National Committee for Public Lands.
In addition, as you heard from Pat Noonan, we developed
our own Americans Qutdoors Task Force, to share the
perspectives of landscape architects with the President’s
Commission on Americans Qutdoors. A member of our
staff, Ray Freeman, is here who participated with Pat Noonan
in many of those programs that you heard about.

In reviewing the nearly 40 national policies of the
American Society of Landscape Architects, 20 of which are
devoted to environmental and larger issues of pollution and
atmospheric elements, I found that we have no policy on
wildlife. Perhaps it is time for us to join with you, and I
suggest this as a challenge to landscape architects, to begin
to develop a policy on wildlife that will, especially in the
urban focus, help us to work with you in a more cohesive
way.

We are involved, as landscape architects, in public
practice, and in just three agencies alone in this country
there are 400 million acres (162 million ha). Also, our
private practice firms perform land planning, at all scales,
from new town planning to resource analysis, to the very
small pocket parks and community projects such as tree

planting. We have an academic practice contingent who
support and teach in our 55 schools around the country.

Now I would like to share with you a few local examples
in Massachusetts that had to do with “enlightened action.”
Some 23 years ago, and this may help your corridor concept,
four of us formed the Charles River Watershed Association,
which eventually grew to include 30 cities and towns. That
group still exists today. It was responsible for insisting on
and eventually achieving with the Corps of Engineers, the
notion of using the natural valley water storage capacity in
the upper reaches of the river, and stopping the Corps from
building a dam, which was the primary solution proposed
for water management. Today, that group is concerned with
public access and provides the proper political motivation
to acquire lands along the river. The water quality has been
raised so that we are now talking about swimming in certain
parts of that river. It can be done.

There also exists in Massachusetts another example
that I wanted to share with you. There are 350 cities and
towns that have conservation commissions. Those conser-
vation commissions’ basic requirements and basic duties are
to protect the wetlands of the state. They are involved with
citizens who constantly are on the lookout for infringements
of the wetlands from development. Just this year, our gov-
ernor signed a new law to protect wildlife, and this was in
addition to the Wetlands Protection Act in the Common-
wealth. The new law closed a much-needed gap because the
state did not have the wildlife provision to stop some of
those developments. It is a very important new law in our
state.

[ believe we must see the solution to the enhancement
of wildlife as part of the larger issue of open space in the
environment, and work more with environmental scientists,
where we aid in development of the indicators of environ-
mental health, of which wildlife is an essential ingredient.
We must expand and energize our existing organizations
into coalitions with a greater force in the outcomes. We
cannot expect the private sector to do it. As you heard,
their motivations may be different, but they are coming
around. We cannot expect the public sector to do it alone.
Therefore, it falls to the nonprofit sector and this is reaf-
firmed in the 1985 Environmental Quality Report, which I
call to your attention. That report mentions that the non-
profit coalitions can be the force that establishes the values
for the true environmental quality. In these coalitions, there
is a deep sense of mission and commitment. They tackle a
wide range of problems and solve them. They proceed quickly
and quietly, take action, and do not just leave wildlife and
open space to the left-over planning documents that you
heard about from an earlier speaker. I believe more must be
done in each community. The local action is critical to
interact, to identify, and in some cases, to develop new
habitat needs of urban wildlife.
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[ wanted to say, when Paul Faraca was speaking, that
there is nothing wrong with the politicians; all you have to
do is to take them to lunch. In the early 1960’s, in Massa-
chusetts, we had involvement of young rebel legislators.
One of those committed rebel legislators was Michael Dukakis.
We took him to lunch. We invited him to urban design
discussions. We invited him to discuss open space. It was
with him that we stopped the Jamaica Way so that a hospital
in the Brookline area could have the development that it
has and not have the Jamaica Way and the Boston area
lined with cars and roads, and have all the trees cut down
and the habitat that was there destroyed. Mike Dukakis is
now Governor of Massachusetts and it is no wonder that he
cares about open space and wildlife habitat, and signed this
new law.

Many of our private practice firms, with the support of
city councils, develop plans that protect large amounts of
land suitable for wildlife. I believe the town councils and
boards and cities with their ever-changing members con-
stantly need information and education about wildlife and
open space. In Massachusetts recently, there was a 50-acre
(20 ha) parcel that was ready to be developed. It was a
wetland parcel. The proposal went all the way to the Corps
of Engineers and the EPA and was finally overturned. Yer,
you read other documents from around the country and
learn that there are 300,000 acres (122,000 ha) of wetlands
every year that are destroyed.

Our profession, though very young, is rich in historical
roots, and in preservation and conservation. I am sure that
most of you are familiar with lan McHarg’s Design with
Nature. We have another book, Earthscape, written by John
Simons, calling for environmental awareness in all aspects
of land use planning. Although these books suggest large
scale, great concern for the interconnected landscape, we

must care about every small parcel of wetland and open
space. [ believe we must be “pro-active.” Most of the town
boards and agencies are “reactive.” It is time to turn that
around. Also, 1 believe we need to focus some of our devel-
opment thoughts on state land use laws. To my knowledge,
there are only two states in the country that have land use
laws, Vermont and Oregon. [ had the privilege of testifying
as an expert witness in Vermont on “Aesthetic Value,”
which can be measured. We need to develop more direction
in the states. We need to inventory and clearly delineate
important natural resources. We need to get on with it and
do it.

The global garden is at stake. The biosphere as a single
organism may be more out of balance at this very moment
than we realize.

Urban wildlife is essential to that balance. We land-
scape architects will accept whatever challenge necessary to
change that balance and work to develop a conservation
strategy for every bioregion in this country. The forests may
all be cut, radiation slowly rise, and the winters grow steadily
colder, but if the effects are unlikely to become decisive for
a few generations, very few people will be stirred to revolt.
Ecological and evolutional time spanning centuries or mil-
lenia can be conceived in an intellectual mode, but has no
immediate emotional impact. Only through an unusual
amount of education and reflective thought do people come
to respond emotionally to far-off events, and hence place a
high premium on posterity. These words are from Edmund
Wilson, the great biologist.

We landscape architects are excited about your net-
work concept. We stand ready to participate with you, both
individually and collectively, in every corner of this land,
to protect and enhance our fragile garden.

Thank you.






City Critters: A Cast of Millions®

DaviD M. BIRD, Macdonald Raptor Research Centre of McGill University, 21,111 Lakeshore Road, Ste. Anne de

Bellevue, QC H9X 1CO, Canada

Virtually every urban or suburban dweller with eyes
and ears cannot help but notice these days the impressive
variety of wildlife species that have adapted to backyard life
within our cities. It has become unnecessary to travel hundreds
of miles into the country to be entertained by the antics of
playful squirrels, the cool composed manner of a foraging
raccoon, the colorful flashes of feeding birds and butterflies,
or the purposeful flitting of a bat in the twilight. It is all
there, right in our own backyards. Sometimes just a few
alterations to your outdoor living space will not only provide
more feeding and breeding habitats for wildlife, but also will
serve to enrich your life.

Understandably though, we can all have too much of
a good thing. Not everyone welcomes pigeons on the bal-
cony, bats in the attic, snakes in the basement, or gophers
in the garden. You need not reach for your guns or poison,
however. There are less drastic and essentially harmless
methods available for maintaining peace with most city
critters. And whether you are cooperating or battling with
backyard wildlife, there is always room for a little humor.

Having recently published a book entitled “City Crit-
ters: How to Live With Urban Wildlife,” my objective is to
briefly introduce you to the kinds of critters you will be
reading about in these proceedings, literally a cast of mil-
lions.

I do not have to tell you that there are a lot of squirrels
out there. On a stroll through many North American towns
or cities, you might encounter, from smallest to largest and
depending on its range, the diminutive, but gutsy flying
squirrel (remember Rocky and Bullwinkle?), the ill-tem-
pered red squirrel, the early-rising gray squirrel, and the
indolent fox squirrel.

Generally, the gray squirrel’s salt-and-pepper appear-
ance results from alternating bands of white, black, and
brown on the hair. So where do all those black squirrels

'Excerpted from City Critters: How to Live With Urban Wildlife published
by Eden Press, Montreal, 1986.

come from? Well, they are simply a variation of the gray
squirrel, sometimes popping up unexpectedly in a litter of
grays. Some regions, especially in northern latitudes, con-
tain whole populations of blacks.

Squirrels are thankfully devoid of anal musk glands,
but like some people I know, they do have sweat glands
between the pads on their feet.

And how about those fluffy tails!? Not only do they
serve as a balance (and occasionally as a parachute) in their
acrobatical branchwork and as a rudder during their infre-
quent swims, they act as a sunshade on hot days, a warm
bodywrap on chilly days, and an extremely useful sensor for
air currents. Best of all, they can be flicked about in various
manners to warn everyone of the extent of your ill mood!

You might observe fox and gray squirrels feeding in the
same tree; however, the crotchety old males generally keep
to themselves. The red squirrel’s range often overlaps with
the fox, but ample evidence suggests that the former’s
aggressive nature seldom permits tolerance of the two bigger
species in its territory. In short, when it comes down to food
and den sites, the red is a tough competitor.

The grays are more agile in the trees than the stumble-
bum fox, but occasional spills from as high as 40 meters
result in little or no injury. The flying squirrel (which does
not actually fly) has been known to glide to another tree 45
meters away and turn at 90 degrees in mid-air. As for swim-
ming, a gray squirrel can manage three kilometers in calm
water, but the smarmy little red can even dive a half meter
or so below!

Unlike the lazy fox squirrels, grays are up and at it
before sunrise. However, they do spend much of the after-
noon sleeping and sunning themselves.

Squirrels are renowned for caching food, too. Caches
have no particular ownership and communal hoarding is
common. Although some memory is used to locate stores,
squirrels are capable of smelling them out, even under 30
centimeters of snow.

Few easterners with any interest in nature whatsoever
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have not experienced the greedy but delightful antics of the
tiny panhandling chipmunk as it scurries back and forth
with booty begged from highly willing victims.

Most intriguing is the chipmunk’s ability to stuff enor-
mous quantities of food inside its mouth pouches. To give
you an idea, consider these records from four different chip-
munks: 31 corn kernels, 13 prune pits, 70 sunflower seeds,
and 32 beechnuts, respectively.

Unlike bats and woodchucks, they are not true hiber-
nators. The chipmunk lives off stored food and not accu-
mulated fat deposits. Apparently when it awakens for either
a snack or toilet duties (and they are very clean about this),
the chipmunk stumbles around with its eyes closed, just like
some humans I know!

Just about everybody recognizes the raccoon with its
brownish-gray butterball body, ringed tail, and the Lone
Ranger mask concealing a pair of beady black eyes. They
are amazingly strong for their size; one raccoon with a good
toehold in its den supported a 200-pound man by its tail!

Above all else, raccoons are well endowed with the
smarts. Where food is concerned, they are very quick to
learn how to open fastening devices of all kinds and will
remember the techniques for up to a year without practice.

“Cute,” “cuddly,” “curious,” “comical,” and “lovable”
are just a few of the words used by the public to describe the
raccoon. Let me add a few more. . .“mischievous,” “tough,”
“cantankerous,” “bold,” “tenacious,” and “vicious.” In other
words, a split personality.

Do not be fooled into thinking that lack of entry will
foil them either, as they are quite capable of enlarging
existing holes and scraping out new ones.

Raccoons can motor along by bounding at about 25
kilometers per hour, but it is only a matter of time before
these clever creatures catch onto buses and taxis. They are
excellent swimmers, known to cross rivers and lakes up to
three hundred meters wide.

They do not really have mates in the normal sense; the
promiscuous males are polygamous and will breed with as
many receptive females as possible. Copulations may last
for 20 minutes to a whole hour per session, but the female,
generally passive during the event, may terminate the ses-
sion after a half-hour by turning her head and baring her
teeth!

Everyone knows that raccoons wash their food before
eating it. . .right? Wrong! Only captive animals exhibit
this behavior and it has nothing whatsoever to do with
cleaning or moistening food. This behavior is simply a sub-
stitute for “dabbling” or searching for aquatic prey by wild
’coons.

It is a lot easier to list what raccoons do not eat because
they eat just about anything. They can open ice chests and
tightly fitted lids, as well as unlatch doors. One thirsty devil
even managed to uncork a whiskey bottle pilfered from a
camper truck! As for your garbage, they love leftovers, but
will ignore raw onions.

When taxonomists dished out the latin names for our
wildlife, they sure gave the skunks a smelly deal. The two
common urban varieties, the striped and spotted skunks,
are called Mephitis mephitis and Spilogale putorius, which
mean “bad odor, bad odor” and “stinking spotted weasel,”
respectively. But they come by their names honestly. On
each side of the anus is a scent gland about 2.5 centimeters
long, with a protuding nipple, capable of spraying up to 5
meters away. If it is any comfort to you, no urine is sprayed
with the musk. The glands are good for about five to eight
shots each, totalling roughly two tablespoons of musk.
Replenishing a full load takes 2 days.

An adult male dens with his harem, fighting off other
males. One fellow fertilized six females and they all gave
birth the same day. Coitus can be quite forceful and violent
with both partners biting and dragging one another around.
Apparently, rabies may be transmitted to each other in this
manner.

Skunks are omnivorous and so eat just about anything
edible they can catch. Interestingly, skunks are clever enough
to render some creatures harmless to them by rolling them
across the ground; this removes poisonous bristles from fuzzy
caterpillars, skin poison from toads, and expends the beetles’
defensive secretions.

Cottontails thrive in towns and cities, frequenting vacant
lots, gardens, shrub plantings, golf courses, parks, and heavily
planted residential areas. A true rabbit, defined by its mostly
naked, helpless young, the cottontail essentially derives its
name from that cottonball of a tail. It is the deeply cleft
upper lip that has given rise to the expression, “hare-lipped.”
They are fairly quick, too, covering up to 4.5 meters in the
first few leaps and maintaining a speed of roughly 30 kilo-
meters per hour in a short sprint.

The expression, “breeding like a rabbit” does have
some basis in fact. With up to three litters per year in the
north, and as many as six in the south, each of which
contains between three and six young, it is not surprising
that some females produce up to 29 young per year. The
gestation period is only 28 to 29 days, but within a few hours
of giving birth, the female is ready to start all over again.

Although it is not a fossil holdover from the dinosaurs
as is commonly believed, the opossum is the only marsupial,
i.e., bearing its young in a pouch, on the North American
continent. Another myth is their so-called slow-wittedness.
Far from stupid, the opossum has ranked above the dog and
rivalled the pig in intelligence tests. They are not especially
rapid or agile climbers in spite of having an opposable thumb
and a prehensile tail, which acts as a fifth leg. They can
indeed hang by that tail, too.

Although not a ploy unique to them, feigning death
when faced with an unescapable threat is common to “pos-
sums.”

Copulation lasts about 20 minutes, but notably, the
mating pair tumble over on their right sides to achieve sperm
transfer (the left side apparently does not work). Although
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one male was seen trying to copulate with a dead female in
the middle of a highway, an opossum definitely does not
copulate with his mate’s nose, as is commonly believed.

After severe winters, many opossums are marked by
excessive numbers of cuts, scratches, ripped ears, lost toes,
and broken teeth and bones. They have a remarkable faculty
for healing though.

The woodchuck or groundhog deserves a few words.
Sure, | know they prefer open farmlands, but I also know |
have seen them in golf courses, parks, ravines, and big, big
backyards in suburban areas.

They can swim quite well with just their nose and top
of head above the surface. They also can forage in trees.
One startled 'chuck zipped 5 meters up a jack pine, and
others have been seen lounging around 9 meters up in trees.

When not feeding their faces, woodchucks often squat
in the mouth of their dens, sunning, scratching, and pulling
their hair. Unlike many other four-legged mammals in North
America, they do undergo true hibernation by entering
torpor. Their heartbeat drops from 100 beats per minute to
about 15, the body temperature from 35° to 8° Centigrade,
and breathing rate decreases to less than one inhalation per
6 minutes.

And this is like telling children there is no Santa Claus,
but Groundhog Day has no factual basis whatsoever. Wood-
chucks often emerge during spells of warm weather even in
mid-winter.

Restricted to southern and western regions, particularly
the plains and prairies, pocket gophers might be encoun-
tered any place where there is loose, soft soil and plenty of
juicy, edible plants to munch on.

Gophers have large, prominent incisor teeth, which
protrude from the front of the mouth and minimize the dirt
eaten while cutting apart roots.

Apparently, gophers can run backward through their
burrows, using their sensitive tails as probes. Except during
the mating season, they are not likely to run into each other
either, because these quarrelsome critters will even plug
connecting holes to avoid meeting one another.

You may never see a mole, but if you do, you will
recognize it by its long, naked snout that extends 12.7
millimeters beyond its mouth, large broad forefeet, soft
velvety fur, and eyeballs reduced in size to the point of being
useless.

The eastern mole, the most common invader of urban
areas, has an insatiable appetite and will often eat 50% to
100% of their body weight daily. Moles need all that energy
to accomplish the burrowing they do each day.

Second perhaps to the Norway rat, the ubiquitous house
mouse is the most troublesome and economically important
rodent in North America. It is certainly the most common
mammal in man’s cities, next to man himself. They are
categorized as nibblers because they spoil more food by
contamination than they eat; they eat about 3 grams daily.

With a year-round breeding season, a 19-day gestation

period, an average of eight litters per year each consisting
of four to seven young, and an age at first breeding of up to
2 months, we must be grateful that mice have an average
lifespan of only 1 year.

This nocturnal “mighty mouse” can climb just about
anywhere in any direction on any rough surface and can
chew through wood, concrete, vinyl, rubber, and even alu-
minum.

And I would be remiss if [ failed to include the undis-
puted king (the house mouse being the crown prince) of all
city critters, the rat, both Norway and roof varieties. Being
an excellent swimmer both above and below water, the
Norway rat has been known to pop in uninvited out of a
toilet or basement drain.

Rats have poor sight and are color-blind, but they more
than make up for this with their excellent powers of smell,
touch, hearing, and taste. For example, they can detect
contaminants in their food as minute as 0.5 parts per mil-
lion, a figure far below the threshold of humans.

Rats are also highly promiscuous; the rabbit’s got noth-
ing on them. To illustrate, one Norway rat and her young
of the year produced another 1,500 rats in one year!

Next to humans, the Norway rat’s biggest enemy is
another Norway rat. In their social hierarchy, the larger rats
and females with young are dominant. Hence, most rats die
from cannibalism resulting from fighting among themselves.

What do we know about bats? Well, they are a public
menace because they entangle themselves in hair, bring
bedbugs into the house, and spread rabies. Wrong, wrong,
wrong! Mankind could not be blessed with a greater friend
in nature’s circle; however some bats can have rabies.

There are basically two types found in urban environ-
ments: the colonial bats including the little brown (probably
the most abundant), big brown, Mexican free-tailed, eve-
ning, pallid, and eastern pipistrelle; and the solitary types
including the red, hoary, and silver-haired bats. The most
remarkable feature of bats is their ability to echo-locate with
sonar. Emitting ultrasonic sounds at roughly 10 per second,
the whole process of detection, pursuit, and capture of an
insect takes about 1 second.

They can compete easily with the fanciest electronic
bug zappers. It has been estimated that a colony of 500 bats
accounts for over five hundred thousand flying insects nightly;
that is a lot of bugs!

Mating generally occurs in the roosts, but red bats have
been observed attempting copulation on the wing. Clinging
with a vice-like grip on their mother’s teats, the sucklings
have been known to take a ride with her during a change
in roosts. One red bat was seen carrying three or four babies
whose combined weight exceeded her own.

No other class of animals better illustrates our polarized
views toward sharing our habitat with wildlife than do birds.
The two extreme views are best shown by the case of the
pigeon. If you stroll through any major city core, you will
surely encounter a kind soul dumping bags of bread crumbs
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among a hungry horde of pigeons. The mere suggestion that
pigeon numbers are in need of control is enough to rouse
some of these gentle people to physical violence!

A pair takes 18 days to incubate a clutch of one or two
eges, and the young leave the nest between 4 and 6 weeks
of age. Before they even leave though, Mom has laid another
set of eggs. Pigeons breed virtually year-round, especially in
spring and fall.

The pigeon is not the most numerous bird species in
the city. That honor is bestowed upon the tiny house spar-
row. And there is one more feathered rascal that has pitted
itself against urban residents on many occasions. From less
than two hundred individuals released in 1890 and 1891 by
a man who wanted Central Park in New York City to
contain all the species mentioned in Shakespeare’s plays,
the starling now numbers more than one hundred forty
million birds in the U.S. alone!

It is hard to dislike the industrious woodpeckers, but
as long as man uses wood as a building material and prizes
his ornamental and fruit trees, not everyone will be a fan of
theirs. The hairy, downy, and red-headed woodpeckers, as
well as the yellow-bellied sapsucker and common flicker,
are the most abundant in North America and most likely
to be encountered in suburbia.

Even the beautiful and highly beneficial cliff swallow
incurs the wrath of suburban man. A single nest might be
composed of 900 to 1,400 mud pellets, each representing a
trip, sometimes up to 0.8 km away.

Widely distributed across North America and one of
the best-known birds, the clever crow naturally is a common
sight in suburbia. These omnivorous critters will eat just
about anything and over 600 different items have been
logged on its menu. Gulping down about eight to ten meals
per day, its daily intake might equal a quarter-pounder’s
worth.

In many towns and cities, herring and ring-billed gulls
are attracted to land-fill sites and quarries. Some populations
have developed interesting feeding patterns that coincide
with the morning openings of fast food outlets!

So far | have only addressed those avian species that
have been known to conflict with the interests of urban and
suburban residents. There is another side to the coin and
here I refer to the color, music, and life that birds add to
our sometimes monotonous and desolate city landscapes.

Bird appreciation is second only to gardening as North
America’s favorite pastime. Let’s face it—birds have wings
and they can end up anywhere they darn well please! Mallard
ducks cavort in ponds, lakes, and man-made reservoirs in
city centers; screech owls frequent tangled vines in suburban
areas; and their larger cousin, the great horned owl, hides
and hunts among the wooded ravines. American kestrels,
merlins, and peregrine falcons are three diurnal raptors that
have adapted to nesting in man’s cities.

Hummingbirds are among the most delightful of back-

yard guests. Weighing just over 3 grams, their wings beat
an incredible 75 times a second!

For the most part, the reptiles and amphibians, collec-
tively known as the herptiles, have gotten a raw deal from
urbanization. In spite of it, a small number of them are
either holding their own or even increasing their numbers
within city boundaries. Increased food and cover, along with
decreased numbers of predators, may lead to the latter.

Just the mention of the word “snake” to some people
(like my Mom) is enough to cause heart palpitations. No
matter what I say, Mom will never become a snake groupie,
but at least she will not run around stomping and beating
to death every snake she encounters, either. Among those
snakes that do quite well in urban centers, we find the
eastern garter, the northern brown, and the red-bellied.

Contrary to popular opinion, snakes do not swallow
their young to protect them; if they did so, their strong
digestive juices would probably kill them. Unfortunately,
the northern brown snake, likely the most abundant snake
in New York City, is sometimes mistaken for a baby Mas-
sasauga rattler and the red-bellied is often beaten to death
as a copperhead. Obviously, the snakes are faced with a
huge public relations problem.

Box turtles have really got to be one of the most harm-
less of all city critters. Interestingly, they are immune to
poisonous mushrooms, but any animal feeding on a box
turtle after the latter has eaten such fare, becomes ill. Often
taken as pets, the box turtle’s problem is that it is too
harmless.

Another equally innocuous critter, the red-backed sal-
amander, appears to show a high degree of urban tolerance.
Of the toads, Fowler’s toad seems to be able to “tough it
out” in man’s cities and is, in fact, increasing its population
in some. Because of their diet and unobtrusive nature, 1
cannot think of a better animal to have around the yard.

Although the bullfrog can be heard bellowing in weedy
areas along lakes and ponds within city limits, there are two
better examples of city-dwelling frogs and they both origi-
nated from Cuba! Limited thus far to southeastern Florida
and the Keys, the Cuban or giant tree frog has gained the
reputation of causing power failures by scaling hydro poles
and straddling two wires on the small transformers. The
greenhouse frog takes well to human habitat, especially
gardens and greenhouses.

Well, with the exception of umpteen million insect
species and the fish lurking below the surfaces of ponds,
lakes, streams, and reservoirs within towns and cities, that
is a brief look at some of the slickest, wiliest critters ever to
hop, slither, run, or fly across the face of the earth. We can
fight nasty futile battles to eradicate them from our urban
or suburban centers, or we can leafn to co-exist with them
peacefully by using preventive medicine and enhancing their
natural habitat. You might ask yourself why you should take
the latter route.
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I can give you several reasons. From psychological and
sociological points of view, it is my firm belief that whatever
wildlife forms choose to reside with you actually reflect your
personality and even your social status (if this is important
to you). Enjoying urban wildlife can consist of simply feeding
pigeons in the park, to taking a guided tour on a trail in a
suburban park. Aesthetically, a neighborhood and backyard
comprised of the flashing colors of cardinals, bluejays, tan-
agers, and goldfinches amid the greenery and flowers must
surely be a more welcome sight than block after block of
concrete and asphalt. Economically, it is a well known fact

that property values are increased by trees, shrubs, and
flowers—especially if in close proximity to a permanent
water basin designed to enhance wildlife populations. Urban
wildlife also serves as a useful barometer of a healthful human
environment.

Most important of all, we must manage wildlife in
utban areas not just for aesthetic, economic, and recre-
ational reasons, but for its own sake. City critters are very
interesting animals; they constitute an important part of our
wild heritage.
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INTRODUCTION

The Montgomery County, Maryland, Department of
Park’s natural resource planning and management process
is a valuable tool for the park system. It exemplifies Mont-
gomery County Park’s (MCP’s) commitment to natural
resources protection and conservation for present and future
generations. As the conversion from rural to urban land-use
continues, it will assure that some local natural and envi-
ronmental educational resources are preserved.

This paper describes our considerations and efforts in
developing the process. In so doing, we have attempted to:
(1) address the issue of species diversity from the community
level as well as a species-by-species approach, (2) discuss
relevant ecological issues, and 3) illustrate the utility of
natural resources modeling in land-use planning. Our efforts
were not directed at developing a system of natural areas,
but rather at a planning and management process that is
dependent upon, and in turn conserves, natural resources
in Montgomery County parks.

BACKGROUND

The Setting

Montgomery County, Maryland, covers 316,160 acres
(128,000 ha), lies adjacent to Washington, D.C., and is
within the Piedmont section of the oak-chestnut (now oak-
hickory) forest region (Braun 1950). Elevations range from

'Statements made in this paper are our own and do not necessarily reflect
current opinions or adopted policies of the Maryland-National Capital
Park and Planning Commission.

229 to 702 feet (69.8 to 213.9 m). Long, narrow stream
valleys drain the gently rolling topography. Ninety-two per-
cent of the county’s soils are classified as uplands. The
remaining soils are on old, high terraces along the Potomac
River, or on floodplains (Matthews et al. 1961). Approxi-
mately 620,000 people, with a median household income
of $39,154, reside in the county.

The Montgomery County Park System

In 1927, the Maryland General Assembly passed a bill
authorizing a Maryland-National Capital Park and Planning
Commission {(M-NCPPC) for the Montgomery County and
Prince George’s County suburbs. The bill directed that the
new agency coordinate development in the bicounty area,
acquire land for parks, pathways, and other public places,
issue bonds and condemn land for this purpose, and levy
taxes within the planning district (MacMaster and Hiebert
1976). Rogers, the Commission’s first architect, noted (1931)
that Montgomery County’s stream valleys could be devel-
oped for parks “by using in almost every case only such land
as is unfit for building purposes.” Today, the Montgomery
County Park System includes 26,416 acres (10,694.7 ha) of
stream valleys and uplands. An additional 10,000 acres
(about 4,048 ha) will be acquired in the near future. Stream
valley parks and regional parks form the backbone of the
park system. Smaller local parks, athletic parks, and historic
farm parks also serve the county’s open space and recre-
ational needs.

The Preservation of Natural Diversity

Plant and animal species are not spread randomly across
the landscape but are grouped into more or less distinct

Integrating Man and Nature in the Metropolitan Environment. Proc. Natl. Symp. on Urban Wildl., Chevy Chase, Md., 4-7 November 1986, L.W. Adams and
D.L. Leedy, eds. Published by Natl. Inst. for Urban Wildl., 10921 Trotting Ridge Way, Columbia, MD 21044, 1987.
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communities (Daubenmire 1968). In general, plant distri-
butions are controlled by physical features of the environ-
ment—including underlying bedrock, soil type, soil pH,
soil moisture, slope, aspect, and elevation—whereas animal
distributions are controlled by the vegetation growing in an
area. Persistent plant communities, and the animal species
associated with them, are considered natural communities
(D. Daniel Boone, pers. commun., 1986). In order to suc-
cessfully protect and manage natural communities, it is
important to understand how they develop, change through
time, and are affected by human manipulation.

The Natural Heritage Program, Maryland Department
of Natural Resources, is developing preliminary descriptions
of Maryland’s natural communities (D. Daniel Boone, pers.
commun., 1986). The descriptions include comments on
underlying bedrock, soils, slope, aspect, altitude, and char-
acteristic plant species. Our preliminary field work has revealed
that seven of these communities (i.e., mid-Atlantic flat-
rock, riverside outcrops of the Potomac basin, mid-Atlantic
serpentine barrens, dry forest on acidic bedrock, mesic forest
on acidic bedrock, central floodplain forest, and central
swamp forest) occur in Montgomery County. The geologic
map of Maryland (Cleaves et al. 1968), Montgomery County
soils maps (Matthews et al. 1961), and National Wetlands
Inventory maps, U.S. Department of the Interior, Fish and
Wildlife Service, can be used to obtain approximate bound-
aries for most of these natural communities.

Natural communities occur in various stages of second-
ary succession. The physical environment and past land-use
practices control succession’s rate and limit. On Maryland’s
Piedmont, secondary succession proceeds through the fol-
lowing stages: (1) bare soil, (2) grass-herb-seedling, (3)
scrub-shrub, (4) forest dominated by shade intolerant trees
(often coniferous species), and (5) forest dominated by shade
tolerant trees (always deciduous species) (Hench et al. 1985).

Chipley et al. (1984) estimated that by protecting
adequate examples of Maryland’s natural communities, at
least 85% of the state’s native species would be preserved.
They refer to this community approach as the coarse filter
for capturing and protecting elements of natural diversity.
For example, by protecting adequate examples of mesic
forest, jack-in-the-pulpit (Arisaema atroubens), yellow pop-
lar (Liriodendron tulipifera), and red-eyed vireo (Vireo oliva-
ceus) also may be protected because these species are usual
components of this natural community type. However, some
species are not found in most examples of natural commu-
nities that seem appropriate for them, or are restricted to
rare natural community types. Boone (1984) developed a
list of these rare and endangered plants and Brosnan (1984)
did the same for animals. Chipley et al. (1984) referred to
these lists as the fine filter for capturing and protecting
elements of natural diversity, and recommended that species
on these lists be given priority for research and protection
efforts. As examples, a recent survey of fauna in a springhead
in Rock Creek Park, Montgomery County, near the bound-

ary between Maryland and the District of Columbia, revealed
a previously undescribed harpacticoid copepod (Crustacea),
Attheyella (Mrazekiella) spinipes (Reid 1986). And in the
spring of 1986, one of us (JEH) and John Schmitt collected
a pygmy shrew (Microsorex hoyi)—a species that is rare
throughout its range and under review for federal listing as
threatened or endangered (U.S. Fish and Wildlife Service
1985)—from each of two locations in Little Bennett Regional
Park, Montgomery County. These two species would be
given a higher priority for research and protection efforts
than the red-backed salamander (Plethodon cinereus), a spe-
cies that is common throughout eastern North America.

The Effects of Nonconsumptive Recreation on
Wildlife

Planners must assess and provide for the public’s rec-
reational demands. In turn, ecologists must evaluate the
effects of recreational activities on natural resources, includ-
ing wildlife and their habitats. Boyle and Samson (1985)
reviewed 163 original studies that examined the effects of
nonconsumptive outdoor recreation on wildlife—including
amphibians, reptiles, birds, and mammals—in order to bring
attention to, and provide a better understanding of, the
relationship between recreationists and members of these
taxa. Of the studies that were reviewed, the original authors
reported effects on wildlife from hiking and camping (52},
boating (37), wildlife observation and photography (27),
off-road vehicle use (20), snowmobile (12), swimming and
shoreline recreation (8), and rock climbing (7). Birds were
the most common subjects for investigation (61% of the
studies), followed by mammals (42%), and amphibians and
reptiles (4%). Negative effects were commonly reported for
most all recreational activities and for all taxa (Boyle and

Samson 1985).
The Question of On-site and Off-site Impacts

A frequently asked question in the park business is
“What are the effects of land-use changes—inciuding devel-
opment and land management activities—on natural
resources?” Roberts and O'Neil (1983) reviewed 28 different
methods that could be used to answer this question. Hench
et al. (1985) developed a method specifically for the Mont-
gomery County Park System. These methods vary from
qualitative to quantitative and many can be used for baseline
assessments, monitoring, future predictions, mitigation, and
species management. However, none can be used to accu-
rately predict the effects of habitat fragmentation, the loss
of habitat heterogeneity, edge, or reduced habitat space, on
resources beyond the actual development or management
site. As a result, off-site predictions are often clouded by
qualifications and value judgments and remain a policy deci-
sion. A few of the ecological issues that should influence
this decision are discussed below.

Forest fragmentation is associated with a number of
factors that are detrimental to migratory songbirds (Wilcove
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1985). These factors include cowbird (Molothrus ater) par-
asitism, the loss of habitat heterogeneity, potential barriers
to dispersal between woodlots, and increased nest predation.
Brittingham and Temple (1983) reported cowbirds parasi-
tizing bird nests as far as 1,000 feet (304.8 m) in from forest
edge. Freemark and Merriam (1986) determined that larger
and more heterogeneous forests had more species and pairs
of migratory and resident songbirds. Large forest size was
more important for increasing the number of forest interior
species, whereas habitat heterogeneity was more important
to edge-related species. To maintain a diverse forest avi-
fauna, Freemark and Merriam (1986) recommended maxi-
mizing both forest size and forest heterogeneity.

Whitcomb et al. (1981) and Lynch and Whigham
(1984) examined the influence of forest fragmentation on
central Maryland’s breeding birds. Their research results are
summarized below:

1. Seventeen neotropical migrant bird species typi-
cally account for 80 to 90% of the breeding indi-
viduals in extensive tracts of upland deciduous for-
est.

2. Ten neotropical migrant bird species that are restricted
as breeders to the interior of these forests are rare
in small (2-12 acre, 0.8-4.9 ha) forest patches,
somewhat more common in patches of intermediate
size (15-35 acres, 6—14 ha), and are most abundant
in large (173 + acres, 70+ ha) forested tracts. Seven
of the species that are capable of using forest edge
as well as forest interior are equally abundant in
forest patches of all sizes.

3. Only three of 11 permanent resident species are
restricted as breeders to the interior of upland for-
ests.

Robbins (1984) reported that approximately 85 acres
(about 40 ha) of roughly circular habitat, in the interior of
a woodland, may be the very minimum area that can main-
tain most of central Maryland’s breeding bird species. Smaller
woodlots, or larger forests with a low area to edge ratio (e.g.,
long, narrow stream valley parks), will support fewer num-
bers of forest interior species, and more of the species typi-
cally associated with forest edge, forest edge-scrub, and field-
edge habitats. Not surprisingly, this latter group of edge
species includes the typical breeding birds of central Mary-
land suburbs (Geis 1974, Whitcomb et al. 1981).

Wilcove (1985) noted that the long-term survival of
migratory songbirds in large forested tacts should not be
taken for granted. He measured rates of nest predation in
central Maryland forests and in Great Smoky Mountain
National Park, Tennessee. The rates were 70.5% in sub-
urban woodlots, 47.5% in rural woodlots, 18.0% in a 2,235
acre (905 ha) forest (all Maryland habitats), and 2.0% in
Great Smoky Mountain National Park. These observations
suggested to him that forested tracts even as large as 2,223
acres (900 ha) may eventually experience declines in breed-
ing populations of these species.

Edges are a universal phenomenon associated with for-
est fragmentation. Ranney et al. (1981) showed that forest
edges are about 49 feet (15 m) wide and affect the species
composition, structure, and dynamics of forests. In general,
the creation of a new edge, or disturbance of a mature edge,
causes a regression from mesic (mature) conditions to dry
(pioneer) conditions in the forest interior. This regression
occurs in response to increased light, which affects shade
tolerant and intolerant species differently (Spurr and Barmnes
1980:380-398), and increased wind. Wind buffets edge
trees (Moen 1974), enhances seed dispersal (Crockett 1971),
and changes soil moisture by increasing evapotranspiration
(Ranney et al. 1981). The interaction of edges with interiors
is a function of forest island size. Edges increase the propor-
tion of shade intolerant species in the interior. When cir-
cular forest islands are reduced to less than 13 acres (about
5 ha), or forest corridors (e.g., stream valleys) are reduced
to less than about 330 feet {101 m) wide, forest composition
will shift towards less mesic and more shade intolerant spe-
cies (Ranney et al. 1981).

Forest fragmentation frequently results in a reduction
in habitat space. Space is an important life requisite need
for animals, and this need varies among species. Stewart
and Robbins (1958) reported that the average territory sizes
for a pair of tufted titmice (Parus bicolor) and barred owls
(Strix varia) were 10 acres (4 ha) and 200 acres (81 ha),
respectively, in central Maryland floodplain forest. These
data can be used to illustrate two points. First, a park cannot
provide space for even a single pair of individuals if the
available habitat area is less than the critical home range or
territory size of the target species. And obviously, one pair
does not constitute a minimum viable population (MVP).
Scientists who have worked with real management situa-
tions suggest a minimum of several hundred genetically
effective individuals (see Soulé and Simberloff 1986). This
brings us to the second point. In order to maintain large
herbivores or large predators in a community, along with
the important regulatory functions that they perform, parks
have to be big. Consider the fact that approximately 30,000
acres (12,146 ha) of mature forested stream valley is needed
to support a MVP of 150 pairs of barred owls. On the other
hand, some large species can be effectively managed with a
system of smaller parks that are connected with suitable
travel corridors (Harris 1984:141-144).

To summarize this section, habitat fragmentation, edge,
the loss of habitat heterogeneity, and reduced habitat space
are a few of the ecological issues associated with develop-
ment. It is not realistic to consider their negative effects on
all species beyond a development or management site, but
staff should be aware of their effects on rare and endangered
species, as well as on plants associated with mesic shaded
sites, forest interior birds, large herbivores, and large pred-
ators. An effective development policy for dealing with
these issues would be to site recreational facilities on the
park’s periphery, and thereby minimize impacts on the in-
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terior. Further, through careful landscape design, the
peripheral areas could buffer the interior from effects of
unhindered development outside of the park.

The Use of Overlays in Park Master Planning

McHarg (1969:31-41) presented a method of mapping
physiographic factors so that the darker the tone, the greater
the cost, and similarly mapping social and natural resource
values so that the darker the tone, the higher the value. He
demonstrated that when the maps (i.e., overlays) were made
from transparent materials, and superimposed on a light
table, areas providing the most benefit for the least cost
were revealed by the lightest tone. We propose that MCP
adopt this method of decision-making for use during its
master planning process.

THE PROCESS
MCP’s Mission

As an initial step in developing the process, we asked
Donald K. Cochran, Director of Parks, to draft a preliminary
statement of MCP’s mission. In his opinion that mission is
to:

conserve and enhance the natural environment, to
provide a wide variety of outdoor leisure time activities
for the park user, and to ensure that the park system is
convenient, safe, and enjoyable for all who use it.

We used this mission as a guide during the development of
MCP’s natural resource planning and management process.

M-NCPPC’s Development Policy for Regional Parks

The primary land-use issue in planning and managing
parks is one of impact on natural resources. This issue is
central to MCP’s mission and therefore deserves staff’s full
consideration. As our store of ecological knowledge increases,
so does our appreciation of the many complex interrelation-
ships occurring in nature. Some of these were discussed in
the previous section as ecological issues. From these inter-
relationships, we can assume that impacts on one part of
the environment will often affect other parts as well. With
this assumption in mind, we asked the following questions:
“How does a park’s developed areas impact its undeveloped
areas and vice versa?” and “How can staff successfully inte-
grate developed areas with undeveloped areas for the bet-
terment of both and the detriment of neither?”

M-NCPPC’s 66/33 development policy, approved as a
Commission resolution on 15 December 1968, provides a
partial answer to our questions. Simply stated, the policy
requires that at least 66% of each regional park (i.e., parks
of at least 200 acres, 80.9 ha, that encompass uplands, and
occasionally floodplains and wetlands), be maintained in
natural areas or conservation areas. (However the resolution
does not define these planning categories.) The remaining
33% of a regional park may be developed for recreational

activities. Henceforth, we refer to the 33% as active-use
areas. To clarify and standardize the meaning of these plan-
ning categories, we propose the following definitions:
® natural areas—the sum total of acres of land not
developed for public use, and encompassing those
natural resources being preserved to maintain a
diversity of native natural communities as a legacy
for future generations. Within these communities,
natural processes and desirable ecological changes
should be allowed to take place. Management activ-
ities should be limited to those necessary to mitigate
the influence of humans and species that are both
nonnative and undesirable (e.g., gypsy moth,
Lymantria dispar).

® conservation areas—the sum total of acres of land not
developed for public use, and encompassing those
natural resources being managed to maintain select
plant and/or animal species. For example, pink lady’s
slipper (Cypripedium acaule) and pine warbler (Den-
droica pinus) are associated with stands of Virginia
pine (Pinus virginiana) on dry, acidic soils. Because
these stands do not usually represent a terminal stage
of secondary succession in Montgomery County, the
stands, as well as species associated with them, can
be maintained only by removing more shade tolerant
tree species from their understory.

® qctive-use areas—the sum total of acres of land devel-

oped for public use. These areas include trails, roads,
nature centers, buildings, campgrounds, golf courses,
ball fields, tennis courts, children’s play areas, agri-
cultural fields, horticultural gardens, lawns, storm-
water management facilities, artificial ponds, artifi-
cial lakes, etc.
Although the Commission’s development policy does not
apply to stream valley parks, we recommend that the phi-
losophy of the 66/33 ratio guide the planning and manage-
ment of these parks as well.

Natural areas and conservation areas are an essential
part of the park system. In addition to their significance as
protected habitats, these areas contribute to the quality of
the public’s experience in each park. For it is the natural-
conservation areas (N-CAs) that give each park its own
special feel in terms of size, naturalness, isolation, solitude,
and potential adventure. N-CAs positively impact the active-
use areas (AUAS) by contributing to the character of AUAs,
by serving as an outdoor classroom for nature study or an
outdoor laboratory for scientific research, and by providing
the tranquil environment that many park users seek. Staff
can, and should, provide the public with opportunities to
experience a park’s natural areas and conservation areas.
Carefully designed trails—including those for walking, jog-
ging, and horseback riding—can penetrate the N-CAs.
Observation platforms, study blinds, food and cover plots,
and feeding stations can facilitate a safe and enjoyable inter-
action between people and wildlife. In turn, AUAs can
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positively impact N-CAs by providing a broad constituency
of park users who can be called upon to support the depart-
ment politically when alternative land-use proposals, orig-
inating in other County agencies, threaten a park’s integrity.

Natural Resources Management Program

In support of MCP’s mission, and to complement and
balance existing departmental programs in planning, engi-
neering, and design, we propose the creation of a natural
resources management program with goals to:

® Restore, preserve, and manage natural resources in

regional and stream valley parks. Efforts should be
made to maintain a diversity of plant communities
typical of Maryland’s Piedmont, and viable, diverse,
native animal populations characteristic of existing
or created habitats.

® Manage natural resources in such a way as to provide

an attractive, safe, and natural environment for the
park user.
In order to achieve these goals, it will be necessary to
systematically collect and compile natural resources data in
each regional and stream valley park. Specifically this will
require staff to:

® determine the location and extent of discernable

natural communities,

® map all areas in each regional and stream valley park

according to natural community type,

® identify specific plant community characteristics for

each natural community unit including plant com-
munity structure (physiognomy) and plant species
composition and abundance (floristics), and

® inventory animal species associated with each plant

community unit.

Geologic, soils, and topographic maps; aerial photo-
graphs; knowledge of past land-use; and plant and animal
species inventory data can be interpreted to create a natural
resources concept plan for each park. While creating a plan,
staff should be looking for answers to the following ques-
tions: “What are the sensitive ecological areas (e.g., wet-
lands) that must be protected?” and “What sites must be
avoided during development in order to protect rare and
endangered species?” When completed, a natural resources
concept plan should illustrate staff’s objectives for the res-
toration, preservation, and management of a park’s natural
resources, and provide the information needed to select the
best N-CAs during the master planning process.

Building a Park Master Plan

Each regional and stream valley park represents a major
public investment that affects the quality of human life,
adjacent land values, and the survival of native plant and
animal species within its sphere of influence. Within the
context of this expanded role, the significance of the master
planning process becomes clear. To be successful, the pro-
cess must incorporate: (1) knowledge of Montgomery Coun-

ty’s natural communities, and rare and endangered species;
(2) relevant ecological issues; (3) aesthetic and recreational
values; (4) design and engineering constraints; (5) public
health and safety issues; and (6) adjacent land-use consid-
erations. In addition, citizens should be given opportunities
to participate actively in the planning of their parks.

During the master planning process, a park’s natural
resources concept plan should be compared to its recreation
concept plan. (Concurrent with the preparation of the for-
mer plan, staff should develop a recreation concept plan.
This plan should include a justification, conceptual design,
and discussion of engineering constraints for each recre-
ational facility that is proposed. ) Trade-offs in natural resource
and recreation values should be discussed within the context
of any design and/or engineering constraints, and final details
of the 66/33 ratio negotiated. A series of overlays—includ-
ing bedrock, soils, topography, hydrology, natural com-
munities, vegetation, known locations of rare and endan-
gered species, existing development, historical sites, and
adjacent land-use—should be assembled to facilitate deci-
sion-making. The end product of this process will be a viable
park master plan that guarantees quality N-CAs as well as
quality AUAs. Following review by senior management
staff, and a period for public comment, the plan can be sent
to the Montgomery County Planning Board for final
endorsement.

Criteria for Calculating AUAs

Recently, staff has expressed concern about the impacts
of AUAs—in particular recreational activities, trail corri-
dors, and large forest openings—on N-CAs. These concerns
have arisen along with an understanding that there will
always be impacts associated with AUAs that go far beyond
actual site dimensions. However, because it cannot be assumed
that we can quantify, or even recognize, all of the variables
contributing to off-site impacts, the delineation of impact
zones beyond actual site dimensions is subjective, and there-
fore must be considered a policy issue.

In order to standardize the calculation of the 66/33
ratio, we propose that the following formula be used to
determine a park’s 33% AUA:

AUA = (park acreage — wetland acreage) x 0.333

where:

Wetland acreage = total acres of naturally occurring
wetlands (e.g., springs, intermit-
tent and perennial streams, creeks,
marshes, swamps).

Given knowledge of the effects of recreational activities and
forest fragmentation on natural resources (see the BACK-
GROUND), we also propose the following rules for impact
zones to be included in AUAS:

1. Apply a constant impact width of 20 feet (6.1 m),

10 feet (3.0 m) on either side of center, to all trails,
and
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2. Apply a constant impact width of 50 feet (15.2 m)
from the mowed or maintained edge of all other
AUAs.
A park’s boundary should not be considered as an impact
zone.

CONCLUSION

Rogers (1931) wrote “With small though significant
beginnings behind them, but with a very ambitious program
and the power to attain that program ahead of them, the
Maryland-National Capital Park and Planning Commission
. . . facels] the future with the determination to develop a
park system equal to the finest in the country.” It was the
vision, hard work, and dedication of Rogers and many other
men and women through the years that have resulted in the
Montgomery County Park System today. We hope that the
planning and management process proposed herein will
facilitate staff’s efforts to attain the right balance between
recreational development and natural resources preservation
in regional and stream valley parks. Our success in this
endeavor will no doubt be judged by generations yet to
come.
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INTRODUCTION

When Prince John signed the Magna Carta (at the
point of a sword, according to legend), he established the
central premise of land use in English speaking countries for
centuries to come. That document recognized that land was
a commodity, and as such could be controlled, disposed of,
inherited, traded, sold, and bought just like any other pri-
vately held property. This concept of land as private prop-
erty, protected by law, was and is central to land use issues
in the United States. Under this concept, the protection of
private property is within the police power of the state and
as such is delegated to counties and municipalities, in most
cases (Dawson 1982).

Because of the variable nature of local government in
the United States, local land use planning has tended to be
highly variable. Until the early part of this century, there
were few uniform rules and methodologies. However, since
then the use of zoning has become a major tool of local
governments, especially county governments. The types of
zoning and the uses of zoning have become highly complex,
to say the least (Babcock 1966, Abrams 1978, Smith 1983,
Babcock and Siemon 1985), but the basic concept of local
government protecting land from incompatible uses on
adjoining land is more or less standard throughout the coun-
try.

Generally, zoning is viewed as the enactment of ordi-
nances by local government to designate areas for certain
uses, activities, architectural styles, building heights, hous-
ing densities, etc. The types and extent of zoning change
yearly, and the applications of zoning ordinances are just as
complex (Gailey 1985). This seeming lack of uniformity
prompted the Presidential Commission on Housing (1982)
to recommend a national zoning law that would, in essence,
deregulate zoning of private property. Additionally, Delogu
(1982), in a widely cited paper, called for the complete
deregulation of land use.

We believe that local control of land use can be effec-
tively utilized and that deregulation would likely result in
poor management of natural resources, especially wildlife.
In Colorado, we have made effective use of local ordinances
and land use regulations. Zoning rules, in particular, are
amenable to the protection of wildlife habitat and the devel-
opment of broad areas in and near urban centers.

The critical element in our program is that it is imple-
mented at the local level through and by local government
or citizen groups. We believe that programs such as ours
depend upon the concept of local control of land use for
success. Programs designed at and directed from the state or
federal level have not been successful, in our opinion, because
they fail to recognize the very basic nature of private property
in American political life. We believe that programs of land
use control, even if fairly radical in nature, will succeed if
they are viewed as local programs, administered by people
living close to the land. For example, Weld, Saguache, and
Baca Counties are all very rural, agricultural counties in
Colorado. All have implemented local soil conservation
programs that prohibit, in some cases, the plowing of fragile
grasslands. Despite the seemingly controversial nature of
these ordinances, none have been seriously tested in the
several years they have been in place because, local author-
ities believe, the rules are designed and directed by local
residents. Similar programs directed at the conservation of
natural resources, such as wildlife, probably will succeed if
they remain under the jurisdiction of local government.

METHODS

There are 674 species of terrestrial vertebrates in Col-
orado (Chase et al. 1982, Bissell 1982, Hammerson and
Langlois 1981) that are used as the basis for the development
of site specific species lists (Bissell and Graul 1981). These
lists are used to designate 15 to 20 species as the basis for
local planning efforts. These species generally fall into sev-

Integrating Man and Nature in the Metropolitan Environment. Proc. Natl. Symp. on Urban Wildl., Chevy Chase, Md., 4-7 November 1986, L.W. Adams and
D.L. Leedy, eds. Published by Natl. Inst. for Urban Wildl., 10921 Trotting Ridge Way, Columbia, MD 21044, 1987.



38 Proc. Natl. Symp. on Urban Wildl., 1987

eral categories that have different selection criteria. Eco-
nomically important species, such as big game, are nearly
always used as they are of importance to the local community
and the state. Species with restricted distributions or highly
specific habitat requirements are selected because they serve
as barometers of restricted habitat types. Threatened or
endangered species are used to meet legal requirements. The
overriding consideration is that there must be adequate
information available to positively describe the occurrence
of the species in the county. For the purpose of this proce-
dure, we make no assumptions or extrapolations concerning
the species, but only consider primary data.

Local concerns may not only involve what animals are
present, but their distributions as well. The goal of the
Colorado Division of Wildlife (CDW) is to provide specific
information about the distribution of species present in a
county. Distribution maps are prepared by CDW personnel
with the cooperation of biologists from other agencies. These
maps depict the distribution for those wildlife species selected
in the county. A distribution map for a particular species
will show its seasonal needs and specific use areas. For
example, the map for elk in Teller County (Fig. 1) shows
their overall distribution, winter range, winter concentra-
tion areas, and severe winter range. Other areas that also
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Fig. 1. The distribution of elk (Cervus elaphus) in Teller County, Colo-
rado. The entire county, except for the areas labeled “out” is within the
overall distribution.

can be mapped for elk include calving areas, highway cross-
ings, and migration routes.

This information is mapped by CDW personnel on
overlays to the United States Geological Survey Topo-
graphic Quadrangle Series of maps (1:24,000), or its sister
series, the county format series (1:50,000). Some mapping
is done using standard basemaps of the U.S. Forest Service
and the U.S. Bureau of Land Management Public Lands
Series (1:126,720). Division of Wildlife personnel convert
the wildlife distribution maps to a computerized format using
a Geographic Information System. This enables us to repro-
duce all the species distribution maps for one county to a
common scale, as specified by the county.

To accompany the computer plotted maps, tabular
summaries are available giving: (1) the area in square miles
for each identified habitat feature (for example, there are
148 square miles (383.6 sq. km.) of elk winter range in
Teller County); (2) base population estimates; and (3) esti-
mated density (number of animals/square mile).

Agquatic resources in the county are identified by map-
ping all waters that support fisheries. Initial identification
is done by searching compilations of CDW aquatic survey
data. The resulting lists of waters are reviewed for accuracy
by CDW field personnel. Relative fisheries values are assigned
to each water. A summary is completed for the county,
identifying waters of high, moderate, and low fisheries val-
ues. One of the final steps is mapping the relative fisheries
values of rivers, streams, lakes, and reservoirs on a county-
wide basis. Waters with no fisheries value are omitted from
the map.

Another piece of wildlife information provided to
counties is the Wildlife Habitat Composite Map. This com-
posite map is produced by “stacking” the individual species
maps and calculating the cumulative value of overlap areas.
The composite map summarizes the wildlife information in
a subjective, yet easily understood format. Personnel from
the CDW review the composited information and evaluate
the potential for low, moderate, or high impact to wildlife
habitat based on projected land use changes. For each county,
the composite map shows the three zones of potential impact
to wildlife habitat (Fig. 2).

The composite map enables a county to establish review
procedures that address potential land use changes within
the identified three impact zones. The composite map is
often the only wildlife map used by the counties and devel-
opers in order to determine if potential benefits or conflicts
regarding wildlife exist.

To aid in using the composite map, a worksheet is
available for each county that shows specific wildlife species
and the projected impact to each species. The worksheet
generally is used for a proposed project located in the mod-
erate or high potential impact zones. The worksheet is
intended to be filled out by the planner and/or proponent
of the project using a county base map and the individual
species maps (Fig. 1). The proposed location of the devel-
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Fig. 2. The composite distribution of terrestrial wildlife in Teller County,
Colorado, evaluated for high and moderate potential for impact to wildlife.
The unstippled area is, by default, low potential for impact.

opment or land use change is drawn on a county base map.
The base map is then overlaid on each of the individual
species distribution maps. Areas of overlap of the develop-
ment area and species distribution are then noted on the
worksheet.

The worksheet provides the planner and project pro-
ponent a direct cause and effect perspective on the impacts
of any proposed action. The worksheet also is a good method
to initiate contact between planners, project proponents,
and CDW personnel in order to discuss potential impacts
and alternative approaches to lessen or eliminate the impacts.

APPLICATIONS
Teller County

Teller County is immediately adjacent to Colorado
Springs and has experienced accelerated growth in recent
years. It has become a non-industrialized suburb of Colorado
Springs, with most of the private property becoming sub-
divided for single-family dwellings.

The three zones of potential impact have been used as
the basis for a natural resource zoning ordinance in Teller
County (Fig. 2). The ordinance requires that proponents
who wish to undertake a project in the zone of high potential

impact to wildlife file a conservation plan, as well as the
project proposal, with the County Planning Commission.
The conservation plan must address the impacts to wildlife,
as identified on the species maps provided by the CDW.
The proponent is encouraged to work with the Division in
the development of this plan. The plan must, in some cases,
include remedial measures to be implemented by the pro-
ponent and must be reviewed by the Division before sub-
mittal to the Planning Commission.

If a proposed project is in the zone of moderate potential
for impact, the proponent must consult with the Division
of Wildlife before submitting a proposal to the County
Planning Commission. Projects in this area usually do not
require design modification, but are mitigated by minor
adjustments. Projects in the area of low potential for impact
do not require any special measures by the proponent.

This natural resource zoning ordinance was designed
by local government with consultation from the Division of
Wildlife, but it was written entirely for local political real-
ities. It has the same authority as any other zoning ordinance
and would require formal action by the Board of County
Commissioners to be bypassed, modified, or repealed. One
aspect of the ordinance is that the species maps are a part
of the ordinance and must, by law, be updated periodically.

Evergreen Planning District

The Evergreen area of Jefferson County, Colorado, is
a highly developed mountain suburb of greater Denver.
Development pressure is intense and development has pro-
ceeded without a great deal of consideration for wildlife
resources. However, wildlife values have remained high due
to undeveloped private lands, state and local public parks,
and extensive U.S. Forest Service lands nearby. In recent
years, the accelerated growth has threatened natural resources
and created serious conflicts between development propo-
nents, local residents, and management agencies. In 1984,
the Jefferson County Board of County Commissioners
appointed a Citizens Advisory Group, consisting of local
residents, to review the developmental patterns and make
recommendations to the Board for zoning rules within the
planning district.

The group was given guidance and assistance by the
county planning staff. A study area was agreed upon and
mapped, basically representing the middle third of the
mountainous portion of the county. Several major goals
were identified before the group began its data collection.
They met weekly, with subcommittees meeting almost as
often to explore details of the group’s designated areas of
concern. They asked representatives of all the government
agencies, homeowners’ groups, and other significant inter-
ests to come and discuss their concerns, procedures, and
roles in the land use process. Members of the group also set
up “listening posts” for citizen input. Wildlife resources were
repeatedly mentioned as amenities to the standard of living
in the Evergreen area.
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An ongoing part of the group’s work was to map a
number of important land uses and constraining or influ-
encing factors. These included:

® geologic problem areas
water districts, plus well permit information
existing parks (federal, city, and county ownership)
schools
impact potential for elk, deer, turkeys, and raptors
significant vegetation types (meadow, riparian wet-
land, and mountain shrub)

® fire hazard ratings

® current zoning

These maps were composited to identify major areas
where development constraints existed. The group dis-
cussed, revised, and consolidated what the public told them
and drafted a document outlining guidelines for develop-
ment within the study area that they felt would address
everyone’s concerns. The document then underwent final
public review with a formal public hearing before the County
Commissioners.

To really appreciate the results, it is necessary to under-
stand the difficulty in obtaining gains for wildlife in a rapidly
developing, mostly urban, Front Range county. Much of
the best wildlife habitat also is the most developable land.
The community advisory group mapped density zones with
lot size limitations in accordance with potential for wildlife
impact. Some wildlife areas were recommended for no
development. Although the plan is not yet approved, these
recommendations are being considered by the county. It is
certainly safe to say that the heavily developing portions of
the study area will stay that way. Density reductions and
protection of the most important habitat areas will require
a major commitment by the county as requested by the
county’s residents.

An important part of the community advisory process
is the ability to get significant community values considered
in policy decisions. Because wildlife was shown to be an
important “amenity” to a good portion of residents, the
CDW was not alone in expressing the importance of making
the most of wildlife habitat. One result of mountain devel-
opment is often deleterious impacts to wildlife, and com-
munity support is critical in influencing ongoing policy.

This process is not without its drawbacks. It is expen-
sive and requires staff commitment from the County Plan-
ning Office to keep it moving toward completion. The
Evergreen group started out with a 6-month time frame—
and ended up taking 15 months. It takes enormous com-
mitment from the group members in terms of time and effort.
It requires continual attention to the goal of avoiding con-
flict among the different interests represented within the
group. Finally, as a local political issue, there is always the
possibility it will further divide already polarized local inter-
ests.

If the County Commissioners adopt this plan as it is
written, wildlife will gain through lower residential density

and, possibly, protection of habitat and integrity of major
movement corridors. It would certainly be an improvement
over the current consideration given to wildlife in this area.
This process resulted in three very important benefits. It
provided: (1) the setting for positive community interaction
with the CDW; (2) an opportunity for CDW personnel to
present wildlife information to the public; and (3) an oppor-
tunity for the public to voice their concerns and support for

wildlife.

Barr Lake State Park

The eastern portion of Adams County is dominated by
the South Platte River and is essentially a highly urbanized
portion of Denver. Barr Lake State Park is directly within
this corridor and is becoming rapidly surrounded by urban
sprawl. Lovell et al. (1986) described the history and recent
biology of the park. The park is designated for low impact
outdoor recreation with wildlife as the primary resource.
There is a large heronry in the park occupied by great blue
herons (Ardea herodias), snowy egrets (Egretta thula), cattle
egrets (Bubulcus ibis), and double-crested cormorants (Phal-
acrocorax auritus). The park is a nationally recognized bird
watching site and has more than 300 species recorded within
the park boundaries.

In order to fully develop the wildlife resource within
the park and to protect the wildlife-oriented recreation, the
Division of Wildlife believes that it is necessary to influence
land use decisions adjacent to the park. Adams County
Planning Department, working with data from the Division
of Wildlife, has used the three-tiered zones of potential
impact to designate open space corridors in eastern Adams
County. The area around Barr Lake State Park was mapped
as high potential for impact to wildlife.

A proposal for a Planned Unit Development mobile
home park to be located just south of Barr Lake State Park
was submitted to the county. The design called for construc-
tion of a high-density mobile home community throughout
an entire square mile section south of the park. Because the
area was mapped as high potential impact to wildlife and
the proposed project was situated so close to Barr Lake State
Park, both the Colorado Division of Parks and Outdoor
Recreation, and the CDW were asked to comment. With
input from both agencies and with the support of the Adams
County Planning Department and County Commissioners,
the density of the development was reduced and construc-
tion was limited to the southern half of the section. The
northern half was dedicated as open space, which created a
half-mile (0.8 km) buffer zone between the development
and the park.

Additionally, because of the location, an on-site sew-
age treatment plant was proposed by the developer. The
proposal originally called for discharge of secondary effluent
into a canal that runs adjacent to Barr Lake for approxi-
mately 4 miles (6.4 km) before exiting the park to the east.
Effluent seepage into the lake was believed possible, which



USE OF ZONING ORDINANCES * Bissell et al. 41

would accelerate an existing problem with eutrophication.
Based upon advice from the Division of Parks and Outdoor
Recreation, and the CDW, the developer is restricted to a
non-discharging system and has yet to be granted a site
permit from the Colorado Department of Health.

The CDW and the Division of Parks and Qutdoor
Recreation also are working with the developer through the
Adams County Planning Department to improve the des-
ignated open space in order to provide better recreational
opportunities to potential residents. The developer and Adams
County have been advised by the Division of Parks and
Qutdoor Recreation that Barr Lake State Park is a day-use
area with minimal recreational facilities, and that the park
focuses on minimal impact recreation. Because of this, des-
ignated open space within the development area must pro-
vide recreational facilities for the residents, and the devel-
opers should not depend on Barr Lake State Park to supply
these needs.

DISCUSSION

Much of the literature available concerning urban wild-
life management is directed at species management or the
management of small areas for specific reasons (see Noyes
and Progulske 1974, for some excellent examples). In addi-
tion to those concerns, we have developed a methodology
that allows for the effective management of wildlife resources
over wide areas of privately held property, and for programs
that have been described by Graul and Miller (1984) as
“Ecosystem Management.” The primary tool we have used
is the authority of local government through the zoning
ordinance.

We agree with Whyte (1959) that zoning is not a
universally applicable technique and should not be viewed
as a substitute for management programs, such as conser-
vation easements or habitat acquisition. Rather, zoning is
a function of local government and should express local
concerns. Wildlife resources should not be viewed as
obstructions to development, but as local amenities that
may enhance or modify development. The critical element
is that zoning or any rule or regulation of local government
must be used within the context of local politics. Manage-
ment agencies, be they state or federal, must assume the
role of technical advisors to local government, which is a
departure from the traditional role of regulatory agencies.

Delogu (1982) suggested that the deregulation of local
controls of land use will allow the free market to operate
and that economic controls alone will be sufficient to ensure
adequate consideration of natural resources. We strongly
disagree with that conclusion. Growth in urban areas will
continue along economic patterns without any real envi-
ronmental awareness unless it is mitigated by long-range,
ecologically-sound planning.

The Presidential Commission on Housing (1982) called
for a national zoning act that would establish standards along

very narrow lines. We believe that this approach misses the
point of local control of land use. People who live on the
land are best able to determine proper use of the land.
National standards cannot reflect local desires and condi-
tions, either ecological or political, and seem to naively
ignore the history of land use in America.

In addition to the above examples, we have effectively
used the method outlined in this paper elsewhere in Colo-
rado with some success. In our opinion, the basic necessary
element is the close involvement of local government, cit-
izens, and Division of Wildlife personnel. Programs origi-
nated at the state or federal level have not, in our opinion,
been as successful in the protection of wildlife resources on
private property or the full development of wildlife habitat
in areas subject to more direct control.
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St. Louis Vegetative Cover Study

DAvID L. TYLKA, Missouri Department of Conservation, 1221 S. Brentwood Blvd., St. Louis, MO 63117

ELIZABETH A. COOK, Illinois Natural History Survey, 607 E. Peabody, Champaign, IL. 61820

INTRODUCTION

Urban people enjoy wildlife. Ninety-three percent of
the urbanites in the three major metropolitan areas of Mis-
souri (St. Louis, Kansas City, and Springheld areas) view
urban wildlife around their homes as “enjoyable” rather than
“annoying.” Approximately half of the people who live in
the St. Louis area feed and watch birds, and 26% of this
area’s population photograph wild animals and plants (Wit-
ter et al. 1981).

The abundance and diversity of wildlife in an urban
area are dependent upon the relative amount of wildlife
habitat in the urban environment. Of the various compo-
nents of urban wildlife habitat, vegetation and water are
the most essential, as well as the most manageable (Leedy
et al. 1978). The amount, diversity, and distribution of
vegetation are major factors affecting the distribution and
abundance of wild animals. Plants not only furnish food,
but they also provide cover from the weather, protection
from predators, and breeding and nesting sites. Therefore,
vegetative management is the basic key to urban wildlife
management.

Urban vegetation is not only important as wildlife
habitat; it constitutes varying degrees of natural open spaces.
The plants of these urban open spaces furnish biotic diver-
sity; they also filter particulates and gases out of the air,
reduce soil erosion, stabilize streambanks, increase sur-
rounding property values, ameliorate temperature extremes,
furnish relief from visual and noise pollution, and offer
urbanites places for various forms of recreation.

To assess the status of urban wildlife habitat types and
to document the number of different categories of urban
open space, the Missouri Department of Conservation com-
pleted a vegetative cover study of St. Louis City and County
in March, 1985.

STUDY AREA BACKGROUND

Located just below the confluence of the Mississippi
and Missouri Rivers, the St. Louis City and County govern-
ments were officially recognized around 1810. In 1876, St.
Louis City voted to separate itself from the 524 square miles
(135, 716 ha) of St. Louis County and establish its present
day boundary, which encompasses an area of 66 square miles
(17,094 ha). Thus, St. Louis City chose to limit future city
expansion and, as a result, 90 self-governing municipalities
have now been incorporated in St. Louis County. These
municipalities take up over two-fifths of the county land
area and make up two-thirds of the county population (St.
Louis County Dep. of Planning 1986).

The City of St. Louis grew from a population of about
a thousand around 1800 to 310,854 by 1870, and to a high
of 856,706 in 1950. Since around 1950, however, the pop-
ulation of St. Louis City has decreased significantly, with
the 1980 census at 452,801. The population of St. Louis
County rose from 40,325 in 1870 to 974,180 in 1980. The
St. Louis Metropolitan Statistical Area (MSA) had a pop-
ulation of 2,354,378 in 1980 and is the twelfth largest MSA
in the nation (St. Louis Courity Dep. of Planning 1986).

As late as 1954, most of the St. Louis Region’s urban
mass was contained in a relatively compact, high-density
pattern in close proximity to St. Louis City. Between 1954
and 1975, however, there was a trend toward dispersion,
correlating with a relatively large amount of highway con-
struction and mortgage financing readily available at low
interest rates. The demand for single-family residences on
large lots, the abundant supply of low-cost gasoline for
commuting, and the relocation of business and industry
away from the St. Louis City core area all contributed to
population dispersal and a decrease in development inten-
sity. Industrial development outside the core area has gen-
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erally tended to occur within industrial parks located along
major thoroughfares near major intersections. Commercial
development has occurred in central business districts of
cities, in strips along major corridors, and in shopping cen-
ters. Although commercial and industrial land uses are sig-
nificant (26% in St. Louis City and 11% in St. Louis County),
residential land is the largest of all developed land use
categories, 47% in St. Louis City and 58% in St. Louis
County (East-West Gateway Coordinating Council Staff
1977).

St. Louis City and County have over one hundred miles
(161 km) of the Missouri, Mississippi, and Meramec Rivers
flowing along their boundaries. Although floodplain acreage
figures are unavailable, with this many miles of river sur-
rounding the area, relatively flat floodplains make up a
substantial portion of the City and County. Most of St.
Louis City has a generally flat topography with slopes below
10% (St. Louis County Dep. of Planning 1973). The major
portion of St. Louis County has slopes below 16%. Approx-
imately the western fifth of St. Louis County has steep slopes
of over 16% (East-West Gateway Coordinating Council
Staff 1977). Thus, the topography of this area lends itself
to development.

METHODS

Landsat Thematic Mapper (TM) satellite data in com-
puter compatible digital format were used to interpret veg-
etative cover and inferred land use for the study area in St.
Louis. TM data’s 30 by 30 meters resolution is appropriate
for analysis of the urban landscape. A 29 August 1982 TM
scene was primarily selected because it was a cloud-free day
during the growing season.

Processing digital satellite data into usable information
requires several steps. Initially, the data were geographically
referenced to the Universal Transverse Mercator map coor-
dinate system via the selection of known-location ground
control points. Georeferenced satellite data can be overlaid
with other computer-stored map information and with out-
put in representative map scales using computer graphics.

Unsupervised classification techniques applied to the
data identified 79 spectrally-distinct classes. The theory
behind unsupervised classifying is that the researcher does
not “predefine” the classification scheme by selecting train-
ing fields, but rather the computer algorithm clusters the
data according to their unique spectral characteristics. Loca-
tions of the spectral classes were studied on aerial photog-
raphy and in the field in order to group and identify them
as 16 significant land cover classes. During interpretation,
the study area was divided into two subareas based on degree
of urbanizaton. The stratification was implemented to avoid
classification errors due to similar vegetative cover having
different land use. For example, cemeteries and golf courses
are sometimes not spectrally separable from pasture and
hayland, although land use can be inferred from urbaniza-

tion and location in the country. After a classification scheme
was finalized, subareas were merged.

To facilitate public usage, the 16 land cover classes
were aggregated into six general land cover classes, with
special attention given to types of vegetative cover. Bound-
aries of selected municipalities, regions, watersheds, public
lands, and significant urban transportation corridors were
digitized from existing map sources. These boundaries were
overlaid with the classified TM data to produce area land
cover statistics and graphics.

RESULTS

The six general land cover classes aggregated were (1)
developed land, (2) successional fields (with greater than
one-third canopy closure), (3) agricultural land, (4) mod-
erate to dense forestland with understory vegetation, (5)
water, consisting specifically of open water, flowing and
impounded water, and wetlands, and (6) manicured green
space.

Manicured green spaces were discernible only within a
core area of St. Louis City and County (an area within the
Interstate 270 Highway Loop). These manicured green spaces
were mowed and maintained grassy areas such as cemeteries
and golf courses. Two specific categories of manicured green
space were separable—those areas with less than one-third
canopy cover and those areas with more.

Developed land was subclassified as primary residential,
secondary residential, impervious surfaces, barren land,
intensive urban land, and extensive urban land. The pri-
mary residential subclass was relatively new residential land
with young, sparse vegetation and less than one-third can-
opy closure. Secondary residential was older and had over
one-third canopy closure. Impervious surfaces were primar-
ily asphalt and concrete areas, such as parking lots and large
concrete buildings. Quarries and similar land uses made up
the barren land subclass. Intensive urban land was typically
a mixture of residential and commercial lands with imper-
vious surfaces common. Extensive urban land was generally
a low-intensity mixture of residential and commercial lands.

The agricultural class included row crops, pasture and
idle cropland, and bare soil such as tilled lands.

The total study area of St. Louis City and County
comprised 366,748 acres (148,533 ha) (Table 1).

Subunits of the study area were defined, and vegetative
cover types, percentages, and areas were calculated for these
subunits. St. Louis City and County was first divided into
six smaller regions by using major transportation corridors.
Each region generally ranged in size from about 52,000 acres
(21,000 ha) to about 86,000 acres (34,800 ha), except for
a small region in the southern tip of St. Louis County that
was only about 20,000 acres (8,100 ha). As one might
expect, regions close to the central core area were highly
developed (about 64—69%) and had relatively small amounts
of forestland (about 4-7%). Regions farthest away from the
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Table 1. Land cover classification for St. Louis City and County, Mis-
souri, 1982.

Composition Size
Cover type {%) (acres)
Developed land 37.0 136,010
Successional fields 4.6 16,997
Agricultural land 28.8 105,759
Forestland 19.2 70,583
Water 2.9 10,466
Manicured green space® 1.3 26,933
Total 99.8 366,748

aManicured green space was a cover type discernible only within the Interstate 270 Highway
Loop Core Area.

core area in the western portion of St. Louis County, where
the topography is steeper, had only about 10-14% of devel-
oped land but about 30-45% forestland.

Data also were collected on 27 municipalities in the
study area that occupied the largest areas. Developed land
in these selected municipalities ranged from a low of 15.6%
in Valley Park to a high of 81.2% in Overland. Forestland
ranged from 0.9% in St. Louis City to 32.7% in Valley Park
and 31% in Ladue.

Lastly, data on eight large conservation areas or parks,
ranging from about 300 acres (120 ha) to about 2,400 acres
(970 ha), were tabulated. These tracts varied from St. Louis
City’s Forest Park, located in a highly urbanized area, to
Rockwoods Range Conservation Area, located in a forested
and hilly portion of St. Louis County. Forest Park contained
43.7% developed land, 44.4% manicured green space, and
only 5.8% forestland. Rockwoods Range Conservation Area
had only 0.1% developed and 98.1% forestland.

DISCUSSION

Through personal experience and events reported by
the news media, most ur})an people can make generalizations
about the effects of urbanization upon the land. However,
quantifying changes taking place in the urban environment
and specifically locating these changes are measures lacking
in most urbanized areas. Without this specific information,
most urban land management decisions and environmental
quality considerations are being made primarily on gener-
alizations about the urban landscape. Dorney (1974) stated,
“We are too often left with environmental quality ‘moth-
erhood’ statements, defensively trying to protect remnant
ecosystems (albeit important) and winning a skirmish here
and there, but essentially being overwhelmed by sophisti-
cated information systems generated by other professionals
from their specific viewpoints.” The St. Louis Vegetative
Cover Study provides a more sophisticated environmental
information system that can be utilized not only by land
managers and administrators, but also by conservation orga-
nizations and individuals.

Many of these urban land management decisions affect
the quality of life for urban dwellers. Decisions about park-

land management, natural open space acquisition, and
maintenance of common grounds affect the lives of urban-
ites. When officials make decisions, more attention needs
to be paid to urbanites’ enjoyment of nature. According to
a study by Shaw and Mangun (1984), 54% of the population
of the United States (89 million people) enjoyed wildlife in
residential settings, with most of these people observing,
identifying, photographing, or feeding wildlife within a radius
of 1 mile (1.6 km) from home. It also was revealed in this
report that woodlands were the habitats most frequently
used by these people. lan Laurie (1979) stated, “Existing
and future open spaces must be assessed in terms of their
‘natural potential’ (i.e. the recognition of an optimum level
of natural form and character in relation to man’s needs)
and all new development must contain the opportunity for
daily contact with nature for those who will use it.” Appar-
ently, the nature and pressures of urban living emphasize
the need for natural open space and the recreational oppot-
tunities associated with these natural habitats.

People in St. Louis are utilizing the St. Louis Vegeta-
tive Cover Study to assist them in making parkland man-
agement decisions. A proposition to develop about 10 acres
(4 ha) of forestland and manicured green space in Forest
Park, St. Louis City, was denied. Proponents to keep this
area of the park undeveloped pointed out that because Forest
Park contained only 79.2 acres (32.1 ha) of woodland and
because St. Louis City contained only 412 acres (166.9 ha)
of woodlands, the loss of even 5 or 10 acres of woodlands
would be unacceptable.

Municipal officials in Bridgeton, Ellisville, and Kirk-
wood have used the St. Louis Vegetative Cover Study to
help justify the acquisition of natural open spaces in their
cities. These open spaces are used not only for recreation,
but they also offer opportunities for environmental educa-
tion. Many urbanites have been removed or separated from
the land by a generation or two. Natural open spaces present
areas where the public (especially children) can develop a
greater understanding of natural processes and life forms
that exist in these natural vestiges. Acquiring and conserv-
ing these natural open spaces add to the ecological stability
of the area and offer aesthetic benefits to nearby residents.
Acquisition and conservation of these areas also have eco-
nomic returns, such as increased property values to sur-
rounding landowners and the possibility of attracting com-
patible development.

Not all of the usage of this study has been successful.
It was used to try to convince (unsuccessfully to date) the
regional agency for stormwater control to adopt a more
natural approach to urban stormwater management. As urban
stormwater control agencies develop a more holistic watershed
approach to stormwater management, prospects of utilizing
this vegetative cover study will increase.

Municipal officials have used the St. Louis Vegetative
Cover Study to help justify stringent street tree ordinances
and ordinances requiring businesses to make landscape
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plantings and to use vegetative screenings when adjacent to
residential areas. These ordinances affect the quality of life
now and also in the future. Individuals who value natural
vegetation around their residences or potential residences
have referred to the St. Louis Vegetative Cover Study to
see how much vegetative open space exists in different
communities where they are considering relocation.

POSSIBLE FUTURE APPLICATIONS

The St. Louis Vegetative Cover Study is one of the
first urban applications of TM satellite data. Plans to utilize
this system and conduct a similar study in Kansas City,
Missouri, are underway. Besides being a pilot urban pro-
gram, this study will become a benchmark for comparative
studies that can document future changes and trends in
vegetative cover.

This information could be used to assess the 1982 status
of urban wildlife habitats and to generate lists of wildlife
that could potentially use the habitats found in the study
area. These data also could facilitate future studies on par-
ticular urban wildlife species. The St. Louis Vegetative
Cover Study could be used to direct urbanites to sites where
there would be opportunities to observe, photograph, or
hunt (with certain restrictions) particular wildlife species.
With further analysis, the study could facilitate identifica-
tion and subsequent conservation of important wildlife cor-
ridors.

The applications of the St. Louis Vegetative Cover
Study to other disciplines are just being realized. A further
step to this study would be to integrate topography and soil
moisture indexing with vegetative cover information to
improve forecasting the chances of floods occurring in spe-
cific watersheds. Real estate companies and developers could
use the study to convince people to locate in particularly
attractive vegetated localities within the study area.

When the sciences of urban design, planning, and land
management make future advances, a holistic ecosystem
approach to future urban challenges will be developed uti-
lizing information systems such as the St. Louis Vegetative
Cover Study. Public acceptance and desirability of a more
natural approach to urban land management (such as natural

lawn ordinances) must evolve. However, fundamental value
changes in our society concerning the interaction of man
and nature will take time. The “back-to-nature” movement
is attempting to combine advanced technology and ecolog-
ical understanding with traditional life styles. The concept
of a balanced, diverse, and stable urban ecosystem will be
the goal of progressive cities of the future.
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Urban Wildlife Habitat Inventory: The Willamette River

Greenway, Portland, Oregon

MicHAEL C. Houck, Audubon Society of Portland, 5151 NW Cornell Road, Portland, OR 97210

INTRODUCTION

. . rivers and the inhabitants of the watery element

were made for wise men to contemplate, and fools to
ass by without consideration.”

P Izaak Walton

13

The Willamette River is a significant natural resource
of statewide importance in Oregon. Its 250 mile (402 km)
course takes it from the high Cascades through the fertile
Willamette Valley to its confluence with the Columbia
River in Portland. The Willamette flows through nine coun-
ties and 19 cities.

The Portland segment of the river (Fig. 1) bears little
resemblance to the shallow, braided system of sloughs, wet-
lands, and lakes that greeted the 1806 Lewis and Clark
expedition. By 1851, much of the adjacent coniferous forests
had been cleared for the newly established city and much
of the river front had already been dedicated to port activ-
ities (Audubon Society of Portland 1986).

By the 1960’s, not only had the river been transformed
physically, but its quality had been degraded to the extent
that it was a health hazard. This prompted a public effort,
led in large part by the late Governor Tom McCall, to
remedy both the pollution and natural resource issues that
plagued the river in both rural and urban locations through-
out the Willamette Valley.

Between 1967 and 1975, a statewide planning effort
was initiated to address conflicts along the Willamette. The
state legislature began the effort with an unsuccessful attempt
to promote acquisition of land. Unfortunately, by 1971 little
acquisition had taken place. In 1973, the state legislature
enacted a Greenway Statute and directed the Oregon
Department of Transportation, in cooperation with local
jurisdictions, to prepare a plan for the Willamette River
Greenway. Deficiencies in content and implementation
ultimately led Oregon’s statewide land use body, the Land
Conservation and Development Commission to establish

the WILLAMETTE RIVER GREENWAY: GOAL 15, which

is now one of Oregon’s 19 planning goals. These goals
provide the framework for planning in all cities and coun-
ties.

Goal 15 directs county and urban jurisdictions to “. . .
protect, conserve, enhance and maintain the natural, sce-
nic, historical, agricultural, economic and recreational
qualities of lands along the Willamette River as the Willa-
mette River Greenway.” It further directs that each juris-
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Fig. 1. The Willamette River and associated Greenway, Portland,
Oregon.
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diction shall conduct inventories “to determine the nature
and extent of the resources. . .” along the Greenway. Among
the 15 resources to be inventoried are: significant natural
and scenic areas, and vegetative cover; fish and wildlife
habitats; ecologically fragile areas; and acquisition areas.

Cities and counties must take these inventoried resources
into consideration when formulating their Comprehensive
Plans and designating land uses along the Greenway.

In addition to the Willamette Greenway Goal 15, there
is a Lower Willamette River Management Plan that is used
by the Division of State Lands to manage submerged and
submersible lands. Another of Oregon’s land use goals, Goal
5 ( Open Spaces, Scenic and Historic Areas, and Natural
Resources), applies on a citywide basis, including the Wil-
lamette River.

The City of Portland adopted its Willamette River
Greenway Plan in 1979 and incorporated this plan into its
Comprehensive Plan in 1980. The Greenway Plan empha-
sizes water-dependent and river-related development. All
other uses must be in keeping with the natural and scenic
qualities of lands along the Willamette River.

This paper describes a wildlife habitat inventory update,
which expands on the data available from the Fish and
Wildlife Habitat Inventory that was conducted in 1973 as
part of the Lower Willamette River Management Plan.

METHODOLOGY

The methodology for conducting this wildlife habitat
inventory has evolved over the past 5 years from similar
efforts in Washington County and the City of Beaverton.
The first attempt, in urban Washington County, simply
involved the use of large-scale maps (1:1000) with floodplain
and forest overlays. The result was qualitative descriptions
of sites that accompanied crudely drawn boundaries on plan-
ning bureau maps. Given a 2-week deadline for the work to
be completed in nine Community Planning Areas, the
information was the best that could be produced. One of
several significant flaws in the statewide land use goals is
that the jurisdictions need only use the “best information
available.” It is often the case that city and county jurisdic-
tions fail to seek any information for the inventory of sig-
nificant wetland and other wildlife habitat resources (Houck
and Rogers 1984). Unless challenged by the public, no
justification need be given for exclusion of significant natural
resources from the inventory. This is a source of ongoing
conflict in Oregon’s land use arena.

The methodology improved in quality, consistency,
and acceptance during the second inventory effort that grew
out of a land use conflict in the City of Beaverton in 1984.
City Council and the Planning Commission demanded a
quantitative approach to wildlife habitat inventory. What
resulted from this directive was a WILDLIFE HABITAT
ASSESSMENT form (Fig. 2), which was developed coop-
eratively by Portland Audubon Society, U. S. Army Corps

Wildlife Habitat Assessment
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Fig. 2. The wildlife habitat assessment form developed for the Willamette
River Greenway.

of Engineers, U. S. Fish and Wildlife Service, Oregon
Department of Fish and Wildlife, The Wetlands Conser-
vancy, and the City of Beaverton.

Wildlife Habitat Assessment Rating Sheet

The intent of a one-page rating sheet (Fig. 2) was to
provide information easily understood by the public, policy
makers, and landowners. Achieving that objective while
simultaneously producing a useful tool for assessing relative
wildlife habitat values was a challenge.

There are a multitude of techniques to a quantitative
approach to habitat descriptions. For example, King County,
Washington, has developed a detailed quantitative inven-
tory for its wetland resources. King County’s approach is
exhaustive and, consequently, produces an inventory that
will stand up to scrutiny. It also is complex, difficult for the
layman to understand, and requires substantial staff exper-
tise in natural resources.
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Our one-page format attempts a compromise among
agency representatives, planners, policy makers, landown-
ers, and the public. It achieves the objectives of addressing
wildlife needs recognized by all biologists as being critical
(FOOD, WATER, and COVER); allows for recording of
PHYSICAL and HUMAN DISTURBANCE; addresses the
concept of INTERSPERSION; and provides for UNIQUE
FEATURES (wildlife, flora, scenic, rarity of habitat type,
and educational potential). The inventory sheet is heavily
biased toward aquatic systems. We are particularly con-
cerned about riparian and wetland habitats in the Portland
metropolitan area.

The Willamette Greenway: Evolution of the
Methodology

The City of Portland decided to take a similar approach
to improving its data base for the Willamette Greenway
Update. The data from the 1973 Lower Willamette Green-
way study indicated on a percentage basis how different
reaches of the Willamette rated for mammals, birds, and
reptiles, and assigned classes of Excellent, Good, Fair, and
Poor for the habitats that were inventoried. There was no
detailed written document that accompanied this inventory.
The data were not site specific.

Building on the Beaverton experience, the Portland
Planning staff and I developed a habitat evaluation process
that included the following elements.

® Filling out a Wildlife Habitat Assessment Sheet for

each of 174 habitat sites (site boundaries were deter-
mined by natural breaks in vegetation, land use, and
other features).

® Tape recording field observations of vegetation, ani-

mals, and comments concerning the potential for
each site.

® Taking overlapping photographs (Kodachrome slides)

of the sites to ensure that the entire inventory area
had a photographic record.
® Field validating the Wildlife Habitat Assessment
Sheets on selected sites by U. S. Environmental
Protection Agency and Oregon Department of Fish
and Wildlife biologists to ensure consistency of results.

® Placing final numerical scores for all sites on a large-
scale aerial photograph and comparing all 174 final
sites to determine whether there were obvious dis-
crepancies among the data.
® Ordering the sites by scores (114 points being the
highest possible and O being the lowest possible)
and placing each site into one of five “classes” or
“ranks,” based on similarity of final scores.

® Involving major property owners in reviewing the
results and giving them an opportunity to express
concerns. The openness of the process resulted in
little dispute over the inventory methodology or
results.

RESULTS

The final product of the wildlife habitat inventory is a
section-by-section map of the entire Willamette River within
the City of Portland, with site-specific data on 174 sites.
The number of sites per “Rank” (and their score range) were
as follows:

RANK I SITES (114-91): 7

RANK II SITES (88-70): 21

RANK III SITES (68-40): 29

RANK IV SITES (39-30): 17

RANK V SITES (29-0): 100

It is not surprising that very few sites received high
ratings in a highly industrialized port city. Four of the seven
RANK I sites are in or adjacent to Oaks Bottom, a 160-acre
(64.8 ha) city park at the extreme upstream end of the study
area. The other three RANK 1 sites are located at the
extreme downstream end of the Greenway, on the south
bank, opposite intensive Port of Portland development.
They are all relatively natural in character and all contain
significant wetlands and riparian vegetation.

The 21 RANK II sites are comprised of “islands” of
more or less disturbed habitat, but retaining much of their
natural riparian character. These are spread throughout the
study area. Not surprisingly, the remaining 146 sites are
situated in the heart of the industrial district, adjacent to
Port facilities and the downtown core.

Integration into the Willamette Greenway Plan

As a result of the inventory, the Planning Bureau now
has site-specific information regarding relative significance
of 174 sites with respect to wildlife habitat. This information
will be used by planning staff and other government agencies
(Division of State Lands, Oregon Department of Fish and
Wildlife, U.S. Fish and Wildlife Service, and U.S. Envi-
ronmental Protection Agency) in reviewing land use appli-
cations along the Willamette River. It also is being consid-
ered by the Planning Bureau in the current update of existing
land use policies and regulations along the Willamette
Greenway.

Discussion Draft

These data and other inventories were considered in
the Bureau’s newly released Discussion Draft, “WILLA-
METTE GREENWAY UPDATE 1985/86” (Fig. 1). This
update reviews existing regulations along the Willamette
River with the goal of streamlining land use processes, elim-
inating ambiguity in the regulations, and improving access
to the river.

RECOMMENDATIONS AFFECTING
WILDLIFE HABITAT

Land Acquisition

Within the Planning Bureau'’s acquisition package are
several sites that were identified through the inventory as
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highly significant wildlife habitat. These included lands
adjacent to Qaks Bottom Wildlife Refuge {city park); Ross
Island (currently being mined for aggregate resources);
Hardtack Island; East Island, the riparian forest at the Har-
borton site; land necessary to construct and landscape the
Greenway trail; and “shorelines where necessary to preserve
the vegetative fringe, natural shoreline or public access to
the river.”

Greenway Trail

The 1979 Greenway Plan called for the construction
of a combined bicycle and pedestrian recreation trail system
along the Willamette River. Property owners were required
by the Plan to construct the portion of trail on their property
as development occurred.

It is noteworthy that a great deal of emphasis on
improving public access to the Willamette River appears in
the Planning Bureau’s Discussion Draft. The recommen-
dations include: expediting completion of the Greenway
trail in planned phases; development of viewpoints and view
corridors along the river; and a public awareness program
consisting of signing along the route, and brochures depict-
ing the Greenway trail and 40 Mile Loop Trail. The latter
is a 100-mile (161 km) partially completed regional trail
system originally proposed by the Olmsted brothers.

These two trail systems, when completed, will provide
public access near all of Portland’s significant habitat sites.
It should be noted that the Bureau of Parks and Recreation
is sensitive to overuse of natural areas. Feeder trails will be
designed with the resource in mind.

Land Use Development Standards

New landscaping standards are proposed for the Green-
way. Generally, lands along the river bank and upland
properties that are preserved as natural areas are subject to
more stringent landscaping standards than other lands within
the Greenway. There is an emphasis on the use of native
plants when revegetating the Greenway and preserving
existing vegetation. The percentage of native plants to be
used varies with the existing quality and quantity of wildlife
habitat. A list of native plants and their wildlife values
appears in the Background Document and will be distributed
to future land use applicants.

Setbacks

The recommendation for a 25-foot (7.6 m) minimum
setback with average setback of 35 feet (10.7 m) in which
no nonriver-dependent or nonriver-related uses may locate
without a Goal 15 exception is an improvement over the
current Greenway Plan that calls for a 25-foot setback only.

Potential

One of the shortcomings of the inventory process is
the lack of attention to a site’s POTENTIAL for restoration.

That deficiency was the one most criticized by everyone
involved in developing the rating sheet. The City of Port-
land planning staff did include a “POTENTIAL” section in
their document, “Lower Willamette River Wildlife Habitat
Inventory.” They stated that “The relative low score that
more than 100 sites received was attributable to the lack of
the three factors that appear on the inventory rating sheet:
Food, Water and Cover . . . these areas could be rehabili-
tated to provide significant wildlife habitat values.”

OTHER PLANNING EFFORTS

Portland Audubon Society has been involved in a num-
ber of other planning efforts in cooperation with the Bureaus
of Planning, and Parks and Recreation that have influenced
wildlife and recreation along the Willamette River. When
specific land use issues arise, many of our publications,
programs, and field trips are scheduled in order to inform
Portlanders about the issues.

City of Portland Goal 5 Update

As with the Willamette Greenway, the statewide land
use planning process calls for a periodic review of the other
18 goals, one of which (Goal 5) relates to natural resources.
Goal 5 also directs that an inventory be conducted on a
citywide basis to determine the location, quantity, and qual-
ity of natural resources including wetlands, wildlife habitat,
and ecologically significant areas. If there are no conflicting
uses (rare in an urban setting), the goal demands that the
resource be protected. If there are conflicting uses, the
jurisdiction must conduct an Environmental, Social, Eco-
nomic and Energy Consequences Analysis to determine
whether the site(s) will be conserved, fully developed, or
partially conserved. This process also will be applied to the
Willamette Greenway. The Willamette Greenway wildlife
habitat inventory will substitute for a Goal 5 inventory
because the procedures are nearly identical.

Oaks Bottom Management Plan

Audubon Society of Portland has prepared a manage-
ment plan for Oaks Bottom Wildlife Refuge, the most sig-
nificant site inventoried on both the original Lower Willa-
mette River study and the Willamette Greenway Update
wildlife inventory. This 160-acre (64.8 ha) City of Portland
park is managed cooperatively by Portland Audubon and
the Park Bureau. Audubon Society consults with the City
Park Bureau on all parcels of land with wildlife habitat value
and makes recommendations regarding habitat enhance-
ment, protection, and maintenance.

Portland Audubon cooperates in public education pro-
grams (hikes utilizing city parks; bicycle rides such as our
“Ride On The Wild Side” natural history series and classes)
with the Park Bureau.
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PUBLICATIONS

Portland Audubon Society publishes a monthly news-
letter, The Warbler, and a quarterly journal, The Urban
Naturalist. The latter is a publication begun in the summer
of 1982 to encourage the appreciation of Portland area urban
wildlife. The latest issue (Summer 1986) focused on the
Willamette River to coincide with our planning involve-
ment. The Urban Naturalist contains articles on both native
and nonnative wildlife and plant species and “theme issues”
such as the Columbia Slough and Willamette River.

SUMMARY

Cooperation between public agencies and private interest
groups has resulted in the most comprehensive wildlife hab-
itat inventory completed to date for a City of Portland
planning document. The ongoing Goal 5 inventory prom-
ises to be an improvement over the Greenway work. A
methodology acceptable to a broad range of interests was
developed from a format used in other Portland area juris-
dictions and applied as directed by Oregon’s statewide land
use laws. The City of Portland has, for the Willamette River,
and soon will have citywide, site-specific wildlife habitat
data on which to base decisions concerning the conserva-
tion, preservation, and enhancement of significant natural
resources.

Other actions such as neighborhood and regional park
planning, public education programs, publication of urban
natural history journals, and continued private citizen
involvement in the planning process will ensure that Izaak
Walton would have been pleased with our efforts to protect
one of Portland’s most scenic natural features.
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Sanders and Rowntree (1984) have described the chal-
lenges associated with planning and managing urban green-
spaces—areas with soil surface covered by at least some
visible vegetative cover (Powell 1982). A variety of user
groups, often with conflicting interests, compete for a lim-
ited resource. Local governments and conservation groups
are taking an increased interest in the management of green-
spaces, with wildlife conservation and management a high
priority (Syracuse Commission for the Conservation of the
Environment 1973, R. Pouyat, New York City Parks Dept.
pers. comm. May 1985). Wildlife management is a partic-
ular challenge. Although a large body of theoretical and
technical information on wildlife management techniques
exists (Giles 1978, Schemnitz 1980) there is a lack of infor-
mation on assessing the value of forested greenspaces for
wildlife (D. Urich, Missouri Dept. of Conservation, pers.
comm. October 1985). The wide variety of greenspace hab-
itats, and the diversity of former and current land uses and
people that surround them, are all factors responsible for
this observation.

Biogeographers and planners have focused on classify-
ing the range of habitats that occur within urban areas.
These classifications have viewed the urbanization process
as a relatively static process determined largely by land use.
Brady et al. (1979) developed a 12-level ecological typology
for urban areas that placed sites in urban and urbanizing
areas along a continuum from completely natural to com-
pletely cultural units based on the physical nature of land
use zones and the biota associated with them. Spirn (1984)
ranked urban habitats along a zonation of man-dominated
to uncultivated habitats. Forman and Godron (1986) iden-

'Dep. of Biology, Morehouse College, Atlanta, GA 30314.

tified discrete suburban, urban, and megalopolitan land-
scapes based on a number or landscape features. VanDruff
and Rowse (1986) considered landscape features in their
analysis of the habitat characteristics associated with the
abundance of urban mammals.

In contrast to this static view of urbanization based on
an objective method of classifying urban habitats, urban
geographers have treated urbanization as a dynamic process.
These include the concentric zone model of Park and Bur-
gess (1925), Hoyt’s (1939) sector theory of urban land use,
and Harris and Ullman’s (1945) multiple nuclei theory.
Borchert’s (1967) four technological epochs have been use-
ful in describing the form of cities based on developments
in technology and transportation. Sanders’ (1978) study of
the dynamics of urban decline used these technological
developments to understand periods of growth and decline
in several U.S. cities.

As wildlife biologists concerned with the management
of greenspaces for a number of wildlife species, we wondered
if it were possible to use species abundance data to develop
a simple system for grouping greenspaces into categories with
similar management needs. To be useful as a management
tool, the system should make sense both from an ecological
standpoint and correspond to views of the urbanization
process held by planners. We used ordination and classifi-
cation techniques to differentiate 24 greenspaces in the
Syracuse, New York metropolitan area based on the small
mammal populations found on each greenspace. This small
mammal data set is similar to the type of information plan-
ners and managers have available when planning the man-
agement of greenspaces. QOur objectives in this paper are to
identify the environmental factors that explain differences
between the greenspaces, develop a simple classification
system for greenspaces, and relate the environmental factors
and classification to measures of landscape quality and pat-
tern.

Integrating Man and Nature in the Metropolitan Environment. Proc. Natl. Symp. on Urban Wildl., Chevy Chase, Md., 4—7 November 1986, L.W. Adams and
D.L. Leedy, eds. Published by Natl. Inst. for Urban Wildl., 10921 Trotting Ridge Way, Columbia, MD 21044, 1987.
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METHODS

We used data from studies of 24 greenspaces in the
Syracuse area. Rowse (1980) and Powell (1982) studied the
small mammal populations of 21 greenspaces in Syracuse.
Mathews (1982) studied the small mammal communities of
three wooded areas in suburban and rural Onondaga County,
surrounding Syracuse (Fig. 1). We pooled these data and
selected for further study the 11 species most likely to be
captured in Museum Special traps (Nilon 1986). Relative
abundance (total captures of a species + total small mammal

captures) was used as an index of species abundance (Table
1).

Ordination and Classification of Small Mammal
Data

Ordination is an analytical procedure designed to sep-
arate observations in a space defined by ecological variables
(Pielou 1984). Both principal components analysis and Bray-
Curtis ordination (Pielou 1984) were used to study the
arrangement of greenspaces. Because of the similarity in
results from the two techniques, we report only the results
of principal components analysis ordination. This was a
useful technique for our study because it allowed us to ana-
lyze the spatial pattern of the greenspaces in a space defined
by the small mammal species abundance values. We used
life history information for the species to identify differences
in habitat requirements and environmental gradients that
define the ecological space that separate the greenspaces.

Classification techniques mimic the mental classifica-
tion procedures used to assign objects to categories (Pielou
1984). We used Ward’s Minimum Variance method to

Table 1. Small mammals captured on 24 greenspaces in and around
Syracuse, New York.*

Species Number of sites Average relative abundance (%)
White-footed or deer mouse

(Peromyscus spp.) 24 52.3
Short-tailed shrew

(Blarina brevicauda) 22 14.7
Meadow vole

(Microtus pennsylvanicus) 16 11.0
Norway rat

(Rattus norvegicus) 10 9.3
Eastern chipmunk

(Tamias striatus) 8 9.1
House mouse

(Mus musculus) 5 1.1
Meadow jumping mouse

(Zapus hudsonicus) 2 0.6
Masked shrew

(Sorex cinereus) 2 1.4
Woodland jumping mouse

(Napeozapus insignis) 1 0.3
Southern flying squirrel

(Glaucomys volans) 1 0.3
Ermine

(Mustela erminea) 1 0.1
Total 100.2

Captured by Rowse (1980}, Mathews (1982), and Powell (1982).

S

Fig. 1. Location of 24 greenspaces in Syracuse and adjacent portions of Onondaga County, New York.
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develop an hierarchical clustering of the greenspaces based
on species’ relative abundance values.

Landscape Quality and Pattern for Areas
Surrounding Greenspaces

Land cover, land use, and landscape pattern variables
were measured within the 1-km radius area surrounding the
center of each greenspace (Table 2). Land cover and land
use data were used to describe landscape quality. The per-
centage of each cover type and land use within the 1-km
radius area was determined by interpreting aerial photo-
graphs and land use maps for Syracuse and Onondaga County
(Syracuse-Onondaga County Planning Agency 1977), using
the homogeneous land use polygon technique (Sanders and
Stevens 1984). Landscape pattern variables were measured
on the same aerial photographs using procedures described
by Bowen and Burgess (1981). We used principal compo-
nents analysis to identify the landscape quality and pattern
variables that best explained differences among the land-
scapes within 1 km of the center of each greenspace.

Table 2. Landscape quality (land cover and land use) and pattern vari-
ables measured within a 1-km radius surrounding greenspace centers.

Landscape Quality

Land cover:
Percent covered by tree canopy
Percent covered by herbaceous cover
Percent covered by bare soil
Percent growing space

Land use:
Percent residential land
Percent institutional land
Percent parks
Percent vacant land
Percent agricultural land

Landscape Pattern

Greenspace area

Greenspace perimeter/area ratio

Average distance from greenspace to other forested areas

Total number of connections between greenspace and other forested
areas

RESULTS

Ordination and Classification of Small Mammal
Data

Four principal components account for 71% of the
variation in the small mammal relative abundance data set
(Table 3.) Twenty-eight percent of the ecological distance
between sites was explained by the abundance of the masked
shrew, woodland jumping mouse, and southern flying squir-
rel—species associated with mature woodlands (Hamilton
and Whitaker 1979, DeGraaf et al. 1981). The second
principal component has strong positive loadings for the
Norway rat and house mouse—species associated with human
disturbance—and a negative loading for Peromyscus spp.,

Table 3. Principal components (PC) analysis of small mammal abun-
dance data for 24 greenspaces (loadings = +/— 0.30).

Principal component

Species Loading Variance explained (%)
PC 1 (Eigenvalue = 3.09) 28.1
Masked shrew 0.56
Woodland jumping mouse 0.56
Southern flying squirrel 0.56
PC 2 (Eigenvalue = 1.90) 17.3
Norway rat 0.60
Peromyscus spp. —0.57
House mouse 0.44
PC 3 (Eigenvalue = 1.53) 13.9
Eastern chipmunk —0.63
Meadow vole 0.54
Meadow jumping mouse 0.44
PC 4 (Eigenvalue = 1.28) 11.7
Short-tailed shrew 0.59
Peromyscus spp. -0.50
Meadow jumping mouse 0.35
Total variance explained 71.0

the most abundant small mammal in eastern woodlands
(Hamilton and Whitaker 1979). The third principal com-
ponent has positive loadings for species associated with old
field and meadow habitats, and the fourth component has
strong loadings for species associated with old fields and
young forests.

Slightly over 45% of the variation in species’ relative
abundance values are explained by the first two principal
components (Fig. 2.). The two axes of Fig. 2 separate sites
based on the relative abundance of species that inhabit
mature forests (X-axis) and the relative abundance of species
associated with woodland disturbance and human influence
(Y-axis). The location of greenspaces along the axes indicate
the presence of environmental gradients of forest cover and
disturbance.

Results of the hierarchical classification of greenspaces
based on species’ relative abundance values are shown in
Fig. 3. We found that the dendrogram could be generalized
to three groups characterized by the abundance of Peromys-
cus spp. and other frequently captured species—the meadow
vole, short-tailed shrew, eastern chipmunk, and Norway rat
(Table 4). Group one, dominated by Peromyscus spp., includes
sites where some degree of site management occurs. Group
two includes greenspaces with small mammal populations
typical of old fields and different-aged forests in Central

Table 4. Average relative abundance values (%) for species that describe
the three greenspace groups based on cluster analysis. (See Fig. 3).

Species Group t Group 2 Group 3
Peromyscus spp. 72.9 39.6 11.3
Meadow vole 5.3 16.4 0

Short-tailed shrew 14.7 16.1 1.4
Eastern chipmunk 0.9 13.7 42.3
Norway rat 1.2 10.5 45.1
Total 95.0 96.3 100.1
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Fig. 2. Ordination of the first two principal components using small mammal relative abundance data for 24 greenspaces.

New York (Townsend 1935). Group three, dominated by
the Norway rat and eastern chipmunk, includes greenspaces
with a high level of disturbance and human activity.

Landscape Quality and Pattern

Four principal components explain 74% of the variance
in the 1-km radius area surrounding the center of each
greenspace; slightly over 51% of the variation is explained
by the first two principal components (Table 5, Fig. 4).
High scores on the PRIN 1 axis (Fig. 4) indicate a high
percentage of growing space, canopy, vacant and agricul-
tural land use, and a low degree of greenspace isolation from
other forested areas. High scores along the PRIN 2 axis
describe areas with a low percentage of canopy cover and

residential land use, a high percentage of bare soil, and
greenspaces with a high perimeter to total area ratio. The
24 greenspaces fall into three groups when plotted along
these axes. Group 1 includes areas on the edge of the city
and in suburban and rural areas. These “urban fringe” green-
spaces are characterized by predominately vacant and agri-
cultural lands dominated by large amounts of growing space.
The second group represents disturbed landscapes. The areas
surrounding these greenspaces have low amounts of growing
space, with these spaces dominated by bare soil with little
canopy or herbaceous cover. The greenspaces are linear with
a high perimeter to total area ratio, and a high degree of
isolation from other forested areas. The remaining green-
spaces (Group 3) form a group defined by the character of
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Fig. 3. Cluster analysis of 24 greenspaces based on small mammal relative abundance values.

residential landscapes. Growing space is relatively low com-
pared to the urban fringe group. Landscape features should
be expected to vary with the structure of vegetation in
residential neighborhoods (Rowntree 1984).

The greenspaces surrounded by urban fringe landscapes
have small mammal communities typical of mature forest or
old fields. Greenspaces surrounded by disturbed landscapes
tend to have small mammal communities typical of disturbed
sites. The group of greenspaces surrounded by residential
landscapes includes a diversity of small mammal commu-
nities reflecting the variability of residential landscapes.

DISCUSSION

Our results indicate that small mammal population data
can be used to identify environmental differences between
greenspaces. These differences can be attributed to environ-

mental gradients of forest cover and disturbance, and are
expressed as three groups of greenspaces with very different
small mammal populations. QOur results fit the pattern of
environmental gradients associated with urbanization that
influences the structure and species composition of green-
space vegetation described by Airola and Buchholz (1984),
Whitney (1985), and Nilon (1986).

Both the environmental gradients and grouping of
greenspaces can be defined in terms of the urbanization
process. Landscape quality and pattern data reveal that
greenspaces on the edge of the city, and in disturbed and
residential landscapes are distinct. These differences can be
explained in part by the spatial and technological models of
urbanization described at the beginning of this paper. For
example, specialized land use zones, such as industrial areas
and construction sites along filled wetlands, define unique
landscapes. Greenspaces surrounded by these landscapes
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Fig. 4. Greenspaces plotted along axes defined by landscape quality and pattern variables for the 1-km area surrounding the center of each greenspace.

have small mammal populations characteristic of disturbed
sites.

Our results suggest that wildlife population data can be
used to classify greenspaces into groups with similar man-
agement needs. A classification system based on population
data provides results that are easy to interpret and mean-
ingful to ecologists, managers, and planners.

Table 5. Principal components (PC) analysis of landscape quality and
pattern data for areas within 1 km of the center of each greenspace (loadings
= +/— 0.30).

Variance
Principal component explained
Variable Loading (%)
PC1 (Eigenvalue = 4.3) 333
Percent vacant land 0.43
Total growing space 0.41
Average distance to other forested areas —0.36
Percent canopy cover 0.32
PC2 (Eigenvalue = 2.3) 17.9
Percent bare soil —0.57
Percent residential land use 0.40
Perimeter/total area ratio —0.38
Percent canopy cover 0.34
PC3 (Eigenvalue = 1.7) 13.0
Greenspace area 0.54
Number of connections to forested-areas 0.48
Percent institutional land use -0.41
Average distance to other forested areas 0.39
PC4 (Eigenvalue = 1.3) 9.8
Percent herbaceous cover 0.68
Percent bare soil —-0.34
Percent parks -0.32
Total variance explained 74.0

Character

Residential/lmtituticnal

Urban Fringe

15 25 35 45
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Use of Kulcyznski’s Similarity Index in Analysis

of Urban Avifaunas
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Fort Collins, CO 80523

INTRODUCTION

This paper has been written to examine the general
question of whether avifaunas of different cities tend to
become more similar to each other over time as a result of
urbanization. Clearly, certain species of birds are highly
successful in urban environments, among them Canada goose
(Branta canadensis), rock dove (Columba livia), American
crow (Corvus brachyrhynchos), European starling (Stumus
vulgaris), house finch (Carpodacus mexicanus) and house
sparrow (Passer domesticus), and eventually come to domi-
nate in cities over wide areas as urban biotic communities
approach their climax stages. Intuitively, one would answer
the above question affirmatively. In this paper, I will suggest
how an objective method of expressing similarity, Kulcyzns-
ki’s index, can be used to examine the question, then analyze
trends in Christmas Bird Counts for four selected cities.

If it is true that urbanization leads to increasing similarity
in urban avifaunas, then either or both of the faunas being
compared has to be changing. Also, if two faunas are con-
verging in similarity, then one, if not both has to be diverg-
ing, either from what it used to be, or else from a third fauna
not experiencing the same changes. If there is convergence,
there must also be divergence, although it is possible that
divergence could occur without accompanying conver-
gence.

The specific alternative hypotheses to be examined (rather
than tested) are:

(1) that for a given urban area, Christmas Bird Counts
tend to be more similar over short than long inter-
vals of time; and

(2) that for different urban areas, Christmas Bird Counts
become more similar over time.

METHODS

Criteria for selecting cities for analysis were:

(1) being within a Standard Metropolitan Statistical
Area in the Mountain Region of the United States
in the 1980 Census (U.S. Department of Com-
merce 1983);

(2) being east of the Continental Divide; and

(3) having Christmas Bird Counts for 1950, 1960,
1970 and 1980 (American Birds 1971, 1981;
Audubon Field Notes 1951, 1961).

Christmas Bird Counts for four places meeting these
criteria, Colorado Springs and Fort Collins, Colorado; Cas-
per, Wyoming; and Billings, Montana, for the years 1950,
1960, 1970, and 1980 were analyzed.

Similarity indices may be calculated by comparing either
the presence or absence of species in lists, or their relative
abundances expressed as percentages of all items on those
lists. Sorenson’s similarity index (Greig-Smith 1964, Dirschl
1969, Gauch 1973) and Duellman’s faunal resemblance
factor (Duellman 1965, Armstrong 1972) work with occur-
rence only, and take the form SI (or FRF) = (2.c)/(a+b),
where c is the number of items on both lists, and a and b
are the total numbers of items in each of the lists. Kulcyzns-
ki’s similarity index (Qosting 1956, Hansen et al. no date),
like Gauch’s (1973) Percentage Similarity, takes into account
relative numbers. After expressing each item as a percentage
of all items in both lists, it is calculated by summing the
lower of the two percentages for all items occurring in both
or either list. It may range from 0% to 100%.

A personal computer employing spreadsheet software
was used to calculate the similarity indices. Christmas Bird
Counts were entered on identically-formatted spread sheets,
and the two lists to be compared were merged. Editing

Integrating Man and Nature in the Metropolitan Environment. Proc. Natl. Symp. on Urban Wildl., Chevy Chase, Md., 4-7 November 1986, L.W. Adams and
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included deletion of rock dove counts and of unidentified
birds. Indices were calculated for all species together, then
for aquatic birds (loons, grebes, waterfowl, gruiforms, char-
adriiforms, and kingfishers), raptors and scavengers (falcon-
iforms, strigiforms, crows, ravens, magpies, and shrikes),
galliforms, and other terrestrial birds. These categories were
non-overlapping and all-inclusive. Species contributing most
to dissimilarities were listed in the outputs. I did not attempt
to test the significance of differences in similarity indices.

RESULTS

Cross-temporal Similarity Within Areas

All Species.—For all four areas, the similarity indices
for all species of birds were greater for 1980cf1970 than for
1980cf1950, and for 1950cf1960 than for 1950cf1980 (Table
1). Viewed retrospectively, mean of indices for 1980¢f1970
was 68.5%, indicating similarity, and mean of indices for
1980cf1950 was 38.5%, indicating dissimilarity. Viewed
prospectively, mean of indices for 1950cf1960 was 53.5%,
and that for 1950cf1980, 38.5%, a pattern of similarity being
replaced by dissimilarity. The first alternative hypothesis is
supported—Christmas Bird Counts over short intervals of
time tend to be more similar than counts at longer intervals
of time.

The only species that accounted for >5% dissimilarity
in one or more of the cross-temporal comparisons of all
species were Canada goose, mallard (Anas platyrhynchos),

Table 1.  Cross-temporal similarity indices (%), Christmas bird counts, 1950—1980.

ring-necked pheasant (Phasianus colchicus), black-billed
magpie (Pica pica), Bohemian waxwing (Bombycilla garru-
lus), European starling, American tree sparrow (Spizella
arborea), dark-eyed junco (Junco hyemalis), red-winged
blackbird (Agelaius phoeniceus), western meadowlark (Stur-
nella neglecta), rosy finch (Leucosticte arctoa), and house
sparrow. A better idea of processes at work can be gained
by examining similarity indices for the designated groups of
birds.

Aquatic species.—All counts of aquatic birds for Colo-
rado Springs and Billings were internally similar to very
similar to each other. Likewise, excluding the 1950 count
of only eight aquatic birds, counts for Casper were similar
to very similar to each other. Aquatic bird counts for Fort
Collins were very similar in 1950 and 1960, and again in
1970 and 1980, but the 1950 and 1960 counts were from
somewhat to very dissimilar from the 1970 and 1980 counts.
Changes in relative numbers of Canada geese and mallards
accounted for 96.2% of this dissimilarity.

Raptors and Scavengers.—All counts of raptors and
scavengers for Colorado Springs, Casper and Billings were
internally similar to very similar. For Fort Collins, the 1950
and 1960 counts were very similar to each other, as were
the 1970 and 1980 counts, but the 1970 and 1980 counts
were dissimilar from the 1950 and 1960 counts. Changes in
relative numbers of American crow and black-billed magpie
accounted for 79% of the dissimilarity at Fort Collins between
1960 and 1970.

Retrospective comparison

Prospective comparison

1980 1980 1980 1980 1950 1950 1950 1950
City of of of of of of of of
Bird group 1980 1970 1960 1950 1950 1960 1970 1980
Colorado Springs
All species 100 70 55 50 100 55 55 50
Aquatic species 100 65 55 55 100 95 80 55
Raptors-scavengers 100 65 85 85 100 95 75 85
Galliforms 100 60 60 40 100 0 10 40
Other terrestrial birds 100 70 50 50 100 45 55 50
Fort Collins
All species 100 65 40 30 100 70 20 30
Aquatic species 100 95 30 15 100 80 10 15
Raptors-scavengers 100 85 40 40 100 80 30 40
Galliforms 100 100 100 100 100 100 100 100
Other terrestrial birds 100 45 45 45 100 55 40 45
Casper
All species 100 70 80 35 100 45 50 35
Aquatic species 100 80 10 0 100 10 5 0
Raptors-scavengers 100 80 70 70 100 80 70 70
Galliforms 100 60 0 60 100 100 60 60
Other terrestrial birds 100 60 55 50 100 45 75 50
Billings
All species 100 70 65 40 100 45 35 40
Aquatic species 100 85 85 70 100 70 75 70
Raptors-scavengers 100 60 50 55 100 95 90 55
Galliforms 100 90 90 90 100 100 100 90
Other terrestrial birds 100 75 70 45 100 55 35 45
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Galliforms.—Cross-temporal similarity indices for gal-
liforms for Fort Collins and Billings were internally very
similar. Those for Colorado Springs and Casper varied greatly.

Other Terrestrial Birds. —Cross-temporal similarity indices
for counts of other terrestrial birds ranged from 41-77%.
Their patterns varied considerably among places. Few spe-
cies had any great effect on dissimilarities in these indices.
For example, for Colorado Springs, 1950cf1960, eleven
species together accounted for 90% of the dissimilarity.
There is yet no strong indication of a move in the direction
of sustained high similarity in any of these four places, as
there is for the other groups of birds.

Cross-regional Similarity Within Years

All Species.—All cross-regional similarity indices com-
paring Colorado Springs and Fort Collins, all species, were
dissimilar, and there was no evident trend in this statistic
between 1950 and 1980 (Table 2). Many species contributed
slightly to the observed dissimilarities. Counts comparing
Fort Collins and Casper displayed convergence, moving
from a very dissimilar 16% in 1950 to a somewhat dissimilar
43% in 1980. Counts for Casper and Billings exhibited
convergence, moving from a dissimilar 32% in 1950 to a
similar 71% in 1980. Species that contributed >5% to
dissimilarity in one or more of the cross-regional, all species
comparisons were the Canada goose, mallard, ring-necked
pheasant, European starling, dark-eyed junco, red-winged
blackbird, rosy finch, and house sparrow.

Aquatic Species.—Colorado Springs and Fort Collins
counts of aquatic birds were very similar in 1950 and 1960,

Table 2. Cross-regional similarity indices (%), Christmas bird counts,
Colorado Springs (COSP), Fort Collins (FOCQO), Casper (CASP), and
Billings (BILL), 1950-1980.

Bird group compared

Cities compared 1950 1960 1970 1980
All species

COSP cf FOCO 48 33 33 43

FOCO cf CASP 16 31 24 43

CASP f BILL 32 58 58 71
Aquatic species

COSP f FOCO 91 79 14 17

FOCO f CASP 1 78 11 40

CASP of BILL 1 63 92 72
Raptors-scavengers

COSP cf FOCO 66 63 40 84

FOCO f CASP 81 71 23 42

CASP cf BILL 92 82 74 65
Galliforms

CQSP cf FOCO 40 0 0 42

FOCO cf CASP 25 0 0 0

CASP f BILL 42 0 0 0
Other terrestrial birds

COSP cf FOCO 62 49 44 53

FOCO of CASP 25 45 51 46

CASP cf BILL 44 56 52 71

but very dissimilar in 1970 and 1980 (Table 2). Canada
goose, mallard, and American wigeon (Anas americana)
accounted for most of the dissimilarity in 1970 and 1980.
Fort Collins and Casper had very similar aquatic birds counts
in 1960, but very dissimilar counts in 1970, when Canada
goose, mallard, common goldeneye (Bucephala clangula),
and common merganser (Mergus merganser) accounted for
most of the difference. The index increased in 1980, prin-
cipally because of an increase in numbers of Canada geese
at Casper. Casper’s and Billings’s counts of aquatic birds
were similar to very similar from 1960 through 1980.

Raptors and Scavengers.—Of the four groups of birds
examined separately, raptors and scavengers had the highest
average cross-regional similarity indices. Counts of raptors
and scavengers in Colorado Springs and Fort Collins were
similar in 1950 and 1960, dissimilar in 1970, and very similar
in 1980. Differences are largely due to differences in numbers
of American crows. The crow was well established as a
wintering bird in Colorado Springs in 1950, but did not
begin wintering in Fort Collins in appreciable numbers until
sometime between 1960 and 1970. Counts of raptors and
scavengers in Fort Collins and Casper were very similar to
similar in 1950 and 1960, but diverged to become dissimilar
in 1970, mainly because of the crow. An increase in the
magpie:crow ratio in Fort Collins in 1980 allowed the Fort
Collins-compared-with-Casper index to rise in 1980, but it
was still in the dissimilar range. Raptor and scavenger counts
for Casper and Billings were very similar in 1950, and have
since diverged slightly, but are still similar.

Galliforms.—Of the four groups of birds examined sep-
arately, galliforms showed the lowest average similarity indi-
ces. Cross-regional counts of galliforms (Table 2) ranged
from completely dissimilar to dissimilar. Such counts for
Fort Collins and Billings, not shown, are more similar to
each other than for any other pair of areas, owing to the
dominance of ring-necked pheasants in both places.

Other Terrestrial Birds. —Cross-regional similarity indi-
ces for other terrestrial birds ranged from 44—71%, with one
exception, 25% for Fort Collins-compared-with-Casper in
1950 (Table 2). There may be slight convergence between
such counts for Fort Collins and Casper, and Casper and
Billings, but the trends are inconclusive.

DISCUSSION

Evaluation of Christmas Bird Counts

It is beyond the scope of this paper to evaluate the
quality of data incorporated into Christmas Bird Counts.
Various aspects of this problem have been teported, starting
at least as early as Preston’s (1958) work. Horak (1986)
recently reviewed a number of papers on this subject. Still,
there are some aspects of Christmas Bird Count results as a
data-base that are highly relevant to this evaluation of Kul-
cyznski’s similarity index.
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Representativeness of low-intensity Christmas Bird
Counts producing small samples, e.g., Billings, 1950
(N =337) is certain to be much more variable than that of
well-coordinated, high-intensity counts. Usually early counts
were of lower intensity than recent counts, and hence early
counts are likely to be less representative of the communities
sampled than later counts. Similarity indices involving early
or other low-intensity counts are as a result going to be more
imprecise than indices for high-intensity counts. Small group
samples, e.g., Casper, waterfowl, 1950 (N=8), further
increase the likelihood of this kind of error.

Counts of rock doves for these places and years were
incompletely reported, and have not been included in the
analysis. It seems likely therefore that all similarity indices
herein are stated conservatively.

Assumptions in Calculation of Kulcyznski’s
Similarity Index

Kulcyznski's similarity indices are weighted heavily by
species that are abundant in at least one of the lists being
compared. Dissimilarity (100%—KSI) is influenced most
by the species having the greatest differences between per-
centages on the two lists. A species comprising 50% of one
list, 25% of the other, has the same contribution to dissim-
ilarity as does a species comprising 26% of one list and 1%
of the other. Consequently, changes in numbers of abundant
species such as the Canada goose and mallard among aquatic
birds, crow and magpie among raptors and scavengers, and
starling and house sparrow among other terrestrial birds,
will usually have the greatest effects on similarity. Species
contributing importantly to perceived similarity, such as
common goldeneye, American kestrel (Falco sparverius),
house finch, dark-eyed junco, and evening grosbeak (Coc-
cothraustes vespertinus) generally affect the indices little,
because their percentages of birds within their groups are
small by comparison.

There are a number of ways the index could be improved.
Analysis of a complete year-to-year series of counts would
permit regression analysis of the resultant indices. Use of
moving averages would eliminate some of the “noise,” espe-
cially that from erratic species like waxwings. Logarithmic
and/or exponential transformations might appropriately reduce
the weight accorded abundant species. Also, the groups that
[ have used might be further subdivided. Exclusion of Can-
ada geese and mallards from aquatic birds would give us a
more meaningful index to the similarity of the two lists as
to all other aquatic species. Yet another approach would be
to convert numbers to species biomass, or even metabolic
biomass. One eagle is much more significant than one kestrel
bioenergetically.

Non-urban Landscape Features Affecting
Similarity
A Christmas Bird Count is conducted within a circle

of 7.5-mile (12.1 km) radius, and has an area of 171.5 sq
mi (444 sq km). None of these areas considered is entirely

urban. Thus the counts reflect the summation of birds occu-
pying urban, suburban, and rural habitats, and the implied
effects of urbanization are diluted.

These four cities, all within Standard Metropolitan
Statistical Areas (entire counties in these cases) vary in
their relation to other cities. Colorado Springs and Fort
Collins are within a contiguous block of counties that also
includes Pueblo, Denver, Boulder and Greeley, an area that
is becoming a metropolis. Casper and Billings are isolated
by contrast. Urbanization is proceeding at a different rate
within each of these four cities.

Latitude, altitude, and climate importantly affect avi-
faunas. For example, dark-eyed juncos comprised 19% of
other terrestrial birds at Colorado Springs and 2% of those
at Billings in 1980. It may be a long time, if ever, before
Billings changes enough through urbanization to winter
nearly as many juncos as Colorado Springs.

Water conditions profoundly affect aquatic species.
Billings and Casper count areas include large rivers, and
should always have relatively more goldeneyes and mergan-
sers than Fort Collins and Colorado Springs. Numbers of
reservoirs and their relation to cropland account for much
of the difference in status of Canada geese between Fort
Collins and Colorado Springs.

Another variable affecting Kulcyznski’s similarity indi-
ces is the juxtaposition of habitats within the count circle.
Colorado Springs is more within the foothills and mountains
than is Fort Collins, which is much more within the plains.
Casper and Billings are insular cities, surrounded by lightly
populated grasslands, farmlands and shrublands, and Casper
has more foothills and mountains within its count circle
than Billings. I have not attempted to relate variance in
avifaunal similarity to independent variables such as these.
Species Affecting Similarity Indices

Kulcyznski’s similarity index is a very coarse index of
avifaunal similarity. In this analysis, only seven species
accounted for >10% of the similarity in any of the 36
comparisons made, and only 12 species accounted for >5%
of the dissimilarity in any of the cross-temporal or cross-
regional comparisons. The most frequent contributor of
>10% to similarity was the house sparrow, which made this
level of contribution in 17 of 36 comparisons made. The
mallard contributed >10% to similarity in 10 comparisons,
the European starling in six. Canada goose, dark-eyed junco,
red-winged blackbird, and black-billed magpie contributed
>10% to the similarity indices in one to three cases each.
These seven species, along with rosy finch, ring-necked
pheasant, Bohemian waxwing, American tree sparrow, and
western meadowlark, contributed >5% to dissimilarity in
one or more cases each.

SUMMARY

Christmas Bird Counts for Colorado Springs and Fort
Collins, Colorado; Casper, Wyoming; and Billings, Mon-
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tana, for 1950, 1960, 1970, and 1980 were compared using
Kulcyznski’s similarity index. The structure of winter bird
communities in each of these cities changed between 1950
and 1980. Wintering bird communities of Fort Collins and
Casper are becoming increasingly similar, as are those of
Casper and Billings. Similarity of winter birds between Col-
orado Springs and Fort Collins has changed little since 1950.
Raptors and scavengers exhibit the greatest cross-regional
similarities, galliforms the lowest. In addition to urbaniza-
tion, several other factors probably influence similarity of
winter avifaunas of the cities examined. Improved methods
of expressing similarity are suggested, but not tested.
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Traditionally, Extension Specialists have dealt with
agriculture and related problems at the county level through
the vast Cooperative Extension Service network. This net-
work has prided itself on responding in a timely and practical
manner to special needs identified by one-to-one interaction
with local landowners. Times are changing and the Coop-
erative Extension Service is assuming a greater role in urban
areas. The linkage is still there with rural landowners and
problems, but the network and scope has expanded to include
urban areas and needs as well. Planning, working with larger
groups, and evaluation of impacts are focal points for Exten-
sion Service activities.

Extension Specialists are involved with expanded roles
in both rural and urban settings; they, too, are being encour-
aged to work with larger groups in a proactive (rather than
just reactive) manner. The needs and challenges have never
been greater for Extension Specialists to assume a greater
leadership role in public education. Extension Specialists
are linked to one of the largest communications networks
in this country (the Cooperative Extension Service) and
this should be used to advantage in reaching groups of
educators, planners, and developers. This paper suggests
some positive ways in which Extension Specialists can begin
to meet the challenges of their continuing and expanding
role as public educators. These include working in the urban
setting, attempting to upgrade the image of extension by
responding to non-traditional programming needs, improv-
ing communications, cooperation between agencies, plan-
ning, and accountability.

The role of Extension Specialist has greatly expanded

in variety and extent. Extension’s role once seemed to be a
source of information mainly for rural communities. Coop-
erative Extension’s traditional “image” of providing tech-
nical assistance in just Agriculture, Home Economics, and
4-H programs also needs to change in many parts of the
country. With about 75% of the U.S. population living in
urban areas or suburbs, and with a growing trend toward
urbanization, Extension must expand its role as an educa-
tional and informational system.

Transition into programming for urban situations is a
slow process for several reasons. First, large governmental
systems are generally slow to respond to needs simply due
to their size. The size of the Cooperative Extension network,
which literally connects every county in the United States,
has both positive and negative aspects. Reluctance to change
could be considered to be either positive or negative depend-
ing upon your perspective. One perspective is that the
Cooperative Extension Service is caught in the middle of a
struggle between older, traditional lifestyles and values vs.
newer, “modern” lifestyles and values. Certainly, this topic
is large enough to keep sociologists and others busy for
several decades attempting explanations; it also is well beyond
the scope of this paper. Suffice it to say that the “wholesome”
image of a family farm in America as a dominant lifestyle
has changed substantially in the last 3 decades.

Another major reason for Extension’s slow response to
changing times is that Extension agents and staff were fre-
quently reared in a rural setting and they either lack the
expertise or feel uncomfortable in dealing with urban situ-
ations and programs. The evolution of the Cooperative
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Extension Service's presence and effectiveness in urban sit-
uations seems to be a tedious process that is occurring as a
“forced” change in many counties. Despite all of these
potential changes, the Cooperative Extension Service still
“enjoys” grassroots support from agriculture and rural inter-
ests for programs of relevance to these people.

Finally, we believe that the “image” of Cooperative
Extension referred to above remains as a major stigma in
many areas to urbanites approaching Extension for answers
to their non-agricultural problems or for assistance with non-
agricultural programs. The Cooperative Extension Service
must respond to urban needs in the future in order to survive
politically. At the same time that Extension may be slow to
evolve and modernize its image, it has a vast capability for
quickly transmitting current information to various user groups.
Many states are becoming highly computerized and tech-
nology continues to improve in this area. Also, just as
computer software must be “user friendly” in order to be
effective, Extension personnel are required to present infor-
mation in layman’s terms to be readily understandable to
user groups and the general public.

A number of new challenges exist in Cooperative
Extension Service programming including working in a
“proactive” (rather than just a “reactive”) manner and with
larger groups (rather than one-to-one interaction). Perhaps
the best example of non-productive “reactive” activity over
the years has been the Extension Wildlife Specialists’ attempts
to respond to numerous daily requests for assistance in con-
trolling damage from wildlife. These requests, often from
sincere people incurring serious damage to crops and private
property, have traditionally been difficult to predict and
nearly impossible to include in planning processes. Devel-
opment of rather extensive literature for distribution addressing
animal damage control has been the most typical way for
Extension Wildlife Specialists to respond state by state and
this has helped with some of the most common problems.
The U.S. Department of Agriculture’s new program in the
Animal, Plant and Health Inspection Service (APHIS)
promises to provide some future relief for Extension’s
involvement in this area. But, as urbanization increases, so
do the wildlife-people interactions and it is very likely that
a number of agencies or organizations will remain involved
in trying to minimize animal damage problems.

As needs increase and funding levels decrease, it becomes
imperative for Extension Specialists to strive for improved
communications and linkages with other agencies and orga-
nizations. A continuing, long-term challenge for Extension
Specialists seems to be in improving communications and
cooperation with these groups.

Another new major challenge is for the Cooperative
Extension Service to change with the times to better respond
to user needs in non-traditional areas of Agriculture, Home
Economics, 4-H, and Natural Resources. Examples include
worksite programming (for working, single parents), edu-
cational programs for youth in wildlife (wildlife contests,

cooperation with Project Wild), forestry (contests, coop-
eration with Project Learning Tree), nutrinomics (learning
about foods with good nutrition at reasonable prices) and
shooting sports (for both adults and youth).

Recognition and appreciation of non-commodity val-
ues and aesthetics have not normally been a part of exten-
sion programming in the past, but should be in the future.
Along with this, natural resources programming should
become a more vital part of Extension Specialists’ activities.
In general, natural resources programs seem to be an exciting
part of youth programming in Extension. Also, many larger
metropolitan areas are trying different ways to revitalize their
downtown sections, and other areas all over town that have
fallen into disrepair. The state Extension specialist has an
opportunity in these cases to work with community devel-
opment specialists at the county level, as well as local busi-
nessmen and community leaders, city councils, and Cham-
bers of Commerce to understand and implement plantings
that not only aesthetically benefit the urban areas, but also
provide food and cover for wildlife. There are many plants
that are very beautiful, form good screens, provide winter
interest, and also fulfill requirements for wildlife.

As with most governmental programs today, Extension
has had to become accountable for monies spent and to
document impacts on various publics and user groups. The
pendulum seems to have swung dramatically toward Exten-
sion program planning and evaluation in recent years;
Extension Specialists need to be actively involved in both
of these processes.

Youth programming is extremely important in both the
rural and urban setting. These are the people in our society
who are malleable, and most influenced by new ideas or
different thinking. The reason is that they are not so set in
their ways as are most adults.

Unfortunately, the 4-H clubs are probably much less
active and are less visible in many urban areas than they are
in rural communities. This means that it becomes very
important to contact youth groups of all kinds in urban areas
in order to get the message across. Here again, there is a
tremendous need and opportunity for Extension to teach
the teachers, scout leaders, etc. in order to reach the youth
with whom Extension does not traditionally work.

Today’s young people are accustomed (as are adults) to
a very slick, glossy, “high-tech” world. Extension educators
must be ready to perform in today’s settings in order to gain
interest and/or appreciation from urban youth and adults
alike. In urban settings where there is such ready access to
cable television and public television, Extension has a per-
fect outlet for some creative teaching opportunities. People
spend many hours each week tuned to this medium.

Wildlife and people are alike in many of their basic
needs such as food, shelter, homes, etc. The animals that
will survive best in urban surroundings are those that can
tolerate the close proximity of humans, and are most flexible
and able to adapt to the changing habitat in the urban
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environment. Extension educators, as well as other “teach- food and cover in one area. Likewise, Extension Specialists
ers,” also must be able to adapt to ever-changing needs and' will have the most success reaching the public by branching
interests in order to survive and be successful in their roles out with many varied and new methods for disseminating
as educators. The greatest diversity of wildlife is found where their information.

the habitat provides many different sources and kinds of
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Natural resources programs for 4-H youth in New York
State have the following goals: (1) to help youth acquire
personal values reflecting a commitment to the quality of
environment that they desire, (2) to make them acquainted
with the principles and practices of conservation, (3) to
allow them to explore the resource bases for living systems
and to become actively involved in their management and
conservation, (4) to enhance their quality of life through
natural resource based recreational experiences and skills
development, and (5) to help them explore career oppor-
tunities in natural resources fields. Cooperative Extension
traditionally has relied on trained volunteers to help educate
others. In suburban Long Island, where the population exceeds
three million people, the need for trained volunteers to
assist with program delivery is especially great. A lack of
knowledgeable and trained volunteers in natural resources
fields has prevented us from reaching many of the program
goals locally. Although many 4-H clubs complete natural
resources projects, few get beyond the introductory level,
often because of the leaders’ lack of confidence in the natural
resources area.

In recent years, recruiting adults to be traditional 4-H
club leaders has proved difficult. In large part, this has been
attributed to the dual career family structure, where both
parents work outside the home. Parents explain that they
do not have the time to help with 4-H clubs on a regular
basis. The pool of female homemakers, a traditional source
of volunteers in the past, has declined considerably. The
rise of the single parent family has compounded the problem.

To combat the problem of few trained volunteers
knowledgeable in natural resources, we developed a new
program. So that busy people could become involved, we
designed the program with a flexible volunteer commitment.

Traditional 4-H leaders are generalized and teach a wide
variety of subjects. They generally meet with youth groups
on a regular, long-term schedule. The new program trains
specialized leaders in various fields of natural resources.
These leaders might work with existing 4-H clubs, or do
their volunteer work in a variety of community settings.
The key elements of our new system are to (1) find people
already knowledgeable in a natural resource area and to
train them to be volunteer educators, (2) provide these
trainees with a flexible commitment that will enable them
to fit volunteer time into their schedule, and (3) establish
a series of short-term special interest programs for youth led
by these specialized volunteers as an alternative to tradi-
tional 4-H club involvement.

The first pilot subject was sport fishing. Sport fishing is
a leading recreational activity on Long Island, resulting in
a group of individuals who are knowledgeable about fishing
and Long Island waters. Approximately sixty adult sport
fishing clubs exist on Long Island.

To attract adults from this pool of experienced anglers,
a volunteer training program entitled Master Anglers was
developed by staff of the Department of Natural Resources
at Cornell University, New York State Sea Grant, and
Suffolk County 4-H. Master Anglers would be volunteer
sport fishing educators, teaching basic angling skills and
wildlife conservation principles. The potential success of
this approach was indicated by two existing programs. Many
sportsmen volunteer to serve as hunter safety instructors for
the New York State Department of Environmental Conser-
vation, and many amateur horticulturalists volunteer to be
Master Gardeners for Cooperative Extension nationally.

The planning committee developed a 13-week Master
Angler training program. Topics covered in the training
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session included ecology of fishes, fisheries management,
sportsmanship and ethics, safety, handling of fish and sea-
food preparation, angling techniques, and teaching tech-
niques. The purpose of the training program was to give
participants a broad background in sport fishing-related top-
ics, so they could knowledgeably interact with the public
and 4-H clubs. However, it was assumed that volunteers
would choose to teach topics in which they already had a
strong interest.

It is our hope that through an involvement with sport
fishing, young people will reach some of the natural resources
goals mentioned earlier. Our strategy is to first get young
people interested in fishing, to teach them how to be suc-
cessful anglers, and then get them concerned and involved
with fisheries conservation issues.

The Master Angler program was advertised through
the local media. Persons expressing an interest in the pro-
gram were sent a program schedule, a fact sheet explaining
the goals and purpose of the program, and an application
form. On the application form, applicants were asked to
describe their level of fishing experience, their present
involvement in sport fishing activities, and why they wanted
to be a Master Angler. Approximately 90 people submitted
applications. From that group a class of 31 was selected,
including those with the strongest background and desire to
do volunteer work. The program was conducted in the fall
of 1985. Instructors for the program included staff of the
New York State Department of Environmental Conserva-
tion, the Coast Guard Auxiliary, locally recognized angling
“experts,” and Cooperative Extension Sea Grant and 4-H
staff.

Twenty-nine people completed the course. In order to
graduate from the Master Angler program, each candidate
had to attend all the training sessions and prepare a teach-
ing-related project. Each candidate was required to present
his project before the group. The purpose of the presentation
was to give each volunteer at least one experience speaking
in front of a group before course completion. During the
final session, participants were given Master Angler diplo-
mas and identifying patches.

Following the training course, all program participants
were sent evaluation forms. They rated the program very
highly, and expressed a real enthusiasm for the program and
its mission. One point mentioned by several participants
was their feeling that they needed more instruction on how
to become effective teachers.

The volunteers have been active for 8 months. A part-
time staff member was hired to coordinate their activities.
His responsibility is to help locate volunteer opportunities,
and to recruit Master Anglers for specific programs. This is
done through a Master Angler newsletter and by telephon-
ing. Some Master Anglers have been very active, but others
have yet to fulfill their volunteer commitment.

Master Anglers have been involved in a variety of
programs. The availability of Master Anglers was advertised

to community groups through Cooperative Extension pub-
lications. Libraries have had Master Anglers teach basic
angling courses. Two Master Anglers conducted a rod build-
ing course, and another organized the clean-up of a fresh-
water lake. Several Master Anglers helped handicapped
adults learn how to fish. Master Anglers also taught classes
to 4-H youth at a sport fishing camp.

The successful experience with the pilot program on
Long Island led to the development of a Master Angler
training program by Cooperative Extension staff working
along Lake Ontario. The experience with the program in
upstate New York was very similar to the Long Island exper-
ience.

The future for the Master Angler program in New York
is promising. A second training program is scheduled for
the fall of 1986 on Long Island. With experience gained
from two pilot programs, staff will be working on program
refinement and standardization. The program coordinators
will be working to develop (1) a basic course outline for
statewide application, (2) a guide for Cooperative Extension
agents on how to organize a Master Angler program, (3) a
uniform identification system of hats, patches, and diplomas
for Master Anglers, and (4) a resource book of angling
publications for use by Master Anglers.

Because of the success of the Master Angler program,
other natural resource topics were examined for their poten-
tial to provide volunteers to instruct youth. The field of
ornithology was selected because of its wide appeal and
relevance to many natural resource issues. Several local
chapters of the National Audubon Society exist on Long
Island, and we hoped these clubs could serve as a source of
adult volunteers. Cornell University and The National 4-
H Council have developed a wide variety of project guides
and audio-visual aids that could be used with an ornithology
training program.

Staff from the Seatuck Research Program of the Cornell
Laboratory of Omnithology, and Cooperative Extension,
jointly planned and carried out a Master Birder Training
program. Like Master Anglers, these people were to be
trained volunteers, willing to help both organizations carry
out their educational missions. We were particularly inter-
ested in having Master Birders work in two areas. On sub-
urban Long Island, fragmentation and loss of wildlife habitat
are critical concerns. We hoped that Master Birders might
serve to encourage people to become active in wildlife hab-
itat improvement projects in suburban areas. We also wished
to broaden participants’ perspective of wildlife management
techniques as they might relate to suburban natural resources.
Lastly, a birding program would help address the 4-H natural
resources goals already mentioned. By introducing more
young people to the fascination of observing and studying
birds, we hoped to cultivate their interest in the environ-
mental factors affecting bird populations.

A 10-week training program was planned and piloted.
Instructors included staff of the Cornell Laboratory of Omi-
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thology, Cornell Cooperative Extension, the New York
State Department of Environmental Conservation, and the
U.S. Fish and Wildlife Service. As with the Master Anglers,
there was an enthusiastic response to the public announce-
ment of the Master Birder program. Eighty applications were
received and other names were placed on a waiting list for
future programs. From the 80 applications, 30 participants
were selected.

The training program was conducted during the spring
of 1986. As with Master Anglers, training sessions were
scheduled during the evening hours so that working people
could attend. Classes were provided in a variety of topics
including waterfowl, shorebirds, upland birds, songbirds,
and basic ecology and management. Trained Master Birders
have taught classes in basic bird identification to community
groups, and have worked with handicapped individuals and
other special populations to introduce them to birding.

Whereas Master Anglers rated their training session as
“excellent,” Master Birders rated theirs as “good.” Both
groups were given a rating scale that included poor, fair,
good, and excellent. The birders seemed to be a less uniform
group than the anglers, with a wider range of knowledge
and greater involvement with the issues surrounding the
subject. In contrast to the Master Angler program, finding
an appropriate level of instruction for this second group was
more difficult.

Two observations were made of the birders that did not
seem to apply to the anglers. Generally, the birders appeared
to have a desire to improve their own technical skills first,
with volunteerism being secondary. In addition, this group
seemed more issue oriented, particularly in regard to wildlife
management, and had a tendency to be more opinionated.
Although this led to very interesting discussions during the
classes, it also raised concern regarding the ability of these
individuals to present the issues to students and groups
objectively.

From the experience with these two programs, a num-
ber of conclusions can be drawn. First, it is clear that there
is an interest on the part of many people to become involved
in special interest natural resources volunteer training pro-
grams. It is important that such programs be properly mar-

keted to a target audience to reach potential candidates. It
is also necessary to have a clear statement of program objec-
tives and expectations that can be shared with potential
candidates. Identifying a candidate’s knowledge of the sub-
ject and commitment to volunteerism is necessary before
accepting the individual into the program. A personal inter-
view would provide additional insight to the person’s poten-
tial for volunteer educational work.

Refining a program’s length and content will be an
ongoing process. A program should be at least long enough
to build a sense of group identity and purpose, and for the
coordinators to get to know all the participants. The longest
training period for Master Gardeners in New York State is
100 hours, although most county programs are considerably
shorter. Obviously a person will not become an expert in
any field as a result of one training program. The term
“Master” has caused some confusion. A Master Birder or
Angler is not necessarily, in our definition, an expert in bird
identification or fishing techniques, but rather someone
trained and motivated to teach basic information to others.
In addition, these programs were designed to provide pro-
grammatic continuity and identity with the long established
Cooperative Extension Master Gardener program.

We are encouraged by our experience with both pro-
grams. Special interest volunteers, given the opportunity to
volunteer when their time permits, can supplement the
traditional 4-H volunteer who works in a broad array of
subjects and meets with clubs on a regular basis. Trained
special interest volunteers can help raise the level of instruc-
tion to higher standards because they start with a higher
level of specialized knowledge than do many traditional
4.H volunteers.

People get natural resources information from a range
of sources, including the media, clubs, and friends. Coop-
erative Extension is in the fortunate position of being able
to teach resource management from a university perspective,
with knowledge soundly based in research. We believe it is
important that this type of information reach the public to
help people understand environmental issues more thor-
oughly. The use of special interest, trained volunteers can
help us reach that goal.






Wildlife and Natural Resources Information and Education

Programs for New York City

MICHAEL J. MATTHEWS, Division of Fish and Wildlife, New York State Department of Environmental Conservation,

Delmar, NY 12054

DOROTHY LEWANDOWSKI, Department of Parks and Recreation, New York City, The Arsenal, 830 5th Avenue, New

York, NY 10021

INTRODUCTION

During the past 10 years, New York State’s Division of
Fish and Wildlife has developed an active Urban Wildlife
Program. The program has completed an attitude and inter-
est survey of urban residents with regard to wildlife (Brown
and Dawson 1978), and an inventory of urban wildlife
habitat within New York State (Matthews and Miller 1980,
Matthews et al. in press). Other projects implemented by
the program include establishing the first urban wildlife
park—Tivoli Lakes, Albany, New York (Miller and Mat-
thews 1978); establishing a wildlife shrub planting program
for urban and suburban backyards; and assorted information
and education programs for the urban public.

Many of these extension and information programs
have been directed towards the New York City area. The
focus on New York City was indeed necessary and timely.
New York City contains almost eight million residents, over
25% of the city land area is still in open space, and most of
this open space is the responsibility of the New York City
Department of Parks and Recreation (NYCDPR). In 1979,
the NYCDPR established an Urban Park Ranger Program
in conjunction with an active revitalization of its massive
park system (Huber and Matthews 1985). Over 100 NYC
urban park rangers combine both patrolling to protect park
patrons and educating the public through interpretive walks
and programs. This fact was responsible for the start of a
sound working relationship between the state and the city.
Through the ranger interpretive program, the Department
of Environmental Conservation (DEC) could provide fac-
tual information on natural resources management. The
interpretive program is perhaps the most innovative and
expansive in the country. All the rangers have ample oppor-
tunity to design and lead programs, and take great pride in

doing so. City parks are ideal classrooms where natural and
man-made environments converge.

DISCUSSION

One new and important development in the ranger
training process is a workshop on urban natural resources
management. This program was instituted and developed
by the DEC Division of Fish and Wildlife’s Urban Wildlife
Program. Starting as a pilot project in 1983, a workshop
was conducted for 16 rangers. Because of its success, the
program was expanded to include all ranger staff. Funding
of the 1984 program was provided through the State’s wild-
life tax contribution program, Return a Gift to Wildlife
(RAGTW). The American Museum of Natural History and
the New York Botanical Garden in New York City provided
conference facilities for the workshops, and New York City’s
Pelham Bay Park, Central Park, and Van Cortlandt Park
served as outdoor laboratories. Lectures at the Museum and
Botanical Garden were followed by afternoon field trips in
the parks. Workshop participants were treated to lectures
by representatives from DEC, National Audubon Society,
American Museum of Natural History, State University of
New York’s College of Environmental Science and Forestry,
Cornell University, New York Botanical Garden, New York
State Wildlife Rehabilitator Council, NYC Department of
Parks and Recreation, and the U.S. Department of the
Interior’s Gateway National Recreation Area. A workbook
also was presented to each ranger that included subjects like
urban forestry, backyard wildlife, urban soils, freshwater
wetlands, animal damage control, and natural history inter-
pretation. Through this cooperative venture, the state and
the city are better able to provide urban residents with a
more complete picture of natural resource management via
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a trained and professional ranger staff. These workshops are
now an important part of the yearly overall ranger training
program.

Formal programs are offered by the rangers during the
school year to school children in grades three to seven.
Created in coordination with the New York City Board of
Education, the programs provide environmental education
for city youngsters and instill in them a positive attitude
toward parks. All topics covered include an activity packet
that the teacher utilizes with the students. Word building
exercises, food chain games, and street tree care activities
are examples. These activities are designed to prepare stu-
dents for the ranger class and park visits. Topics covered
include geology, plants and trees, urban animals, pond life,
salt marshes, park history, appreciation, and design. Last
year over 50,000 students participated in these programs.
With a more streamlined procedure, and the introduction
of the activity packets, the rangers hope to increase the
number of school children they reach.

In 1986, RAGTW provided funds to produce a set of
educational posters and an activity packet. Each poster will
depict an animal in a particular park setting. Crotona Park,
Bronx—black and gray squirrels (Sciurus carolinensis); Van
Cortlandt Park, Bronx—raccoon (Procyon lotor); Central
Park, Manhattan—woodchuck (Marmota monax); Prospect
Park, Brooklyn—black-crowned night heron (Nycticorax
nycticorax); Kissena Park, Queens—ring-necked pheasant

(Phasianus colchicus); and Clove Lake Park, Staten Island—
chipmunk (Tamis striatus). The posters will be distributed
to teachers and school children attending either the Urban
Animals or the Ponds and Lakes program conducted by the
rangers. Each poster will be accompanied by an educational
activity packet prepared by the Urban Park Rangers in
cooperation with the Division of Fish and Wildlife’s Urban
Wildlife Program. This packet will contain activities that
the students and teachers can do on their own to familiarize
themselves with wildlife and its habitat in New York City.
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Attitudes of Urban Residents Toward Avian Species and

Species’ Attributes
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Traditionally, the Washington State Department of
Game, like most other state wildlife management agencies,
has dealt primarily with game species and a clientele of
hunters and anglers. This long-term involvement with a
specific user group and a limited number of animal species
has enabled the Department to accurately gauge opinion
and sentiment regarding management policies and activi-
ties.

Today, nearly three-fourths of Washington residents
live in urban areas. Urbanization probably has led to changes
in perceptions and attitudes among the general public in
the state regarding wildlife, as has been demonstrated in
national surveys by Kellert (1976, 1980).

In response to changing needs and demands of Wash-
ington residents, the Department initiated a Nongame Pro-
gram in 1974 and an Urban Wildlife Program in 1981.
However, relatively little objective information has been
available regarding the non-hunting public’s knowledge and
attitudes concerning nongame wildlife, especially in urban
areas. Such information should be a primary component in
the planning of nongame and urban wildlife management
activities. This is especially true in light of a proposed
statewide initiative that would change the primary source
of Department funding from hunting and fishing license
revenues paid by a specific user group to include an increase
in the state sales tax paid by all Washington residents.

The present study was conducted as part of a larger
project of avian habitat relationships in Seattle (Penland
1984). It was intended to provide preliminary information
regarding knowledge and attitudes of urban residents toward
bird species present in their neighborhoods by comparing
known relative abundances of avian species with residents’
responses to a questionnaire survey.

METHODS

Birds were censused in 54 residential plots among six
Seattle neighborhoods representing a gradient of urbaniza-

tion. The four census periods included two winter seasons
(1979-80 and 1980-81) and two spring seasons (1980,
1981). A questionnaire was distributed at every third house
in each of the plots, with a total of 330 questionnaires
delivered. The census methods and neighborhood descrip-
tions are given in Penland (1984). The questionnaire elic-
ited information regarding species that had been observed
in the neighborhood, as well as attributes of desirable and
undesirable birds.

RESULTS

Bird species that I observed more frequently than 0.5
times per census during at least one of the four seasons in
any neighborhood are shown in Table 1. Six species—
bushtit (Psaltriparus minimus), American robin ( Turdus mi-
gratorius), European starling (Sturnus vulgaris), house spar-
row (Passer domesticus), house finch (Carpodacus mexicanus),
and dark-eyed junco (Junco hyemalis) —were observed at this
minimum frequency in all six neighborhoods. Of these, the
most numerous species in some neighborhoods included the
European starling in Madrona and Ballard (16.8 and 10.4
per census, respectively), the house sparrow in Ballard and
Queen Anne (7.9 and 6.0 per census, respectively), and
the American robin in Queen Anne (5.9 per census). Euro-
pean starlings and house sparrows accounted for 40% or
more of all of the birds seen in four of the neighborhoods
during at least one of the census periods.

A total of 298 (90%) questionnaires were completed
and returned. Of these, 274 (92%) responded to the section
that elicited information regarding species present and attri-
butes of desirable and undesirable species.

Identified Species

Respondents were asked to name all the bird species
that they had observed at some time in their neighborhood
(Table 2). The average number of species named by all

Integrating Man and Nature in the Metropolitan Environment. Proc. Natl. Symp. on Urban Wildl., Chevy Chase, Md., 4-7 November 1986, L.W. Adams and
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Table 1. Highest average number of birds observed per census (percent?) during one of four census periods, Seattle, Washington, 1979-1981.%

More urbanized neighborhoods Less urbanized neighborhoods
Species Ballard Queen Anne Madrona Ravenna North End Central
Band-tailed Pigeon 1.5 ( 8) 8 (5)
Rock Dove 1.0(7D 7(9) 2.7 (14) 1.0 ( 6) 3.6 (27)
Violet-green Swallow 9(CD
(Tachycineta thalassina)
American Crow 1.1 (4 .6 (6) 1.0 ( 6) (5
Black-capped Chickadee 1.1 (7 9(DN
(Parus atricapillus)
Bushtit 5(4) .6 (5 1.1 ( 5) 3.7 (28) 1.8 (10) 2.7 (18)
American Robin 4.1 (18) 5.9 (26) 3.8 (13) 2.2 (17 2.4 (13) 4.1 (31)
European Starling 10.4 (45) 9.1 (40) 16.8 (57) 2.1 (16) 2.8 (16) 2.0 (15)
Yellow-rumped Warbler L1(7
{Dendroica coronata)
House Sparrow 7.9 (55) 6.0 (44) 3.8 (20) 4.5 (43) 4.8 (27) 2.0 (16)
Evening Grosbeak 8(4) 6 (4
(Coccothraustes vespertinus)
House Finch (5 1.3 (9 1.8 (10) 5(5) 1.4 ( 8) 5(4)
Pine Siskin 9(8 1.4 (9
(Carduelis pinus)
Dark-eyed Junco 1.4 ( 6) 1.3 (10) (4 9 (12) 2.7 (16) 1.2 (9)
Song Sparrow 9 (6)
(Melospiza melodia)
Total® 28 28 33 32 46 36

2Percent of total birds (all species) observed during the census period.
bBirds observed less frequently than 0.5/census are omitted.
“Total number of species observed during the study period.

respondents was 4.6. Only six (2%) respondents named
more than 10 species. The average number of species observed,
including unidentified species, was 6.4 among all respon-
dents. Seven percent of the respondents could list no birds
observed in their neighborhood. American robins were most
frequently identified, with 84% of the respondents listing
this species. The American crow (Corvus brachyrhynchos)
ranked second, with 74% of all respondents naming this
species. The third and fourth most frequently cited species
were the house sparrow (59%) and European starling (43%).
Other species that were frequently named included the Steller’s
jay (Cyanocitta cristata) (25%), rock dove (24%), swallow
(15%), hummingbird (15%), chickadee (11%), and finch
(10%).

Two species were unevenly distributed among the
neighborhoods—band-tailed pigeons (Columba fasciata),
limited to North End and Central neighborhoods, and rock
doves, most common in Madrona and Central neighbor-
hoods—and were proportionally cited by residents in those
neighborhoods.

Several species were named more frequently than would
have been predicted by their known relative abundances. |
infrequently censused hummingbirds, yet they were named

in all neighborhoods, and by 15% of all respondents. Simi-

larly, I found American goldfinches (Carduelis tristis) on just
a few occasions during 2 years of censusing, yet this species
was named in all but one neighborhood, and by 6% of all
respondents. Woodpeckers and Steller’s jays were infre-
quently encountered during my censuses, especially in the
more highly urbanized neighborhoods. Yet these birds were
named in nearly all neighborhoods and by a relatively large
percentage of the respondents, including those in Queen
Anne and Madrona where no Steller’s jays were found dur-
ing my censuses. Finally, American crows were named more
frequently than might have been predicted by their known
relative abundance, especially in the highly urbanized
neighborhoods of Ballard and Queen Anne, where they were
rarely observed.

Some species were named less frequently than would
have been predicted by their known relative abundances.
European starlings were most abundant in Madrona, yet far
fewer residents named starlings there compared to residents
in other neighborhoods. Dark-eyed juncos and bushtits were
named less frequently than expected, especially by residents
in the North End neighborhood. These two species were
either the fourth or fifth most common species I censused
among all neighborhoods during the two winter census peri-
ods, yet they were named by only 6%—7% of all respondents.
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Desirable Species and Species Attributes

Residents were asked which species they considered
desirable to have in their neighborhood and the attributes
of these desirable birds (Table 3). Eighty percent of the
respondents said that there were desirable bird species in
their neighborhood. However, most respondents listed fewer
than two specific desirable species. The American robin was
cited far more frequently than any other species, with 52%
of all respondents stating this was a desirable species. The
only other species considered desirable by more than 10%
of the respondents was the house sparrow. This was due to
the large percentage (29%) of the residents in Ballard who
favored the species. Some 37% of the respondents said that
they liked having all or most species of birds found in their
neighborhood.

With regard to desirable characteristics, approximately
half of the respondents said they liked the antics of birds
while feeding, the grace of flying birds, or other behavioral
characteristics (Table 3). Some 41% of the respondents
indicated that the color of birds was an important attribute.
Birds with pleasant songs or calls were desired by 35% of
the residents. Other attributes cited by respondents were
consumption of insects and weed seeds (19%), small size
(16%), and the absence of offensive characteristics (7%).

Undesirable Species and Species’ Attributes

Residents were asked which species and species’ attri-
butes they considered to be undesirable (Table 4). More
than three-fourths of the respondents in Madrona and Cen-
tral neighborhoods indicated the presence of undesirable

Table 2. Birds identified at some time during the year by at least 10% of neighborhood respondents in one or more neighborhoods, expressed as the percent

of total respondents in each neighborhood, Seattle, Washington, 1979-1981.

More urbanized neighborhoods Less urbanized neighborhoods
Queen North

Species Ballard Anne Madrona Ravenna End Central Total
Hawk, sp. 12 1 1
Gull, sp. 7 11 6 3 1 17 6
Band-tailed Pigeon 10 6 4
Rock Dove 31 22 59 10 14 61 24
Hummingbird, sp. 14 12 13 23 6 15
Northern Flicker 3 8 11 6

(Colaptes auratus)
Woodpecker, sp. 3 6 12 3 11 33 8
Swallow, sp. 20 11 12 13 14 11 15
Steller’s Jay 17 24 22 41 61 25
American Crow 71 69 88 72 75 78 14
Chickadee, sp. 12 11 5 14 22 11
Bushtit 1 3 13 6 11 7
American Robin 85 92 94 78 81 89 84
Cedar Waxwing 3 3 2 11 3

(Bombycilla cedrorum)
European Starling 54 64 12 43 33 44 43
House Sparrow 64 75 47 55 52 67 59
Grosbeak, sp. 2 1 11 2
Finch, sp. 7 11 12 13 8 17 10
American Goldfinch 12 3 12 6 6
Rufous-sided Towhee 5 11 6 5

(Pipilo erythrophthalmus)
Dark-eyed Junco 3 3 12 7 6 6
“Blackbird” 3 6 12 8 2 5
None identified 3 3 12 8 6 7
Mean number identified 3.9 4.2 4.1 4.7 4.8 5.8 4.6

(xS.D.) +2.0 +2.2 +2.2 +4.8 +3.8 +48 +3.3
Mean number observed, 5.1 5.8 5.7 6.7 6.4 8.4 6.4

including unidentified +2.7 +3.1 +3.0 +53 +4.7 +5.6 +4.1

(xS.D.)
Number of respondents 59 36 17 60 84 18 274
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Table 3. Species and attributes identified as desirable by respondents, expressed as the percent of respondents who stated that there were desirable bird species

in their neighborhood, Seattle, Washington, 1979-1981.¢

More urbanized neighborhoods Less urbanized neighborhoods
Queen North
Species Ballard Anne Madrona Ravenna End Central Total
Hummingbird, sp. 2 3 4 3 6 4
Woodpecker, sp. 7 3 6 2
Swallow, sp. 5 7 2 6 3
Steller’s Jay 14 11 5
American Crow 2 7 2 3 3
Chickadee, sp. 2 4 5 11 4
American Robin 54 66 43 35 41 44 52
House Sparrow 29 14 4 5 11 12
Finch, sp. 2 6 2
Dark-eyed Junco 7 4 3
Unidentified species 2 7 29 4 3 17
All or most species 29 21 7 44 36 22 37
Desirable characteristics
Behavior 56 62 86 42 23 50 52
Color 32 35 64 48 24 33 41
Song, call 39 24 14 31 35 39 35
Consume insects 22 14 21 15 28 19
Small size 5 7 8 16
Not offensive 2 18 6 7
Indefinite, or 29 10 29 23 29 22 28
other response
No response 20 17 10 21 22 19
Query regarding presence of desirable bird species in respondent’s neighborhood:
Answering “Yes” (%) 70 81 82 87 79 100 80
Answering “No” (%) 22 6 12 3 8 10
No response (%) 9 14 6 10 13 10
Number of respondents 59 36 17 60 84 18 274

2Species mentioned by fewer than 5% of the respondents in all neighborhoods are omitted.

species, and 57% of all respondents said there were unde-
sirable birds in their area.

The American crow was disapproved by a majority of
those who indicated the presence of undesirable species.
This included 84% of the respondents in the North End
neighborhood. The European starling was considered unde-
sirable by 34% and the rock dove by 24% of the respondents.
Disapproval of the rock dove was highest in the Madrona
(54%) and Central (71%) neighborhoods, where this spe-
cies is most common.

Noise was the most disliked avian attribute, being cited
by 63% of the respondents. Residents in the North End
neighborhood cited this characteristic most frequently, with
an 86% disapproval. The mess associated with nests and
roosts on or near houses was cited by 57% of the respondents,
with the highest percentages coming from residents in more
highly urbanized neighborhoods. The negative effect some

species have on other birds, including predation on eggs and
young, interference at birdfeeders, and general harassment,
also was cited by a majority of the respondents. Other
undesirable attributes included consumption of fruit and
garden produce (12%), overwhelming numbers (11%), and
damage to the house (4%).

DISCUSSION

The number of bird species named or observed by
respondents was quite low, especially considering that [
censused up to 46 species in one neighborhood and a min-
imum of 28 species among all neighborhoods. This parallels
the limited knowledge of animals found by Kellert (1980)
on a national scale. The American robin appears to be of
special interest to urban residents in western Washington,
because it was the most frequently identified and was con-
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Table 4. Species and attributes identified as undesirable by respondents, expressed as the percent of respondents who stated that there were undesirable bird

species in their neighborhood, Seattle, Washington, 1979-1981.2

More urbanized neighborhoods Less urbanized neighborhoods
Queen North
Species Ballard Anne Madrona Ravenna End Central Total
Rock Dove 29 30 54 8 4 71 24
Steller’s Jay 4 4 14 3
American Crow 54 30 39 58 84 50 59
American Robin 3 8 2
European Starling 51 40 8 39 27 21 34
House Sparrow 10 4 4 3
“Blackbird” 5 8 2 3
Unidentified 8 2 1
All or most species 15 4 3
Undesirable characteristics
Noise 69 20 39 58 86 64 63
Dirty, messy 71 75 77 39 33 71 57
Negative effects on 77 40 15 50 45 43 52
other bird species
Consume fruit/garden 3 5 15 23 16 12
produce
Great numbers 11 30 15 15 4 11
Damages house 5 1 4
Other response 3 5 23 12 29 10
No response 6 5 2 2
Query regarding presence of undesirable bird species in respondent’s neighborhood:
Answering “Yes” (%) 59 56 7 43 58 78 57
Answering “No” (%) 41 42 23 50 41 17 40
No response (%) 3 7 1 6 3
Number of respondents 59 36 17 60 84 18 274

*Species mentioned by fewer than 5% of the respondents in all neighborhoods are omitted.

sidered the most desirable species. Other investigators (Brown
et al. 1979, Kellert 1980, Snyder and George 1981) have
found similar attractions for robins.

Species that were observed and remembered at fre-
quencies proportionally greater than their relative abun-
dances often were large or noisy birds and were frequently
associated with urban wildlife problems. Two other species
not fitting this description, but which were frequently
observed, may represent special cases of unusual size and
behavior (hummingbird) and bright color (American gold-
finch). It also is probable that other more common warblers,
notably the Wilson’s warbler (Wilsonia pusilla), were incor-
rectly identified as American goldfinches. No definite expla-
nation for the low frequency of starling sightings in the
Madrona neighborhood can be offered; they may have been
overshadowed by the numbers of larger American crows and
rock doves.

Species that were observed less frequently than expected
were small, generally nondescript birds. These probably
were often the species that were observed but not named by

residents, because people frequently asked me about the
identification of bushtits and dark-eyed juncos.

The public’s inability to name many species and their
failure to distinguish many neighborhood species do not
appear to be reflected in their interest in urban birds. A
substantial majority of respondents reported the presence of
desirable species, even among the smaller group of those
who had experienced problems with some bird species. Simi-
lar attitudes have been found by Brown et al. (1979), Kellert
(1980), Snyder and George (1981), Witter et al. (1981),
and Shaw and Mangun (1984).

Despite the fact that house sparrows frequently con-
struct their nests in houses, create untidy conditions around
the nest site, usurp nest boxes from native bird species,
occur in large flocks during most of the year, and have no
pleasant song or call (all of which were identified as unde-
sirable attributes), more people considered the species to be
desirable than undesirable. An even stronger (73%) favor-
able attitude regarding house sparrows was found by Dagg
(1974) in Waterloo, Canada. The relatively small size of
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house sparrows was probably their redeeming feature, because
the most frequently cited attributes for those approving of
house sparrows were their behavioral characteristics and
“cuteness.”

CONCLUSIONS

Wildlife management agencies are, from the point of
view of urban residents, dealing with animals in increasingly
remote natural environments and basing their programs on
principles of ecology that are not understood by this growing
majority of the U.S. population. These changes are likely
to result in a decline in the proportion of residents who
identify with the programs of their state’s wildlife agency
and who feel that the agency represents their interests. This
can have serious consequences if the wildlife agency must
rely on the decisions these urban residents make regarding
support for legislative or financial proposals that affect the
agency. Urban wildlife programs provide the opportunity to
win this support. One of the primary functions of these
programs should be to lessen the gap between the public’s
interest and its knowledge regarding wildlife. Educational
programs and activities, such as newspaper columns, classes
and workshops, backyard sanctuary programs, species iden-
tification posters, winter feeding publications, birdhouse
construction manuals, and other means to address the infor-

mational needs of the public, should be central to urban
wildlife programs.
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Past assessments have been made of the public’s knowl-
edge and understanding of wildlife, selected wildlife man-
agement issues, and basic biological, taxonomic, and natural
history characteristics of animals in general (Taylor and
Samuel 1975, Kellert 1980, LaHart 1981, Byford and Mun-
sey 1984, Kellert 1985, Westervelt and Llewellyn 1985).
The particular audiences targeted in those studies respec-
tively were teachers; a national sample of respondents 18
years and older; eighth graders; 4-H conference alumni com-
pared to a cross section of the American public; second,
fifth, eighth, and eleventh graders; and fifth and sixth grade
students. Each study attempted to develop some association
between respondents’ wildlife knowledge and attitudes toward
wildlife, demonstrated degrees of variation in the wildlife
knowledge of groups sampled, and alerted the profession to
a critically low level of public knowledge of the biology,
taxonomy, and natural history of wildlife or its management.

The present study measured the wildlife knowledge of
urban high school students regarding selected mammals. It
was a departure from earlier studies in terms of the types of
questions used to measure respondents’ wildlife knowledge,
audience addressed, and purpose of the study. For example,
our study focused on urban high school students’ ability to
identify 16 mammals and to answer the same four natural
history questions concerning each mammal rather than cover
the broad range of wildlife knowledge questions posed by
Kellert and Berry (1980). The current study also provides
information concerning the level of public wildlife knowl-
edge and identification of the educational programming
required to correct the revealed misinformation on the selected
mammals.

STUDY AREA AND METHODS

Harris County is in the east-central section of Texas,
within the habitat zones known as the upper and lower
coastal plains (U.S. Fish and Wildl. Serv. 1979). The human
population of 2,409,547 is greater than that of any of the
other 253 counties in Texas. Population density is 1,390
people per square mile. Ninety-six percent of Harris County
residents live in urban areas and the urban population grew
nearly 40% from 1970 to 1980. Natural areas consisting of
municipal parks, refuges, lakes, and reservoirs constitute
only 4% of the total county acreage (Clements 1984).

A multiple-choice test was constructed to measure the
identification and natural history knowledge of 16 mammals
by biology students (N = 213 and 277) enrolled during the
1985 academic year in two urban high schools in Harris
County. Biology students were chosen as those who would
be the most informed on test components when compared
to students in other classes. The test consisted of a series of
equally scaled black-line drawings of the cottontail rabbit
(Sylvilagus floridanus, fox squirrel (Sciurus niger), opossum
(Didelphis virginiana), bobcat (Lynx rufus), red fox (Vulpes
vulpes), white-tailed deer (Odocoileus virginianus), raccoon
(Procyon lotor), house mouse (Mus musculus), mink (Mustela
vison), beaver (Castor canadensis), plains pocket gopher
(Geomys bursarius), red bat (Lasiurus borealis), striped skunk
(Mephitis mephitis), buffalo (Bison bison), armadillo (Dasypus
novemcinctus), and cougar (Felis concolor). Students identi-
fied each animal by choosing its common English name from
a multiple-choice list of all sixteen mammals. All animals
were present or past endemics of Harris County.

Integrating Man and Nature in the Metropolitan Environment. Proc. Natl. Symp. on Urban Wildl., Chevy Chase, Md., 4-7 November 1986, L.W. Adams and
D.L. Leedy, eds. Published by Natl. Inst. for Urban Wildl., 10921 Trotting Ridge Way, Columbia, MD 21044, 1987.
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Students then answered a series of four multiple-choice
questions on each animal including: (1) what it primarily
eats, i.e., meat only (including insects), plants only, both
plants and meat, or rotting plants and meat; (2) its level of
abundance within Harris County, i.e., extinct, rare, abun-
dant, or never existed in this county; (3) its average weight,
i.e., < 1 pound (454 g), > 1 pound (454 g) but = 25 pounds
(11.4 kg), >25 pounds (11.4 kg) but = 50 pounds (22.7
kg), or > 50 pounds (22.7 kg); and (4) the impact of
urbanization on the animal’s abundance, i.e., abundance
increased, decreased (but animal still exists), remained about
the same, or animal has become extinct. Answers to ques-
tions 1 through 4 were verified based on information from
Davis (1978), Flyger (1974), Chamberlain et al. (1982),
Flyger et al. (1983), Gore and Reagan (1985), and personal
communications with C. Winkler and B. Thompson, Wild-
life Division, Texas Parks and Wildlife Department and M.
Mendoza, Rodent and Predatory Animal Control Service,
San Antonio, Texas. Test scoring was based on the values
1 or O for correct and incorrect responses, respectively.

RESULTS

T-tests of mean scores between schools (46.99 and
47.21) were not significantly different (P = 0.722). There-
fore, the combined average score of 47% was used as the
cut-off point to designate whether the student population
sampled was informed (above the average) or uninformed
(at or below the average) concerning the identification,
weight, present numbers, eating habits, and effect of the
presence of people on each of the 16 mammals used in the
study.

Students were most knowledgeable of the cottontail
rabbit and least knowledgeable of the opossum, based on
total scores for each mammal (Table 1). Even though the

majority of students could identify all but one (the opossum)
of the 16 mammals illustrated, they demonstrated a pro-
gressively greater level of difficulty in answering the four
natural history questions on each (Table 1). This may be
attributed to a progressive sophistication of knowledge required
by each question. These data suggest that urban high school
students were most uninformed on the eating habits of eight
mammals and the effect of urbanization on the abundance
of 12 of the 16 mammals. Students appeared to be especially
unaware of the positive influence of alternative food and
shelter provided through urbanization on the numbers of
mice, raccoons, skunks, bats, squirrels, and opossums, thus
identifying needed public educational programming on the
ecological relationships of urbanization and species abun-
dance.

Student Misinformation on Wildlife

Name.—The majority of students incorrectly identified
the opossum as a rat (60%); a mouse (5%); or a mink, bat,
pocket gopher, beaver, or bobcat (<1%). Even though the
pocket gopher was correctly identified by 61% of the stu-
dents it also received an array of incorrect names ranging
from opossum (22%); beaver (5%); rat or mink (4%); bat
(2%); armadillo or mouse (1%); or cougar, skunk, rabbit or
bobcat (<1%). The fox was correctly identified by 76% of
the students but others incorrectly called it a wolf (22%);
mink or bobcat (1%); or armadillo, cougar, deer, bat, squir-
rel, or beaver (<1%).

Weight. —The majority of students incorrectly esti-
mated the weight of the pocket gopher as > 1 but < 25
pounds (69%), rather than < 1 pound (10%); bobcat and
fox as > 25 but < 50 pounds (47%), rather than > 1 but
< 25 pounds (13% and 17% respectively); and the beaver
as > 1 but < 25 pounds (72%), rather than > 25 but < 50
pounds (21%).

Table 1. Urban high school students’ knowledge of 16 mammals, Harris County, Texas, 1985.*

Name % Weight % Number % Eat % Effect % Sum Score

Squirrel 99 Buffalo 97 Squirrel 84 Rabbit 89 Deer 73 Rabbit 407
Rabbit 99 Cougar 88 Mouse 83 Bobcat 84 Buffalo 63 Deer 380
Deer 99 Deer 87 Rabbit 81 Cougar 81 Rabbit 50 Buffalo 356
Raccoon 99 Rabbit 87 Armadillo 67 Fox 75 Fox 50 Cougar 346
Bat 97 Skunk 83 Fox 61 Squirrel 70 P Squirrel 338
Buffalo 97 Mink 80 Deer 60 Deer 62 Cougar 47 Mouse 319
Armadillo 96 Armadillo 71 Skunk 59 Raccoon 60 Gopher 47 S —
Bobcat 96 Mouse 76 Opossum 57 Bat 53 Armadillo 46 Armadillo 298
Skunk 96 Raccoon 76 Beaver 56 B — Beaver 44 Bobcat 286
Cougar 95 Squirrel 4 Gopher 55 Buffalo 46 Bobcat 42 Fox 279
Mouse 90 Bat 55 Buffalo 53 Beaver 43 Mouse 41 Raccoon 274
Mink 88 Opossum 52 Bobcat 51 Gopher 42 Mink 30 Mink 256
Beaver 85 Opossum 40 Opossum 25 Bat 254
Fox 76 Beaver 21 Mink 41 Mouse 29 Squirrel 11 Skunk 252
Gopher 61 Fox 17 Bat 38 Mink 17 Bat 11 Beaver 249
e — Bobcat 13 Raccoon 37 Armadillo 12 Skunk 7 Gopher 215
Opossum 34 Gopher 10 Cougar 35 Skunk 7 Raccoon 2 Qpossum 208

*Knowledge determined by percent correct scores on each mammal's name, weight, present numbers, eating habits, and the effect of the presence of people on its abundance, and by the sum score for each

mammal. (N = 490 students).
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Number Within County.—Many students felt incor-
rectly that the mink was extinct (28%), abundant (7%), or
never existed (25%), rather than rare (40%) in Harris County,
Texas. The bat was wrongly considered extinct (10%), rare
(48%), or never existed (4%), rather than abundant (38%).
The raccoon was incorrectly designated extinct (4%), rare
(56%), or never existed (2%), rather than abundant (38%).
Cougar numbers were wrongly considered rare (37%), abun-
dant (6%), or never existed (22%), rather than extinct
(35%) in Harris County.

Primary Eating Habits.—Urban high school students
were uninformed on the eating habits of eight of the 16
mammals used in the study (Table 1). The buffalo, pocket
gopher, beaver, and mouse should have been identified as
herbivores. Comparatively, between 7% and 23% of the
students incorrectly identified the primary eating habits of
these mammals as carnivores, 27% to 34% said they were
omnivores, and 4% to 28% said these mammals were sap-
robes. The opossum was identified correctly as an omnivore
by less than half (40%) of the students tested and incorrectly
as a saprobe (29%), herbivore (18%), or carnivore (13%).
The primary eating habits, i.e., meat only (including insects),
of the skunk, mink, and armadillo were correctly identified
by an extremely small percentage of students. Many students
incorrectly identified the skunk as an herbivore (43%),
omnivore (34%), or saprobe (16%); the armadillo as an
herbivore (42%), omnivore (30%), or saprobe (16%); and
the mink as an omnivore (45%), herbivore (26%), or sap-
robe (11%).

Effect of Urbanization.—Urban students also were unin-
formed on the effects of people on the relative numbers of
12 of the 16 mammals used in the study (Table 1). Over
half (53%) did not know that, as a result of the presence of
people, the cougar is presently extinct in Harris County,
Texas. Conversely, between 59% and 98% of the students
did not know that urbanization promotes an increase of
house mice, opossums, squirrels, bats, skunks, and raccoons
due to the provision of alternative food and/or shelter resources
(Flyger 1974, Chamberlain et al. 1982, Flyger et al. 1983).
Between 53% and 69% of the urban students tested were
unaware of the relationships among urbanization, loss of
habitat, and resultant decreases in the numbers of the pocket
gopher, armadillo, beaver, bobcat, and mink. Rather, 4%
to 41% of the students felt that these mammals were now
extinct in Harris County, Texas.

DISCUSSION AND IMPLICATIONS

Kellert (1985) reported that the general public pos-
sesses a limited knowledge of animals. The results of our
study agree with Kellert’s findings. Further, our results dis-
courage false assumptions of an enlightened public concern-
ing wildlife and we hope they will provide important guid-
ance in wildlife education program development. The majority

of urban high school students surveyed in this study seemed
to lack an ecological view of wildlife. Over 80% of the
students tested lived in a suburb or a major city most of their
lives. Their minimal ability to identify the eating habits of
eight of the 16 mammals and the effect of the presence of
people on the relative abundance of 12 of the 16 mammals
may reflect a lack of contact with wildlife given their life-
time residency in an urbanized environment and related life
style. It is probably quite difficult for these students to
understand the basic ecological principles of food chains
and interrelationships without prior knowledge of the eating
habits of common representatives of herbivores, carnivores,
and omnivores, and knowledge of the effect of urbanization
on wildlife habitat. Clearly, future wildlife education pro-
gram development for the urban resident should emphasize
the basic ecological principles of cycles, interrelationships,
and diversity exemplified with human-wildlife interactions,
and include wildlife-related activities using species common
to the urban environment.
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In recent years, a great deal of effort has gone into
establishing a global system of wildlife reserves. The gen-
erally accepted goal is to maintain representative samples of
the world’s major plant and animal communities in a pro-
tective status. The work of the biosphere reserves program
carried on by Unesco’s Man and the Biosphere Project 8
and the Commission on National Parks and Protected Areas
of the International Union for Conservation of Nature and
Natural Resources (IUCN) are important initiatives in this
direction.

Although this is an extremely important effort, indeed
one that is essential for maintaining the global gene pool,
it is beset by a number of conceptual difficulties. One of
these is simply the problem of grouping the world’s plant
and animal communities. Nature has few sharp dividing
lines and any system of grouping is necessarily arbitrary to
some degree. There are any number of ways of categorizing
biotic communities, but the lines we draw between them
are necessarily somewhat fuzzy. The finer the distinctions
we make, the larger the number of categories we end up
with and the less likely it is that enough reserves can be
established to include every community. Conversely, if larger
groupings are used, then any number of species that exist
on the peripheries of communities are likely to be left out.

And, even if the groupings are large, and the resulting
number of communities therefore relatively few, the likeli-
hood of establishing enough permanent reserves in the near
future is not great. Even using very coarse categories, such
as “tropical humid forests” and “temperate grasslands,” [UCN
(1980) identified 14 major ecosystem types in the world for
which there are either no reserves or inadequate reserves.

Furthermore, even if a full range of reserves can be
achieved, they will still include relatively limited areas of

land, which will limit the opportunities for speciation to
occur. Although the implications of this are little under-
stood, it seems undesirable to limit the diversity of environ-
ments in which a community or species occurs and thereby
to limit the likelihood of the chance mutation that brings
evolutionary change.

For these and other reasons, then, we cannot rely
entirely on any system of reserves to maintain the integrity
of the global gene pool. Rather, providing suitable condi-
tions for plant and animal communities is a goal for every
landscape everywhere, including urban, suburban, and rural
landscapes, and a goal that should be seriously pursued at
every level of environmental planning and design. Ideally,
every regional plan, urban general plan, and design for a
city park or a backyard should include specific provisions for
wildlife habitat. To date, this has not been commonly done,
except in some instances involving rare or endangered spe-
cies. If planners and designers are to respond to this chal-
lenge, we need to establish some approaches and a broad,
useful conceptual basis for planning and design for wildlife.
The rest of this paper will present a tentative operational
system toward that end.

BASIC NEEDS OF WILDLIFE

The two general goals of wildlife management are usu-
ally summed up as species richness and featured species
enhancement (Leopold 1933). The former involves general
management practices, whereas the latter requires specifi-
cally focused practices. It is important to keep in mind that
these two goals can conflict. By designing for diversity, we
might eliminate a particular species, and by designing for
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one species, we can limit diversity. Although some situa-
tions, especially those involving rare or endangered species,
which are protected by federal law, require that we design
for featured species, it is much more common and generally
more desirable to design for species richness. That is, the
most important goal usually is to preserve or enhance, or to
establish the integrity of the biotic community. In planning
terms, we do this by preserving, enhancing, or establishing
suitable habitats, and the first step toward accomplishing
that is by providing for basic needs of wildlife. These needs
include food, cover, water, and territory, and the require-
ments of each species are at least slightly different from
those of any other. Because the requirements for food and
cover are provided primarily by plants, control over wildlife
populations is exerted largely through control of vegetation,
that is, by what species are planted and in what form. In
arid and semiarid cities, wildlife diversity is almost directly
proportional to the amount of water available. In other
areas, water is less critical but still important. Planning for
wildlife, therefore, goes hand in hand with planning the
water regime.

Of the major wildlife needs, the requirement for ter-
ritorial space is the least understood. We know that many
animals need territories to call their own, and that the need
generally has to do with mating and hunting. As a result of
the apparent rigidity of territorial requirements and the
variable amounts of space available in cities, the more ter-
ritorial species, particularly larger species, seem to be at a
distinct disadvantage in environments dominated by human
beings. When more is known about territorial behavior, it
may turn out to be the most limiting of urban wildlife
requirements. No matter how many ways we find to increase
supplies of food, cover, and water, space will always be at a
premium.

HABITAT TYPES

A habitat is a place where the full range of the require-
ments of a particular species is provided. For landscape
planning purposes, we can distinguish six fundamentally
different habitat types, all differing in size, form, population
potentials, and management practice. These are wild areas,
wild patches, wild enclaves, corridors, exotic greens, and
wildlife parks. Although the first type probably plays the
key role in preserving the global ecosystem structure, the
other types play important roles as well. The last four com-
monly occur in urban areas, and they present particular
challenges for wildlife management. In general, the smaller
the area, the more intensive the management needed.

Wild Areas

Wild areas are stretches of land not radically altered by
human use and large enough to provide a habitat for the full
range of species native to that location. In the United
States, such areas are usually public lands, including national

parks and forests, and lands administered by the Bureau of
Land Management. Considering their size and importance,
wild areas are usually planned at the subcontinental or global
scale.

Management practices in natural areas are primarily
directed to keeping human uses under control, usually by
restricting the numbers of users, areas of use, and types of
use. Areas that are logged and mined are regulated to keep
the impacts of those activities on wildlife to a mimimum.
In the United States, wilderness areas and wildlife refuges,
along with several other categories, are special types of wild
areas in which human use is even further restricted in order
to maintain the areas’ primordial features.

How large should a wild area be? If they are to serve as
habitats for the full range of wildlife species, including the
top carnivores, quite large areas of land would seem to be
implied. Minimum sizes probably vary according to the
range needed for the top carnivore in each particular habi-
tat. Sullivan and Shaffer (1975) estimated that the mini-
mum size for the usual full-range wildlife reserve should be
between 600 and 700 square kilometers (about 150,000 to
175,000 acres). This is based on providing enough space for
at least a few individuals of the top carnivore species. Esti-
mates indicate that each grizzly bear needs about 75 (18,500
acres), each wolf about 60, and each mountain lion about
95 square kilometers. The needs.of other top predators are
probably within the same range. Because eight, or even 12,
individuals is a very small number, however, and probably
not enough to maintain a population indefinitely, this has
to be considered a very risky minimum. IUCN (1980) rec-
ommended a minimum area of 1,000 square kilometers (about
250,000 acres). In practice, few wild areas, especially in the
densely settled European countries, are this large.

Given the state of the world’s development, virtually
all wildlife habitats, even wild areas in this size range, are
surrounded by human activity; they are all islands. Wild
areas, however, are more like continents in that they appear
to be boundless, at least from within. In the sense that the
number of species they can support is not limited by their
extent, moreover, they are indeed boundless. The other
types of habitat, being seriously limited by their extent, are
clearly islands.

This island character is important in considering the
wildlife population potential of any landscape. MacArthur
and Wilson’s (1967) theory of island biogeography provides
some guidance. These authors showed that an island devel-
ops a community over time that includes a more or less
constant number of species. Some species die out, while
others migrate in, the number of extinctions equaling the
number of immigrations. The rate of extinction correlates
with island size; the smaller the island, the larger the number
of extinctions per unit area. The immigration rate correlates
with the distance to the origins of the migrating species; the
closer the island is to other islands, the more new species
are likely to arrive. Thus, although there are exceptions,
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the larger the island, the larger the number of species it is
likely to support.

Wild Patches

Wild patches are large enough to be self-maintaining
systems with working feedback loops to control their pop-
ulations as ecologically complete as any area can be without
top predators. Usually, they are set aside because of envi-
ronmental characteristics particularly attractive to wildlife.
Usually, they require considerably more intensive manage-
ment than do wild areas.

Among the best known and most dramatic wild patches
in the United States is Jamaica Bay, a 19,200-acre (7,776-
ha) marsh less than 10 miles (16.1 km), as the egret flies,
from Times Square, New York. Wild patches are usually
managed for high levels of species diversity and for large
populations. The intensity of management varies, and Jamaica
Bay is one of the more intensively managed. Herbert John-
son, who was its superintendent from the time it was named
a wildlife refuge in 1953 until the early 1970s, made it a
model of the use of urban resources to benefit nonhuman
populations. A few examples of his inventive responses to
urban change help to illustrate the richness of design pos-
sibilities. In the early 1950s, the old railroad trestle over
the bay burned, and the Transit Authority proposed to build
in its place a new embankment on which to run an extension
of the subway. The Parks Department agreed, on the con-
dition that, while dredging, they would build two circular
dikes that would be filled with fresh water, thereby creating
a new type of environment and considerably expanding the
number of species attracted to the area. Once the dikes were
in place, they were stabilized with plantings of marshgrasses
and other plant species favored by the birds. At the same
time, sewage sludge was pumped into the lagoon to cover
an island called Canarsie Pol. Marshgrasses quickly invaded
this rich new land and made an ideal nesting environment
for shorebirds.

Over the years, Johnson planted a variety of trees and
shrubs that were particularly favored by certain bird species.
Among those planted were the autumn olive, Russian olive,
chokeberry, holly, and Japanese black pine. There was no
intention to provide a purely native landscape. Rather, it is
one designed specifically to accommodate the greatest pos-
sible number of bird species. The results are spectacular.
Over three hundred bird species are seen in the bay in a
typical year, far more than would have appeared there in its
natural state.

Wild patches this close to urban areas usually lead
precarious lives. In the late 1960s, Kennedy Airport, which
lies adjacent to Jamaica Bay, proposed to expand its runways
in a manner that would have seriously reduced wildlife
populations. After a public furor and an exhaustive impact
analysis by an interdisciplinary group, the plan was aban-
doned. In 1972, Jamaica Bay became part of the newly
created Gateway National Recreational Area and thus was

gathered under the wing of the National Park Service. Since
then, the number of urban wilds under Park Service control
has grown considerably, and the results have been promis-
ing. Nevertheless, urbanization continues to make
encroachments. It now appears that the entire edge of the
bay will become a ring of subsidized housing within a few
years. The vitality of the refuge will probably depend on the
design of this critical edge.

Wild Enclaves

Wild enclaves are smaller than patches, not large enough
to be self-sustaining systems but still able to support signif-
icant wildlife populations and important for that reason.
Sometimes rich habitats manage to survive all the threats
and encroachments of surrounding human use and become
small spots of wildlife diversity in the midst of cities or
farms. Almost invariably, these areas have some exceptional
feature that makes them especially attractive to animals,
and more often than not, that feature is water. Ponds,
streams, marshes, even drainage ditches, usually support
rich populations. Among the richest are marsh enclaves,
which are invariably alive with waterfowl and other species
that thrive around water. Too often, they are continually
threatened with obliteration.

In Southern California, the 11-acre (4.5-ha) Madrona
Marsh is such an area. This freshwater marsh, which is
surrounded by intensive urbanization, supports a rich pop-
ulation of microscopic and macroscopic plants and inver-
tebrates, amphibians and reptiles, and, in particular abun-
dance, migratory waterfowl and resident birds. The small
size and the character of the surrounding uses required a
complex design process and will require an equally complex
management process (Earle 1975).

Systems that identify critical zones provide a strong
basis for resolving conflicts and for future control. Consid-
ering the precarious existence of most enclaves in the midst
of high land prices and urban exigencies, strong conflicting
purposes, and volatile emotions, processes of this kind are
much needed.

Most enclaves have survived as a result of historical
accidents, and we can expect that sooner or later pressures
for “higher and better uses” will be brought to bear. The
Madrona Marsh continues to exist as an inadvertent byprod-
uct of oil extraction. Some enclaves are the remains of man-
shaped environments that have been reclaimed by natural
succession.

In regions whose natural vegetation is dense forest, we
sometimes find small stands of native woodland surviving
in the cities. Though too small to support complete com-
munities of animals, these often feature heavy concentra-
tions of small birds and mammals. A venerable example of
this sort of enclave is Wimbledon Common in a suburban
area near London, England, which has become a unique
kind of urban open space. According to landscape architect
[an Laurie (1979), the cost of maintaining Wimbledon
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Common is far less than the cost of maintaining highly
developed London parks.

Wild Corridors

In general, the longer the available route of movement
in an area, the greater will be the diversity of wildlife. In a
large natural area, the number of routes can be almost
infinite. But between smaller ones that are not too far apart,
and certainly between patches and enclaves, corridors of
natural landscape can expand the possibilities of movement
in relatively little space. Interconnection by corridors pro-
vides an increased array of possibilities for wildlife move-
ment and habitat choice, and is particularly useful for
expanding the potentials of the smallest areas and reducing
the island effect. Corridor systems are best considered at the
regional level.

Urban and rural landscapes are characteristically laced
with networks of various kinds, some of which can be fairly
easily adapted to attract wildlife. Waterflow networks are
perhaps the best, because they provide not only water but
the abundant vegetation that usually goes along with it. If
the edges of streams, gullies, washes, floodplains, and even
flood control channels can be kept open and unimpeded,
they can serve as a network of corridors interweaving the
wilds with the man-made landscape.

Among the man-made corridors are various types of
rights-of-way, including railroads (especially abandoned ones)
and powerlines. With some care in design, these can be
made to attract animals. Mostly, it is a matter of opening
up movement routes that will be beneficial to wildlife and
closing those that are likely to bring animals into conflict
with human activity. For example, along abandoned rail-
road rights-of-way, the California Department of Fish and
Game recommends using one side for bicycling and hiking
and reserving the other side for wild animals.

Wild corridors are especially desirable in areas where
it is important to provide habitats for large predators because
of human alterations of the natural landscape. In Costa
Rica, for example, government policy calls for the creation
of new farming settlements in which small tracts of arable
land, usually about 20 acres (8 ha), are made available to
landless families. As there are few alternatives, these settle-
ments are often carved out of the rain forest. Because of the
national concern for their preservation, some undisturbed
forest is usually left within the bounds of each settlement.
The size of most of these forest remnants ranges from that
of enclaves to that of patches—far short of the territory
needed by the top predators. The magnificent, elusive jaguar
is especially threatened. Little is known about its habits or
the extent of its range, except that the latter is immense,
probably covering hundreds of square kilometers.

The best solution would probably be to maintain a
continuous matrix of rain forest, with the settlements as
islands within, rather than the reverse, but this approach
would be expensive and would tend to spread settlements

far apart, resulting in communication and transportation
difficulties. It would also require more land, thus driving
settlement deeper into natural areas.

Another possibility would be to group the preserves in
larger units spaced closer together. Island theory tells us that
these would be far richer habitats, even if they cover no
more land than scattered ones.

Finally, if we connect the preserves with corridors, they
would be richer still. The corridors might follow streams
and rivers and would have to be wide enough to keep animals
like the jaguar well away from human settlements. Although
they would not effectively replace the larger natural areas
of rain forest, they would at lease provide a minimally
complete structure in the midst of human activity.

Exotic Greens

Far removed from rain forests and jaguars, exotic greens
are man-made landscapes, usually in cities, that are not
designed or managed with wildlife as a major concern but
nevertheless feature surprisingly large animal populations.
It is important to remember that urban landscapes shaped
and maintained for specific human uses are far from being
in a natural state. Among them are school grounds, urban
parks, cemeteries, college campuses, and areas of residential
developments, even back and front yards. Usually, they
feature exotic species of vegetation that are chosen more for
visual effect than for the benefit of wildlife or other ecolog-
ical reasons. Extensive areas of lawn are common, usually
punctuated with a few stands of trees. Often, these places
are teeming with wildlife, but diversity is normally limited
to a few species of small birds and mammals because the
structures of these areas are usually simple and incomplete.

The vegetation of an exotic green is designed to serve
the particular functions and image of that place, and these
are necessarily different from those of other greens. Thus,
each attracts a wildlife population related to its own unique
community of plants. One study found, for example, that a
reason for the high squirrel population in a cemetery was
the area’s particular variety of plants, which produced foods
at different times throughout the year, assuring a continuous
food supply. The closed hours of the cemetery—5 p.m. to
8 a.m.—also seemed to benefit the squirrels, because they
had the landscape to themselves during this period. On the
other hand, two factors presented greater dangers than the
squirrels would find in the wilds. One was automobile traffic,
which, although light and slow-moving, killed a large num-
ber of squirrels, and the other was disease, which seemed to
spread faster than in the wilds. Predation probably took a
toll about equal to that in the wilds, because a few red foxes
also lived in the cemetery.

In the eastern United States, the red fox is one of the
few predators able to adapt to the environment of the exotic
green. Foxes have been seen quite frequently in the larger
urban parks of most eastern cities where they comprise one
of the larger predators.
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Exotic greens are the most intensively managed (for
human, not wildlife purposes) and heavily used of urban
habitats. Consequently, they usually attract the more socia-
ble species, those most tolerant of the human presence.

Wildlife Parks

The examples of this category of wilds are relatively
few and highly specialized. They are areas of some size that
are specifically designed and managed to accommodate spe-
cific exotic wildlife populations. The zoological garden is
the most extreme example, although zoos are usually so
artificial as to deserve a category of their own. Somewhat
less artificial are the several types of wild animal parks where
varied species of animals are brought together and allowed
to roam freely in a setting that provides them some space
and privacy, although it might be quite different in its
physiography and vegetation from their native environ-
ment. Such parks have been fairly common on royal estates
for centuries. A number of estates in England, most notably
Woburn Abbey, maintain them. In the United States, wild-
life parks usually have a public orientation, functioning
essentially as theme parks. Wild Animal Park, near the City
of San Diego, is perhaps the best known example.

USEFULNESS OF THE APPROACH

Categorizing habitat areas as outlined in this paper is
useful for a number of purposes. It provides a coherent means
of dealing with wildlife concerns at each scale of planning.
Whereas wild areas are considered components of national
or global systems, exotic greens should normally be incor-

porated into plans at the project or the site level. The types
of concerns addressed at each scale, as well as the planning,
design, and management practices applied, are quite differ-
ent.

It should be recognized that this is a tentative oper-
ational system, still rough about the edges. Although it has
been applied in some planning efforts, it has not yet been
polished into a universally applicable planning tool. It will
take more applications in practice, as well as more research,
to accomplish that. As a working hypothesis, its greatest
utility might be as a common frame of reference for research
and planning and design, a place where different disciplines
can meet.
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INTRODUCTION

This paper summarizes the results of a nationwide sur-
vey carried out in 1986. Primary objectives of the survey
were to determine: (1) the extent to which the requirements
of urban wildlife are considered by Canadian landscape
architects in their urban landscape design work, the obsta-
cles they face in undertaking this design work, and the types
of information they would use to improve their landscape
designs for urban wildlife; (2) how Canadian landscape
architects obtained their information about urban wildlife,
where they used this information in the design process, and
in what types of environments were landscape design proj-
ects for urban wildlife being implemented; and (3) the extent
to which wildlife management techniques were being used
to implement urban wildlife landscape designs. A more
comprehensive report is in preparation (Dunster 1986a) that
discusses survey results and implications in greater detail.

METHODS

In July 1986, a survey questionnaire was mailed to all
1,105 individual names appearing on the mailing list of the
Canadian Society of Landscape Architects (CSLA). The
questionnaire mailed was a revised version of an earlier
pretest. A covering letter accompanying the questionnaire
provided definitions of urban landscape, urban wildlife,
herptiles, design, and wildlife requirements to help respon-
dents interpret survey questions.

All respondents were asked to complete Part 1 of the
questionnaire regarding personal data, education, and
professional qualifications. Confidentiality of this informa-
tion was assured.

Respondents answering “never” to the question, “Do
you consider the requirements of wildlife in your urban
landscape design projects?,” were directed to several ques-

tions that solicited information regarding the obstacles they
face in designing for urban wildlife, and the type of infor-
mation base they would use to begin considering urban
wildlife in design. All other respondents were directed to
answer all of the questions in the survey.

Several questions were used to elicit information from
respondents about urban wildlife design projects. Respon-
dents were asked to describe and list their own projects in
one question. Another question asked them to describe and
list urban wildlife projects that had been designed by other
landscape architects. A final query asked respondents to list
any publications they had authored on the subject of urban
wildlife landscape design.

Results were tabulated using the SAS Version 5.0 com-
puter statistics package (SAS Institute Inc. 1985).

RESULTS

Of the 1,105 questionnaires mailed, 262 (23.7%) were
returned completed and 40 (3.6%) were undeliverable.
Returned questionnaires were determined to be usable if the
respondent was a member of a provincial landscape archi-
tecture association, and, thus, automatically a member of
the CSLA (Fig. 1).

Eleven (1%) respondents indicated that they were not
involved in urban landscape design, most being employed
by national or provincial parks, and 14 (1.3%) of the com-
pleted returns could not be used because the respondents
were not members of a provincial landscape architecture
association.

The 237 usable returns were classified into two cate-
gories. Forty (16.9%) individuals reported that they never
considered the requirements of wildlife in their urban land-
scape design projects, and, thus, completed the short form
of the questionnaire. The remaining 197 (83.1%) respon-
dents completed the entire form.
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Fig. 1. Location of Provincial Landscape Architecture Associations.

Male respondents (75.1%) outnumbered females
(24.1%) and several respondents (0.8%) did not state their
sex. Nearly all (96.2%) of the respondents were actively
practicing landscape architecture (1.7% were students,
1.7% were retired, and 0.4% did not respond), and 75.1%
were under the age of 40. Length of practice ranged from 0
to 50 years. Most of the respondents (69.2%) indicated they
had been practicing landscape architecture less than 10
years.

Respondents indicated they had taken a wide variety
of education programs, the most popular (43.9%) being a
Bachelor of Landscape Architecture. Only 1.3% indicated
that they had not received formal landscape architecture
training.

Most respondents (58.3%) indicated they considered
the requirements of wildlife in less than 25% of their urban

LEGEND

1 British Columbia —B.C. Society of Landscape
Architects

2 Alberta —Alberta Assoc. of
Landscape Architects

3 Saskatchewan —Sask. Assoc. of Landscape
Architects

4  Manitoba —Manitoba Assoc. of
Landscape Architects

5  Ontario —Ontario Assoc. of
Landscape Architects

6 Québec —Assoc. des Architectes
Paysagistes du Québec

7 NewB ich Atlanti

8 Nova Scotia Provinces

9 Prince Edward Island Association of

10 Newfoundland Landscape Architects

11 Yukon Territory

12 Northwest Territories

design projects. Included in this group were the 40 landscape
architects who said they never considered the requirements
of wildlife in urban design. At the other end of the scale
was a group of 32 (13.5%) individuals who said they con-
sidered the requirements of wildlife in 76-100% of their
urban design projects.

More respondents (94.4%) indicated they had designed
urban landscapes to encourage birds than to encourage
mammals (49.7%), fish (46.2%), invertebrates (41.1%), or
herptiles (18.3%). Fewer respondents indicated they had
designed landscapes to discourage wildlife, with mammals
receiving the greatest response (16.2%), followed by herp-
tiles (12.2%), birds (6.1%), invertebrates (5.1%), and fish
(3.0%).

Information about urban wildlife requirements was
obtained from a wide variey of sources. Approximately one
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third of the respondents could not rank their sources in
order of importance and gave them equal ranking. Three
(1.5%) did not respond to the question. The remaining 125
{63.5%) landscape architects indicated that books, litera-
ture, and library sources were their most important sources
of information (42.4%), but data collected from previous
work/projects (16%), and experts on staff (16%) also were
considered important.

Experts on staff included biologists, limnologists, for-
esters, and ecologists. Thirty-four respondents specified that
they used “other” sources of information, of which only 4
(3.2%) indicated they would rely on their “other” source as
their first source of information. Seventeen (50%) of these
“other” sources were personal observation and the remain-
der were friends, local field naturalists, and Ducks Unlim-
ited.

Urban wildlife information was readily available to
42.6% of the respondents whereas 46.7% indicated that the
information was only readily available sometimes. Only
10.2% of the respondents indicated they had difficulty inter-
preting available urban wildlife information, although 45.2%
said they sometimes had difficulty. A similar number (41.6%)
indicated that they never had difficulty in interpreting the
information and 3.0% did not respond to the question.

Urban wildlife information is being used by the respon-
dents in several stages of the design process (Table 1),
particularly planting design (84.3%), inventory and analysis
(71.7%), and design concept (66.5%). Less than half of the
respondents (44.2%) indicated they used the information
at the beginning of the design process (terms of reference/
client interview) and only 32.5% indicated they used the
information as they implemented their designs. Even fewer
(24.4%) indicated they used the information in the moni-
toring and review of projects. Most respondents (78.9%)
felt that a sourcebook of information including lists of experts,
consultants, literature, or nurseries would be most useful to
either improve or consider urban wildlife in their designs
(Dunster 1986b).

Slightly more than half (56.3%) of the respondents
said suitable food and cover material was available for their

Table 1. Use of wildlife information in the design process for landscape
architecture projects.®

Percent of

Stage of design respondents
Terms of reference/client interview 44.2
Program 52.3
Inventory & analysis 71.7
Concept 66.5
Master plan 44.7
Planting design 84.3
Implementation 32.5
Monitoring & review of project 24.4
Other 1.5

N = 197.

planting design specifications. Several (5.1%) did not respond
to the question, and 38.6% felt suitable material was not
available.

Designs for wildlife have been undertaken in a wide
variety of urban environments (Table 2). Most respondents
reported they had designed for wildlife in urban parks or
other open spaces (74.6%) and single housing-residential
backyards (60.9%). All other categories received less than
30% responses. Other institutional areas specified were
cemeteries, nature education centers, arboreta, historical
areas, and urban interpretive trails. Other urban design work
specifted included municipal policy and official plan reports,
gravel pit reclamation, stream-river-ravine rehabilitation
projects, waterfronts, landfill sites, and landscape manage-
ment plans.

Table 2. Urban areas where design for wildlife has been undertaken.®

Percent of

Area respondents
Single housing/residential backyard 60.9
Multiple housing/apartment open space 29.9
Neighborhood plan 23.4
Urban parks, open spaces 74.6
Institutional: schools 17.3
Institutional: hospitals 12.2
Institutional: universities 11.7
Institutional: zoos 6.1
Institutional: botanical gardens 13.2
Institutional: other 9.6
Industrial 15.7
Central business district 7.1
Streetscapes 16.2
Rights-of-way 16.8
Transportation corridor planning 19.8
Other 12.7
aN = 197.

Less than 30% of the respondents used wildlife man-
agement techniques to carry out their designs. Most popular
techniques used were winter feeding regimes or programs
(26.4%), and “pest” species managment control (25.9%).
Nesting houses had been erected by 21.3% of the respon-
dents. Brush piles for cover had been constructed by more
respondents (16.2%) than rock piles (12.2%). Other arti-
ficial methods specified were planting regimes and earth-
works to improve aquatic habitat. New species introductions
such as fish stocking had been used by 19.3% of the respon-
dents and only 15.3% indicated they had attempted species
removal or relocation. Other management techniques
employed included the creation, enhancement, protection,
and conservation of habitat; control of humans, dogs, and
bears; and removal of food sources for airport-dwelling birds.
Most respondents (68.0%) felt that project time and budget
constraints did not give them enough time to research and
consider urban wildlife needs.
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All respondents were asked to indicate how often they
used native (or indigenous) plant material in their urban
planting designs. Thirty percent said they used native plant
materials 76—100% of the time, and many individuals spec-
ified they were inhibited in doing so by the lack of readily
available native plant materials.

Respondents were asked to identify the obstacles that
inhibited their urban wildlife design. Fifty-four respondents
could not rank their obstacles in order of importance and
gave them equal ranking. Thirteen did not answer the ques-
tion, and of the remaining 170 respondents, 41.8% felt
their greatest obstacle was no client demand or interest
(Table 3). A wide variety of other obstacles were specified
including lack of public awareness, lack of suitable plant
stock, lack of support from senior landscape architects or
employers, and public resistance to the existence of wildlife
in cities.

Table3. Obstacles to designing for urban wildlife in order of importance.®

Relative

importance
Obstacle %
No client demand or interest 41.8
No client support {financial) 12.9
No obstacles 12.3
Other 11.8
Personal lack of knowledge 11.2
Bureaucratic obstacles 4.1
Difficulty understanding/using information 3.5
Difficulty finding data/information on wildlife 2.4
Total 100.0

3N = 170.

Less than a quarter of the respondents (20.3%) indi-
cated that there were government policies, regulations, by-
laws, or other bureaucratic requirements that constrained
their ability to consider wildlife in urban designs. Slightly
more (22.4%) felt there were none, 5.5% did not respond,
and 51.9% did not know. The most frequently listed gov-
ernment constraints were weed control acts or by-laws (22
respondents), property design-maintenance standards (15
respondents), and government apathy or lack of vision (8
respondents). Other government constraints mentioned were
public health standards (3 respondents), public liability (3
respondents), pesticide-herbicide regulations (4 respon-
dents), and municipal engineers cause many problems (3
respondents).

CONCLUSIONS

A primary hypothesis of the survey was that very few
landscape architects in Canada are aware of a design para-
digm shift occurring in the profession in other countries

(Baines 1985, Flugel 1986, Rodiek 1986). This new trend
in thinking places greater moral responsibility on landscape
architects to approach every design project with a much
deeper ecological understanding. Not only are the needs of
all living beings equally important to consider in this new
paradigm, it may be critical to the maintenance of planetary
equilibrium and health to understand the relationships and
interconnectedness of all species, when modifying environ-
ments through design (Lovelock 1979, Myers 1984).

Responses to the questionnaire generally supported the
hypothesis. Whether or not it was a part of the client’s terms
of reference, only 13.5% of the respondents reported that
they considered the requirements of urban wildlife in 76—
100% of their projects. Over 40% of the respondents felt
that a lack of client demand or interest was their greatest
obstacle to designing for urban wildlife; more than any of
the other obstacles listed. This opinion is not substantiated
by a recent survey of the Canadian population (Filion et al.
1983), which reported that 66.8% of Canadians participated
in nonconsumptive residential wildlife-related activities. As
reported by Filion, some 20.4% of Canadians purchase feed
for urban wildlife and 13.4% maintain plants for wildlife in
their gardens.

One explanation for this discrepancy may be that land-
scape architects are just not discussing the importance of
considering the needs of urban wildlife with their clients.
Only 44.2% reported that they used wildlife information at
the first stage in the design process (terms of reference/client
interview), perhaps missing the best opportunity to provide
the client with information that will promote the positive
ecological, social, and economic benefits of urban wildlife,
thus gaining client support. An awareness and acceptance
of the paradigm shift would allow these landscape architects
to consider wildlife, whether or not their client expressed
an interest. [ should also point out that only 24% of the
landscape architects 1 surveyed responded to the question-
naire. The opinions of the remaining 76% were not known
and this fact may have contributed to the discrepancy.

Responses to several of the questions in the survey
suggest that although urban wildlife information is available,
it may not be in a format that all landscape architects can
usefully interpret, use in design, and successfully promote
when meeting with clients. Most respondents relied on
secondary sources of information (books, literature, library
sources) as their first source of information, and 78.9%
indicated a sourcebook of urban wildlife information specific
to the needs of landscape architects would be very helpful
to them. The scientific community has published a consid-
erable volume of information about wildlife requirements,
yet few attempts have been made to translate the informa-
tion into a form that can be assimilated by the landscape
architect into the design process. Few respondents reported
that they used wildlife management techniques to carry out
their designs, which may be a further indication of the need
for better information and more inter-disciplinary collabo-
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ration between landscape architects, scientists, and wildlife
managers.

Design projects for urban wildlife appear to be limited
to what landscape architects consider appropriate urban
environments for wildlife. Although it is important to con-
tinue to design for wildlife in backyards, parks, and open
spaces, there are many opportunities to expand these efforts
into the design of other urban environments for wildlife.
The fact that wildlife exists everywhere in cities in spite of,
and because of the actions of man, has important implica-
tions for landscape architects entrusted with the privilege
of designing our urban landscapes. The recreational role of
wildlife in cities outlined by Filion et al. (1983) should
provide considerable impetus for landscape architects to
consider wildlife in the design and management of all urban
landscapes.

Respondents indicated a general lack of awareness about
government policies, regulations, by-laws, or requirements
that could constrain their ability to consider wildlife in
urban designs. This is surprising because 96.2% indicated
they were practicing landscape architects, and should there-
fore, be aware of all the legalities that might affect their
design work. Not surprising was the number of respondents
who indicated that the “Weed Control Act” was their great-
est bureaucratic constraint to designing landscapes for urban
wildlife. Whereas many “weeds” are beneficial to wildlife,
few can be considered a threat to agriculture in the urban
environment.

Many individuals commented that there is a need for
more information to be published in periodicals read by
landscape architects, especially information about designs
that have been implemented. Although a sourcebook is in
preparation (Dunster 1986b), all those involved in urban
wildlife design should feel a moral and professional obliga-
tion to share their information and experiences so that the
entire profession will shift more quickly to accepting the
new design paradigm.

The positive comments of respondents indicate that
the survey has been a useful means of increasing the aware-
ness of Canadian landscape architects about urban wildlife.

Acknowledgments. —1 would like to thank my advisor,
Denis Stevens for his help in clarifying my ideas and review-
ing various drafts of the questionnaire. Thanks are also owed
to Bob Dorney and Bob Brown for the encouragement and
moral support they have offered. The assistance of the Cana-
dian Society of Landscape Architects in providing their
membership list on mailing labels is gratefully acknowl-
edged. I am particularly indebted to Julian Dunster for pro-
viding ideas, discussion, and critical reviews of this manu-
script.

REFERENCES CITED

Baines, C. 1985. How to make a wildlife garden. Elm Tree Books/
Hamish Hamilton, London.

Dunster, K. 1986a. Designing for urban wildlife: a survey of Cana-
dian landscape architects. In preparation.

Dunster, K. 1986b. A scurcebook of urban wildlife information
for Canadian landscape architects. In preparation.

Filion, F.L., et al. 1983. The importance of wildlife to Canadians:
highlights of the 1981 national survey. Catalog No. CW66-
62/1983E, Canadian Wildl. Serv., Ottawa, Ontario KIA
OH3. 40pp.

Flugel, H-J. 1986. “Fur die Tierwelt Planen.” Garten + Land-
schaft. 5:25-30.

Lovelock, J.E. 1979. GAIA. Oxford Univ. Press, Oxford, Eng-
land.

Myers, N. ed. 1984. GAIA, an atlas of planet management.
Anchor Press/Doubleday, Garden City, New York.

Rodiek, J. 1986. “Wildlife Habitats.” Landscape Architecture
magazine 76:148.

SAS Institute Inc. 1985. SAS user’s guide: statistics. Version 5
edition, SAS Institute Inc, Carey, North Carolina.






Design Criteria for Children and Wildlife in

Residential Developments

LisA SCHICKER, Department of Landscape Architecture, North Carolina State University, Raleigh, NC 27695

INTRODUCTION

Considerable research on urban ecology and urban
wildlife has been carried out during the past 10-15 years.
Several books and articles concerning this topic have been
published (Schmid 1975, Wilson and Willis 1975, Galli et
al. 1976, Leedy et al. 1978, Laurie 1979, Andrews and
Cranmer-Bying 1981, Goldstein et al. 1981, Adams and
Dove 1984, Hough 1984, Leedy and Adams 1984, Spirn
1984), and several conferences have been held that address
wildlife in an urban context (e.g., Noyes and Progulske
1974, Kirkpatrick 1978, Shaw 1986).

Very little, however, has been completed on how people
relate to wildlife, especially children of urban and suburban
areas. By the year 2000, over 90% of all Americans will live
in urban areas. Considering that 173 million Americans
currently live in urban areas, and that 52 million of these
are under 18 years of age (U.S. Department of Commerce
1985), the subject is one that must attract attention. How-
ever, relatively little is even known about children’s atti-
tudes and behaviors in early stages of life in general, to say
nothing of their relation to wildlife.

Perhaps the most thorough and important work con-
cerning children’s relationships to wildlife that has been
completed was a study sponsored by the U.S. Fish and
Wildlife Service (Kellert and Westervelt 1983). In this
study, one can find an exhaustive literature review, but as
the authors stated, “The focus of most research in this field
has not been wildlife, but attitudes toward other environ-
mental issues, such as air and water pollution, overpopula-
tion, recycling and land use.” The researchers found that
“culture, status, parental occupation and influence, ethnic
background, area of residence, scholastic ability, partici-
pation in nature activities, books, T.V., family, and friends
all can possibly affect children’s perceptions of the natural
world.”

'Present address: Landscape Architecture Department, California Poly-
technic State University, San Luis Obispo, CA 93407.

There also is a small amount of literature on the child’s
use of outdoor environments that was consulted for the
present study. Hart (1979, 1983), Lynch (1979), Moore
(1978, 1980), Wood (1978) and others (Cohen et al. 1979,
Francis 1984, Van Andel 1984) have all reached similar
conclusions, which are summarized below.

1. Children play anywhere, and a very small percentage
of their time is spent in designed-for-children areas
(such as playgrounds). Favorite areas include wild-
lands, vacant lots, street pavements, and parking areas.

2. Children, especially 5 to 10 year-olds, are the most
frequent users of neighborhood space.

3. Most valued feature includes water, sand or dirt, veg-
etation, loose parts to build with, things to collect,
and animal life.

4. Children place great value in being able to find and
make places for themselves.

5. Young children play close to home in visible contact
with known adults.

6. Active play, like walking, running, and bicycling, is
frequently observed.

7. Safety is an important condition of optimal use of an
environment.

I have been working with children in an assortment of
contexts for the past 8 years as a natural history instructor,
exhibit designer at museums and nature centers, and most
recently as a National Wildlife Federation Conservation
Fellowship recipient. I conducted my research through a
series of personal interviews, neighborhood walks, and ques-
tionnaires administered to urban and suburban children in
Raleigh, North Carolina. Because of my experiences with
children, and their parents and teachers, I do not hesitate
in saying that access to the richness and diversity of the
natural world (including a full range of wildlife) is valuable.
[t is preferable that exposure to the natural world be at an
early age, and, because young children are not very mobile,
it is essential that it be within their home range.

Integrating Man and Nature in the Metropolitan Environment. Proc. Natl. Symp. on Urban Wildl., Chevy Chase, Md., 4-7 November 1986, L.W. Adams and
D.L. Leedy, eds. Published by Natl. Inst. for Urban Wildl., 10921 Trotting Ridge Way, Columbia, MD 21044, 1987.
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If it is true that children respond to early exposure to
wildlife and wildlands, and if they do not travel far from
their homes, then it follows that provisions for wildlife must
be made within residential developments. Frequently, land-
scape architects, architects, planners, and developers involved
with the creation of residential subdivisions do not consider
needs of children to be important in their designs. A devel-
opment with only groomed and manicured lawns, culverted
streams, few trees, and no wild places to explore may not
be as enjoyable an environment as it could be. In what
follows, I provide preliminary evidence and support for the
concept of including wildlands in residential developments,
and I present a few recommendations on how such provi-
sions can be made most effectively.

WHAT I LEARNED FROM 39,000 KIDS

If we are to introduce wildlands into the habitats of
children, we must certainly understand the behaviors of
children no less well than those of plants and animals. |
have, in my teaching lifetime, worked with over 39,000
children. These experiences have created much understand-
ing and awareness of children’s behaviors and attitudes toward
the natural environment. They are the basis for the rec-
ommendations I will be making about the design of residen-
tial environments, sharpened and formed, of course, by the
more deliberate studies that were conducted for the National
Wildlife Federation.

These studies fall into two classes with three groups of
children. I administered questionnaires to two groups—196
school children at a Durham elementary school and 51 in a
natural history museum course. 1 also interviewed and took
neighborhood walks with 13 children that enabled me to
see a little more deeply into the system of behaviors glossed
in the questionnaire results. What follows are the results of
these studies that pertain to design criteria in residential
areas for children and wildlife.

In general, children placed high value on outdoor places
for play that allowed for personal investigation and manip-
ulation of materials. There was a high importance placed
on secrecy, make-believe, and privacy in outdoor activities.
Most favored places for play were located near water (stream,
pond, or puddle), bicycle paths (streets, sidewalks, etc), or
in sports fields. One of the least preferred outdoor places
was the school playground. The home range for children in
the study (ages 6-10) was a 5-minute walk from the front
door of the house. This distance increased for children who
were permitted to ride bicycles freely.

When compared with all outdoor activities, investi-
gation of wildlife was a very significant pursuit. Fifty percent
of all recorded outdoor activities directly involved wildlife:
collecting, observing, experimenting, or shooting. Wildlife
also was used as props in games and construction activities.
Generally, children exhibited an “anthropomorphic-pater-
nalistic-experimental” attitude toward animals. Animal

investigations, which included acts of “mutilation” were
observed and described with frequency. Knowledge was quite
limited and the youngsters did not distinguish easily among
native, exotic, and domestic animals, nor were they able to
identify proper animal and plant habitat associations. Fears
about animals were usually unfounded or blown out of pro-
portion, and fears were much greater on paper than in the
field. Natural history courses appeared to be influential in
improving knowledge, attitudes, and interest in wildlife, as
well as in reducing children’s fears of certain animals, mainly
snakes and other reptiles (Schicker 1986).

Other highly favored outdoor activities included bicy-
cle riding, sports participation, activities in and around
water, building and constructing forts and treehouses, and
hiding from adults.

Favorite wild animals were the creepy-crawly variety:
amphibians, reptiles, insects, and crustaceans. They were
mentioned, looked for, and collected more than all others.
The high mention rate of animals found on the ground or
in the water seems significant. An important comparison of
child and adult wildlife knowledge and interest finds that
interest for lower forms of animals changes over the years,
being extremely interesting and important to children and
almost never mentioned by adults (who define and recognize
wildlife primarily as birds and mammals).

Children also were very interested in the conditions of
their surrounding outdoor environments; they expressed strong
opinions and ideas for how their neighborhoods and school
grounds should look, preferring a certain amount of un-
tidiness and “undesigned” and “ungroomed” areas for play.
They exhibited strong tendencies toward taking active roles
in environmental form and change.

DESIGN CRITERIA

How can access to wildlands and wildlife by children
be achieved through design? What does a wild habitat located
in a residential area look like? What components will pro-
vide a place suitable for children’s experience as well as
provide habitat for wildlife? A compromise must be reached.
An area that allows for child access and play will probably
provide less than optimal habitat for wildlife, but having
perfect habitats is not the point. Areas will be useful only
if children can get to them. For example, though a bramble
thicket makes an excellent wildlife habitat, children cannot
get through dense, sharply thorned, 4-foot-high shrubs.

In general, though; places satisfactory for children’s
activities also tend to be good wildlife habitats. By utilizing
my findings on children’s behavior and preference for out-
door activities as well as wildlife habitat management prin-
ciples, a set of design criteria and a list of appropriate open
spaces have been reached (Tables 1-3). Because of the less
than optimal conditions for wildlife in residential develop-
ments, addressing any of the issues described in Tables 1-3
will inevitably improve the chances of wildlife being seen
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Table 1. Landscape design criteria for children (ages 6—10) and wildlife.

Criteria

Most preferred

Acceptable {rank order)

Habitat types

Location Five-minute walk from home;
central to neighborhood,
linked to other wildlands.

Size Not important to kids,
preferably 2 acres for wildlife.

Shape Greenbelt with activity nodes.

Safety Social safety.

Aquatic; preferably stream with

vegetated corridor.

Other aquatic areas; wetlands,
ponds, lakes.
Forest, vacant lot, grassy field.

Five-minute bicycle ride from
home; along bike paths,
sportshelds.

Large, circular shape.

Physical safety.

Table 2. Plant and animal considerations in landscape design for children.

Consideration

Most important

Less important

Songbirds, chipmunks, raccoons,
non-poisonous snakes, opossums,
birds of prey.

Combination of native plants:
evergreen and deciduous, all
different height layers.

Thick and impenetrable thorny

Animals to Salamanders, toads, frogs, turtles,

encourage insects, crayfish, squirrels, lizards,
butterflies.

Animals to Poisonous snakes, stinging insects.

discourage

Plants to Berry and fruit trees and shrubs

encourage edible to both children and
wildlife. Good climbing trees.

Plants to Poisonous or irritants: poison ivy

discourage and nettles.

brambles.

by children. If one were forced to choose a single neighbor-
hood open space that best suits wildlife and kids simulta-
neously, it should be a greenbelt park along a stream corridor
with small patches or clumps of vegetation and pathways
that accommodate bicycle travel. The closer to home, the
better.

Habitat Types

For children, providing a variety of representative hab-
itats (aquatic, forest, field, and edge), when available, is of
paramount importance. Areas good for wildlife and for chil-
dren’s play are not always the areas where intensiye residen-
tial development is easiest or even recommended. Flood-
plains and wetlands, for example, are poor for development,
but strongly recommended for child’s play, wildlife habitat,
and foraging territory.

The treatment of water is very important. Leaving
unchanneled and unculverted streams and ponds enhances
wildlife habitat and provides cherished opportunities for
play. Although culverting or channelling of streams is some-
times necessary, it is not the recommended treatment on a
large scale. However, culverts are usually a necessity and
they happen to be a favorite child’s playplace and raccoon
adopted habitat! A balance between undisturbed and cul-
verted waters should be considered while siting residential
areas. To make aquatic sites accessible, built elements such
as small bridges, docks, and observation detks are desirable.
If these elements are too expensive to construct, naturally
occurring debris should be left in place and will suffice.

These are simple suggestions, but they work. There are
several pamphlets available from the National Wildlife Fed-
eration and county agricultural extension offices that describe
methods of creating small ponds. Small retention basins
used for runoff during construction could—if retained—
provide good aquatic habitat. {As a safety measure, sides on
open retention basins should be gently sloped—preferably
less than a 3:1 ratio.) Seeding these areas with regional,
edible wild seed mixes (such as millet, oats, rye, rice, crabgrass,
Andropogon, partridge pea and beggar’s lice) is recom-
mended. Boardwalks over aquatic habitats are relatively
inexpensive and are great for play and watching wildlife.

Location

Considering the needs of both wildlife and children, wild
areas should be both ecologically linked to other wild areas
(to provide pathways for plant and animal migration) and
be as accessible and safe for children as possible. Wildlife
areas should be centrally located in residential developments
and perhaps buffered by residences instead of roads, with

Table 3. Open spaces that will meet design criteria.

Greenbelt parkways (along stream corridors if present)
Easements and utility lines

Dedicated land

School and church grounds

Wooded privacy clumps and buffers between houses
Areas adjacent to sports fields

Nature trails, backyards, cemeteries
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common foot paths allowing access. A central location of
this type would provide neighborhood visibility and be within
parental shouting distance. Judging from information from
the children about preferred playplaces, wildlife habitat also
should be interspersed along biking paths (which include
the slower, residential streets) and sports fields, where kids
spend much of their free time. This would allow them more
opportunities to encounter other animals. Also recom-
mended is the provision of vegetative connections to exist-
ing greenspaces, which might include parklands, play-
grounds, church and schoolgrounds, and cemeteries. Were
these spaces left a little less “tidy” and groomed, they would
be enjoyed as a playplace for children and be better homes
for animals.

Size and Shape

Large acreage is not necessary for play from the child’s
perspective. Children are resourceful and need very little
space to enjoy the natural world. Because of their behavior
patterns, children mainly use areas that provide for exten-
sive movement, and this is why I have recommended a
greenbelt approach.

Likewise, many wildlife species are resourceful, and
readily populate the smallest pocket of derelict land. How-
ever, to maintain self-perpetuating populations of any one
species, acreage requirements do exist. Because of the lim-
ited research on wildlife requirements in urban areas, it is
difficult to specify exact sizes. In general, bigger is better,
and the suggestion of 2 acres (0.8 ha) based on woodland
bird species research is a good place to start (Goldstein et
al. 1981).

Wildlife moves most easily through closed tree cano-
pies, extensive shrub masses, and continuous ground covers.
Some areas available for play, and which provide wildlife
habitat, exist already in planned developments, commonly
in the form of undevelopable stream corridors, ravines,
wooded privacy buffers between lots, and utility easement
land. In the case of easement land, only the vegetative
character of the area need be changed to improve its use as
wildlife cover and forage. This can be accomplished through
less frequent mowing schedules or seeding with edible grains.

Safety

Safety is an important issue that cannot be taken lightly.
There are two types of safety to consider: social safety and
physical safety. The location and size of habitat within the
development are the most important factors in determining
social safety of an area. Sometimes, the less “designated”
an area is, the less chance it has for attracting social prob-
lems. (Public parks are more apt to attract vagrants or
molesters than are undesignated wildlands.) Wildlife areas
should be centrally located in residential developments if at
all possible. Social safety also varies from city to city and
issues should be addressed by each individual residential
planner according to local conditions.

Physical safety issues mainly concern poisonous plants,
insects and snakes, or extreme site conditions that may be
harmful to children. The most dangerous site conditions in
residential areas include extremely steep or unstable slopes.
Although retention ponds used during construction can
make great wildlife habitat, they should not be designed as
such unless they have shallow area and gentle, sloping sides.
The most common potentially harmful plant and wildlife
species in North Carolina include poison ivy (and related
genera), copperheads, bees, bald-faced hornets, yellow jack-
ets, and fire ants. Although it is impossible to plan against
all, certain precautions can be made.

Eradicate poison ivy. If burning is the method used,
this should be done before residents move in because poison
ivy smoke can be seriously damaging to highly allergic peo-
ple. The bases of surrounding trees could be soaked with
water before burning in order to protect them from also
going up in smoke. On the large scale, eliminating all the
poison ivy is impractical (and it is great wildlife food); it
might be easier to educate residents about the proper iden-
tification of these plants.

Remove rock piles. If poisonous snakes are abundant
in your geographic area (as they are in North Carolina),
this will eliminate a potential hiding site (but this is also a
favorite habitat for other, more desirable animal species).
It may be comforting to note that a mere one thousand
snake bites are reported annually in the United States, with
only 3% of these resulting in fatalities. Snake bite fear is
worse than snake bites. Proper identification knowledge of
poisonous snakes achieved through posters, brochures, and
visual signage for residents might also aid in avoiding contact
with these passive creatures.

Hornets, yellow jackets, and fire ants nest in the ground
and are easily disturbed by children. When disturbed, they
sting en masse! If nests are discovered, they should be erad-
icated.

Most childhood accidents occur in the home, and safety
in wildlands need not be overemphasized. Wildlands nor-
mally provide safe testing grounds and challenges for grow-
ing children. Providing educational materials to residents
concerning troublesome plants and animals is the suggested
method for avoiding physical safety problems.

SUGGESTIONS FOR ENHANCING
CHILDREN’S EXPOSURE TO WILDLIFE

“The city and suburban landscape is a production of
conflicting values. It expresses a deep seated affinity with
natural things; but these expressions take place only on
human terms, subject to the standards of order and tidiness
imposed by public values. Design often sets its limits to
diversity by establishing landscapes by brute force; adapting
a site to a predetermined set of plants which could only
survive with the use of machines, fertilizers, herbicides,
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pruning, mulching and spraying, and many a splendid and
rich environment could be kept in a residential setting by
simply leaving it alone” (Hough 1984).

This is the best advice for designing an area for kids
and wildlife; the best solution is to do nothing at all. But if
the site has been cleared or otherwise disturbed, then the
case for landscaping with native plants must be strongly
made. Successional planting techniques and urban refores-
tation practices are available (Hough 1984). Planting with
edible native species (for kids and animals) is preferred, and
the National Wildlife Federation has provided an excellent
list of suggested species (for field, forest, and wetland areas)
that can be used by any landscape architect, planner, or
resident. Involving kids in the planting of native plants is
even better!

The following additional small scale suggestions are
made to enhance children’s exposure to wildlife in their
neighborhoods.

® Allow for the preservation and selection of trees

conducive to climbing and for the construction of
treehouses.

® Provide wildlife observation stations.

® Create vernal pools and manipulate water levels to

encourage amphibian and other wildlife habitation.

@ Plant and design butterfly meadows.

® Introduce the concept of natural adventure play-

grounds.
A detailed description and discussion of these subjects can
be found in Schicker (1986).

In addition, at the smallest scale, individual home-
owners could be introduced to the National Wildlife Fed-
eration’s Backyard Wildlife Program. Considering that chil-
dren prefer to play in close vicinity to their own homes
(Wood 1977), this would be the ideal place for introducing
wildlife to children. In this program, children and parents
participate together in creating mini-havens for wildlife in
their own yards. Yards are certified through the Federation
if they meet the requirements of providing food, cover, and
water to wildlife. Some of the many species of wildlife that
have been reported from certified yard owners include the
more common squirrels, rabbits, opossums and raccoons,

but chipmunks, turtles, salamanders, field mice, toads, frogs,-

lizards, muskrats, otters, coyotes, and skunks (depending on
geographic location) also have been reported. Backyard
Wildlife materials are available to the public for a minimal
cost, and landscape architects and planners could benefit
from this information as well as recommend its use to devel-
opers and homeowners.

Places for Kids and Wildlife in Neighborhoods

Delft, The Netherlands.—In high density complexes in
Delft, urban forestry practices have been established, and
are providing excellent landscaping as well as important
spaces for children’s play. These “forested” areas do not
resemble the “neat and tidy” school of landscaping, but they

have an informal yet functional character of a heavily used
landscape. The Dutch believe it is unrealistic to attempt to
confine children to specific play areas and the natural wooded
areas can handle the wear and tear. Minor pathways are left
to be made by residents and children’s play; once the paths
are established, they are paved.

Village Homes Neighborhood. —Village Homes, a resi-
dential development in California, is one of a few examples
where kids and wildlife are happily coexisting in a residential
setting. New forms of community open space were incor-
porated into the design such as vineyards, orchards, com-
munity bike paths, and natural drainage areas. In Village
Homes, over 85% of all water is kept onssite, flowing through
a series of swales, ponds and channels, supporting natural
vegetation, wildlife, and child exploration. Through map-
ping and favorite place analysis, the use of these open spaces
by children has been evaluated by Frances (1984). He found
that the pedestrian and bike paths received the most heavy
use (24% of total observations), followed by street space
(20%), common areas or greenbelts (14%), open drainage
areas (8%), and turf areas (13%). The least used areas were
the vineyards (0%), orchards (1%), community gardens
(1%), private gardens and patios (3%), and playgrounds
(4%). Of all community open green spaces, greenbelt com-
mons, turf areas, and natural drainage swales were the most
commonly used, pointing to the value of these areas to
children. Frances also found that the most “sacred” places
for children were the wild or unfinished places such as
construction sites and places like “willow pond” or “clover
patch.” These findings argue for neighborhood design that
retains open space in its natural state, which children can
manipulate to suit their own needs.

Environmental Yards.—Using r\latural features to shade
play areas, environmental yards offer fantastic experiences
for children. Plants and animals, flowers and trees, water
and dirt give children the chance to explore their environ-
ment, observe life cycles, interact with other living things,
and cooperate with nature.

The Washington Environmental Yard (WEY) was
founded in 1971 and developed as a cooperative project
among neighborhood residents, teachers, administrators,
and the children who attended Washington Elementary
School located in downtown Berkeley, California (Moore
1980). Landscape architect Robin Moore and school prin-
cipal Herb Wong coordinated community involvement and
efforts on the project through a series of surveys and work-
shops. The “Yard” was an effort to diversify 1.5 acres (0.6
ha) of asphalt play yard into a variety of play and learning
environments, including a haven for wildlife. WEY is open
24 hours a day and is freely accessible to any neighborhood
users. A 0.5-acre (0.2 ha) zone, called the Natural Resource
Area was completely stripped of asphalt, and now contains
ponds, wooded areas and meadows, approximating the nat-
ural ecosystem of the Bay Area coastal region. WEY is
currently undergoing the test of time; native flora and fauna
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have reestablished residency on the site and have provided
teachers and students with an abundance of environmental
and science education lessons.

Another example of an environmental yard is the
Wildwood School in Aspen, Colorado. The school was buile
underground to protect the existing natural environment.
The school site is used to teach environmental lessons in
ecology, biology, and botany.

The concept of environmental yards could easily be
applied to any neighborhood setting, through the use of
school sites or neighborhood open spaces, if interest and
community commitment are available.

CONCLUSIONS

Small parcels of land, withheld from development and
ecologically linked to larger habitat “islands,” can serve to
distribute wildlife habitat throughout residential areas. This
network also can provide environmental experiences for
children where they live. A very workable land design solu-
tion to these scientific findings is ecologically sited, planned
unit developments with greenspaces connecting all available
open spaces.

Because of current environmental laws and practices,
certain lands are excluded from development and can readily
be used for these purposes. However, these areas can be
used for an assortment of open space uses, and it is the
developers and homeowners who need direction and
encouragement for using these areas for kids and wildlife.
Encouragement and design implementation must come from
all professionals involved, including landscape architects,
wildlife biologists, planners, developers, and educators.

From my experiences with children, 1 contend that
experiential, day to day contact with the natural world,
parental support and encouragement, and participatory hands-
on educational experiences are the greatest and most effec-
tive methods for ensuring wildlife awareness and apprecia-
tion. I also believe that this experience is essential at an
early age. Wildlands in residential developments are the
ideal place for these activities to occur. Providing places for
children to grow up that are both challenging and naturally
beautiful can only make them better decision makers about
our environmental future.
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Urban Wildlife Habitat Research—Application

to Landscape Design

RICHARD M. DEGRAAF, Northeastern Forest Experiment Station, Holdsworth Hall, University of Massachusetts,

Ambherst, MA 01003

The basic characteristics of urban-suburban avifaunas
in these essentially unmanaged habitats have been deter-
mined over the last 2 decades of research. In eastern North
America, at least, such avifaunas are dominated by exotic
species that achieve high densities, have few breeding spe-
cies compared to rural environments, few cavity or ground
nesters, few if any breeding insectivorous migrant species,
and high densities of seed eaters-omnivorous species (Wal-
cott 1974, Erz 1966).

The quality of avian habitats varies greatly among urban-
suburban environments; many can be greatly enhanced and
others less severely degraded by development if avian habitat
needs are incorporated in landscape designs. Within broad
limits, a wide variety of forest and edge birds can be managed
in such environments.

Urbanization of rural landscapes removes, alters, or
replaces most of the natural or existing vegetation (Sharpe
et al. 1986). Furthermore, urbanization typically changes
the local plant species composition by favoring some native
species at the expense of others, and by introducing exotic
species, intentionally as landscape plantings and uninten-
tionally as “weeds.” Eastern North America supports more
than 200 species of forest land birds. Much woodland remains,
but the woody vegetation of urbanized environments differs
from pre-development conditions not only in species com-
position (especially the inclusion of many sterile forms), but
in sparseness and distribution as well. In most suburbs, trees
cover a small fraction of the land surface, and, rather than
occurring in clumps like naturalistic stands, are thinly, rather
evenly distributed over the landscape as “specimen” plant-
ings. These changes have profound effects on urban and
suburban avifaunas.

BIRD-HABITAT ASSOCIATIONS

Two basic sets of factors determine whether a given
bird species will breed in a given area. Ultimate factors that

actually determine reproductive success, e.g., insects to feed
nestlings, often are not evident at the time of arrival or
habitat selection. Keys to these factors are perceived through
“proximate” or psychological factors, and aspects of the
physical habitat, especially vegetation structure, that are
generally considered important to many species. Ever since
Lack (1933) propounded the idea that birds select breeding
habitats by recognizing features that the birds did not gen-
erally require for survival, namely vegetation structure, many
studies have been conducted to identify the features or
patterns that bird species were “programmed” to seek.

Breeding bird species occurring together in a given
habitat may not necessarily have similar requirements for
combinations of vegetation density and distribution. Bond
(1957) showed that a continuum of bird species distribution
was related to a forest continuum—the distributions of 25
of 27 species were related to the forest continuum, and the
abundance of each species peaked at a different point along
the forest continuum. Bond may have actually measured
indirectly the structural vegetation “requirements” of birds
and noted that several species can occur in the same habitat
and not respond to the same set of habitat features.

The implied importance of layered vegetation was
examined by MacArthur and MacArthur (1961), who dem-
onstrated that the vertical complexity of forest vegetation
(the diversity of vegetation heights and density of foliage at
those heights) was associated with breeding bird diversity.
In the forest habitats studied, plant species composition was
not useful in improving the relationships. Subjected to test-
ing in many habitats, the relationship of bird species diver-
sity to foliage height diversity has been supported in many
cases (Karr 1968, Karr and Roth 1971) but not others (Tomoff
1974).

The basic importance of vegetational layers to birds of
forested regions generally has been established. Bird species
can be considered individually to reveal habitat compo-

Integrating Man and Nature in the Metropolitan Environment. Proc. Natl. Symp. on Urban Wildl., Chevy Chase, Md., 47 November 1986, L. W. Adams and
D.L. Leedy, eds. Published by Natl. Inst. for Urban Wildl., 10921 Trotting Ridge Way, Columbia, MD 21044, 1987.
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nents, including foliage layers, that are associated with each
(Fig. 1). However, habitat components that are related to
bird species richness—those that tend to benefit the greatest
number of species in suburban habitats—are more readily
incorporated in landscape design and are more useful in
management. Horizontal diversity or patchiness also is
important to breeding bird composition. Roth (1976) dem-
onstrated that the number of bird species increased faster
than the degree of species overlap in a series of habitats from
grasslands to forests, and that horizontal habitat heteroge-
neity was a better predictor of bird species numbers than
was vertical habitat heterogeneity.
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Fig. 1. Suburban habitat associations of breeding American robin (Turdus
migratorius) in Amherst, Massachusetts; differences are * = P < 0.05,
** = P < 0.01 (after DeGraaf 1986).

From these studies, it is obvious that both vertical
vegetation structure and patchiness are important to breed-
ing bird communities. Suburban habitats, at least in tem-
perate forest regions, have breeding bird communities that
are intermediate in species richness. Such areas typically
have many more species than urban residential habitats but
considerably fewer than rural habitats (DeGraaf and Went-
worth 1981). A common result of increased urbanization is
a decline in the number of species and a simultaneous increase
in total bird density as a relatively few species become very
abundant.

Avifaunas of Urban Residential and Suburban
Habitats

In New England, differences between urban residential
and suburban avifaunas are quite dramatic in the breeding
season and during winter. Total urban breeding bird density
is more than 2.5 times that in suburban habitats; in winter,
total bird density is 1.7 times that of suburbs. Suburbs

contained more than 2.5 times as many breeding species
and 1.4 times as many species in winter as the urban habitats
(DeGraaf and Wentworth 1981). On a functional or guild
basis (Root 1967), ground-foraging seed eaters and omni-
vores are the most abundant groups in both urban and
suburban habitats in the breeding season, although members
of these guilds are much more abundant in urban habitats
(Fig. 2A). These guilds have been found also to dominate
the urban and suburban avifaunas of Florida (Woolfenden
and Rohwer 1969) and Arizona (Emlen 1974). Insectivo-
rous species are fairly common in suburbs but are nearly
absent from urban residential habitats, especially in winter
(Fig. 2B).

Differences in urban and suburban avifaunas also are
apparent from analyses of nesting substrate guild distribu-
tions. Species nesting on tree branches or buildings are more
abundant in urban habitats, whereas ground, cavity, shrub,
and tree twig nesters are either absent or occur at low
densities (DeGraaf and Wentworth 1981).
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Fig. 2. Breeding season (A) and winter (B) foraging guild distributions
in urban residential and suburban habitats; differences are * = P < 0.05,
** = P < 0.01 (after DeGraaf and Wentworth 1981).
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What differences in habitat structure may account for
the bird community differences between urban residential
and suburban environments!? Measures of tree cover and
species richness, shrub density, area of weedy growth, and
nearness of woodlots all are greater in the suburbs, and likely
contribute to the greater avian species richness there. Insec-
tivores are positively associated with the tree features that
are characteristic of suburban habitat, and most show an
affinity for woodlot nearness. Ground-foraging seed eaters
and omnivores, which dominate the urban avifauna, show
no affinities for woodlots (DeGraaf and Wentworth 1981).

Suburban Avifaunas and Habitat Associations

Compared to urban habitats, suburbs have more diverse
avifaunas. But suburbs vary greatly in habitat structure and
thus in their avifaunas. A comparison of the avian foraging
guild structures of three types of suburbs revealed several
significant differences (DeGraaf and Wentworth 1986). The
three types were: MT, an area of large houses, lawns of
moderate size, mature trees and shrubs, and large street trees
including pin oak (Quercus palustris), American elm (Ulmus
americana), and sugar maple (Acer saccharum); YT, a sub-
division built on open land with lawns occupying most of
the lots, most trees and shrubs small, including small street
trees of silver (A. saccharinum) and Norway (A. platanoides)
maples; and OP, a subdivision in which houses were built
in a second-growth oak-pine woodland dominated by red
oak (Q. rubra), black oak (Q. velutina), red maple (A.
rubrum), and white pine (Pinus strobus), in which small
clearings were made for houses and small lawns.

Breeding bird censuses conducted over 5 years revealed
that species richness and foraging guild numbers were vir-
tually identical in each area, but avifaunas varied greatly.
The densities of nine of the 12 guilds differed significantly,
reflecting differences in the habitat structure of each suburb
type. YT supported the lowest total density, but highest
density of insectivorous air screeners, and the fewest ground-
and lower foliage-gleaning insectivores; MT supported the
highest total avian density, and significantly greater num-
bers of seed eaters and ground-foraging omnivores; OP sup-
ported the greatest number of insectivores, including bark
drillers, ground gleaners, foliage gleaners, and air screeners,
5 times the density of insectivores of YT, and 2 times that
of MT (DeGraaf and Wentworth 1986).

Among nesting guilds, OP supported the fewest ground-
herb nesters, and YT the most. MT supported the most
shrub nesters, and OP the fewest. OP supported the most
cavity and twig nesters.

When avian foraging and nesting guild distributions
are considered in terms of habitat structure, several patterns
emerge. Insectivores (except air screeners) are strongly asso-
ciated with measures of tree cover and show an affinity for
woodlots. Seed eaters and ground-foraging omnivores are
strongly associated with the area of herbaceous or weedy

growth and with large shade trees, but seed eaters avoid
woodlots (DeGraaf and Wentworth 1986).

Among nesting guilds, ground nesters are negatively
associated with measures of tree cover, and positively asso-
ciated with openness (area of weedy growth and lawn).
Shrub nesters are associated with shrub height, not shrub
density. Tree branch, twig, and cavity nesters showed obvious
association with measures of tree cover and were negatively
associated with lawn area (DeGraaf and Wentworth 1986).

Suburbs are not homogeneous from an avian habitat
perspective. A quite wooded habitat is necessary for insec-
tivores—large shade trees will not suffice. Twig and cavity
nesters are more abundant in the wooded suburban habitat.
Expansive lawns and large shade trees support more seed
eaters and ground-foraging omnivores, and more shrub and
tree branch nesters.

The Importance of Woody Vegetation

From an analytical point of view, it is difficult to eval-
uate the effects of vegetation on birds in the developed
landscape because the key parameters (layering, species
composition, and spatial arrangement) vary almost limit-
lessly. Individual species’ habitat associations can be statis-
tically identified (e.g., Thomas et al. 1977, DeGraaf 1986),
but a practical management or design approach necessitates
some generalization about the dominant landscape elements
and their effects on wildlife. Bird species richness and total
woody vegetation volume are fairly closely related-—on 60
1-ha (2.5 ac) plots in Amherst, Massachusetts suburbs,
49.6% of the variation in the number of breeding bird
species over 5 years could be explained by total woody
vegetation volume (Goldstein et al. 1986).

Furthermore, this analysis separated the 65 bird species
present into three groups that vary in their sensitivity to
vegetation volume and thus their adaptability to built-up
areas (Table 1). The first group, 29% of the species, contains
those species best adapted to such areas; all are common
and are relatively insensitive to the volume of vegetation
available, and though some—e.g., wood thrush—were dra-
matically less common on plots with less woody vegetation,
most are able to occupy a broad range of suburban habitats.
The second group, 40% of the species, includes those that
are able to occur in suburban environments only when
vegetation (and other) conditions are unusually suitable
(Table 1). These species, on average, occurred where veg-
etation volume was significantly greater than it was for those
in the first group. This second group of species, though not
usually the most abundant species even where vegetation
volume was high, are still common enough to constitute a
regular and extremely valuable component of the suburban
avifauna. More importantly, the species in this group are
responsive to management, i.e., they can be fairly predict-
ably added to a suburban avifauna where adequate woody
vegetation volume is provided (Goldstein et al. 1986).
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Table 1.  Breeding birds grouped by commonness of occurrence in Amherst,
Massachusetts, 1975-1979 (after Goldstein et al. 1986).

Group I: Common and insensitive to vegetation volume

Mourning dove (Zenaida macroura)

Blue jay (Cyanocitta cristata)

Black-capped chickadee (Parus atricapillus)
Tufted titmouse (Parus bicolor)
White-breasted nuthatch (Sitta carolinensis)
House wren (Troglodytes aedon)

Northemn mockingbird (Mimus polyglottos)
Gray catbird (Dumetella carolinensis)
Anmerican robin (Turdus migratorius)
Wood thrush (Hylocichla mustelina)
European starling (Sturnus vulgaris)
Red-eyed vireo (Vireo olivaceus)

House sparrow (Passer domesticus)
Northern oriole (Icterus galbula)

Common grackle (Quiscalus quiscula)
Northern cardinal (Cardinalis cardinalis)
Chipping sparrow (Spizella passerina)

Song sparrow (Melospiza melodia)

Group 11: Suburban environments, manageable

Yellow-billed cuckoo (Coccyzus americanus)
Common flicker (Colaptes auratus)

Hairy woodpecker (Picoides villosus)

Downy woodpecker (Picoides pubescens)
Eastern kingbird (Tyrannus tyrannus)

Great crested flycatcher (Myiarchus crinitus)
Eastern phoebe (Sayomis phoebe)

Eastern wood-pewee (Contopus virens)

Barn swallow (Hirundo rustica)

American crow (Corvus brachyrhynchos)
Red-breasted nuthatch (Sitta canadensis)
Brown thrasher (Toxostoma rufum)

Cedar waxwing (Bombycilla cedrorum)
Black-and-white warbler (Mniotilta varia)
Yellow warbler (Dendroica petechia)
Blackpoll warbler (Dendroica striata)
Common yellowthroat (Geothlypis trichas)
American redstart (Setophaga ruticilla)
Red-winged blackbird (Agelaius phoeniceus)
Brown-headed cowbird (Molothrus ater)
Scarlet tanager (Piranga olivacea)
Rose-breasted grosbeak (Pheucticus ludovicianus)
House finch (Carpodacus mexicanus)
American goldfinch (Carduelis tristis)
Rufous-sided towhee (Pipilo erythrophthalmus)

Group 1I: Uncommon suburban breeding species

Ring-necked pheasant (Phasianus colchicus)
Ruby-throated hummingbird (Archilochus colubris)
Pileated woodpecker (Dryocopus pileatus)
Least flycatcher (Empidonax minimus)

Tree swallow (Tachycineta bicolor)

Winter wren (Troglodytes troglodytes)
Hermit thrush (Catharus guttatus)
Swainson’s thrush (Catharus ustulatus)
Blue-gray gnatcatcher (Polioptila caerulea)
Solitary vireo (Vireo solitarius)

Warbling vireo (Vireo gilvus)

Blue-winged warbler (Vermivora pinus)
Yellow-rumped warbler {Dendroica coronata)
Ovenbird (Seiurus aurocapillus)

Eastern meadowlark (Stumella magna)
Indigo bunting (Passerina cyanea)

Purple finch (Carpodacus purpureus)

Field sparrow (Spizella pusilla)

Swamp sparrow (Melospiza georgiana)

The last group constituted 31% of those encountered
and consists of uncommon to rare breeding species (Table
1). Some are clearly dependent upon very high volumes of
woody vegetation, e.g., pileated woodpecker, but others,
such as the meadowlark, clearly are not. Most of this group
probably are excluded from built-up areas by psychological
factors, predation (especially ground nesters), or the
requirements of large unbroken habitat patches of a type
not likely to occur in suburbs. Management prospects are
likely not promising for this group.

Habitat components to which individual bird species
respond, especially foliage layers, have been identified for
some common suburban breeding birds (DeGraaf 1986).
But landscape design of environments that attract for the
most part common or generalist species should be directed
toward providing habitat for the greatest number of species.

When suburban bird species richness is analyzed in
terms of habitat components, discrete layers of foliage vol-
ume do not appear to be important. Such relationships have
been demonstrated for forest habitats (MacArthur and
MacArthur 1961, Karr and Roth 1971), wherein foliage is
arranged more or less in a vertical continuum, and where
tree branches interdigitate. But in suburban landscapes,
most trees are dispersed as specimens, and other landscape
components become important to the breeding bird com-
munity. The nearer a woodlot and open field, the smaller
the lawn area, the more that “weedy” vegetation is permit-
ted, and the lower the building density, the greater the
species richness of the suburban bird community (DeGraaf
1986).

APPLICATION OF HABITAT
ASSOCIATIONS TO LANDSCAPE
DESIGN

A fairly large literature exists on the values and site
requirements of various plants and their arrangement to
attract birds to residential grounds (e.g., Terres 1968, Dav-
ison 1967, Martin et al. 1951, DeGraaf and Witman 1979).
Generally, plants providing persistent fruits, seeds, secure
nest sites, and escape cover can indeed attract many bird
species from the surrounding landscape to specific sites. To
enhance the bird species richness of the landscape as a
whole, however, elements of the pre-development land-
scape must be retained—woodlots and fields (DeGraaf 1986).

Within woodlots there are factors that affect birds, but
woodlot size appears to be the characteristic most important
to the breeding bird community (Moore and Hooper 1975).
Based upon this relationship, designs have been proposed
for hypothetical small (Goldstein et al. 1981) and medium
scale (Goldstein et al. 1983) residential developments that
maximize the patch size of woody vegetation to theoretically
maximize the diversity of the bird community.

Not all suburbs or residential cluster developments are
built in landscapes that are a mosaic of woodlots and open
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country. Does suburban development built in woodland,
with minimal clearing for houses, have a high number of
breeding bird species? Essentially only among insectivores
and cavity nesters (DeGraaf and Wentworth 1986). Planted
trees, no matter how mature or abundant, apparently do
not replace natural forest stands as breeding habitat for
insectivorous birds. Edge species will probably continue to
thrive in suburbs, but for insectivorous migrant species,
which have been used as measures of avifaunal quality (Wal-
cott 1974), natural woodland must be retained where pos-

sible.

CONCLUSIONS

The general effects of urbanization on birds—increased
abundances of generalist-exotic-omnivorous species and, in
forested regions, decreased abundances or elimination of
insectivores and ground and tree cavity nesters—can be
mitigated by retention of pre-development landscape fea-
tures and selection of material for the planted environment.
Retention of woodlots will provide habitat for some forest
birds, especially cavity nesters that depend upon trees con-
taining columns of decayed wood evidenced by dead branches
or stems of sufficient size. Such trees are routinely pruned
of dead limbs or removed in the planted environment.

Suburbs vary in avian composition depending largely
upon the degree to which they alter the pre-existing vege-
tation. A suburb containing remnants of a closed-canopy,
multi-layered forest will support an avifauna quite different
from one with mature, but planted, trees and shrubs. The
planted environment, no matter how mature, apparently
will not suffice as breeding habitat for many insectivorous
birds.

In the planted environment, maximizing the crown
volumes of trees and shrubs is likely the one management
practice or goal that will yield the greatest increases in
breeding bird species richness.

The prospects for enhancing urban and suburban avi-
faunas are good. By retaining pre-development fields and
woodlots, increasing vegetation volume, especially in spa-
tially concentrated patches, and by the familiar practice of
planting species useful to birds, it is almost certain that the
number of breeding bird species can be increased.
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INTRODUCTION

For most cities, one’s first impression is of buildings and
streets. Yetamid the built environment, the green landscape
prevails, sometimes as parks and planned open spaces, but
frequently as leftover areas. Although the desirability of
urban natural areas is generally agreed upon (Herzog et al.
1982, Ulrich 1986), and their ecological values generally
known (McHarg 1969, Spirn 1984), their visual value is
only beginning to be explored (Kaplan 1984). Identifying
the visual values of urban space is very important because
as either remnants or designs, their future often depends on
the public’s reaction to their appearance. This is especially
true for the majority of open spaces, the undesigned rem-
nants. Can’t we cut the trees from this hillside to enhance
our view! Don’t we need parking more than blackberry
bushes next to the drainway? Why doesn’t the city mow the
grass in the old landfill area?

More than likely the public asking these questions
would agree that, in general, vegetated urban open space is
needed and that all values should be considered in the
decision process. Yet this egalitarian understanding does not
always surface when a specific site is in question. Agencies
managing open spaces must respond to differing, often nar-
row, public perceptions. One of the open space situations
that is least understood is the relationship between the
public’s knowledge of and preference for wildlife habitats in
the city. For example, an agency may fund wildlife educa-
tional programs with the belief that a public knowledgeable
about urban wildlife species will have more desire to con-
serve urban habitats. However, it may be that the public’s
knowledge of wildlife, their recognition of urban habitats,
and their preferences for the appearance of these habitats
are not working in concert.

This pilot study was directed at the relationships between
knowledge, attitudes, and preferences of Seattle, Washing-
ton, residents for urban open space with wildlife habitat
value. Seattle has a wide variety of open spaces, varying
from designed parks to remnant natural areas, including
steep hillsides, water edges in industrial or commercial areas,
surface drainage ways, sinking landfills, parkways containing
transmission lines, water edges at the base of steep slopes,
and general “leftover” vegetated landscapes adjacent to var-
jous land uses. Many of these areas will never be suitable
for development and therefore are presently or potentially
valuable for wildlife habitat.

Seattle is a city in a region that takes open space
seriously. For example, voters passed an initiative in 1979
to tax themselves in order to preserve farmland in King
County. The region prides itself on being environmentally
knowledgeable and sensitive. Many people moved originally
to the region because of its natural beauty. Although we
have no supporting data, we believe that Seattle residents
are especially knowledgeable of urban nature and habitats.
On the premise that Seattleites have knowledge about urban
wildlife and their habitats, we hypothesized that they also
have positive attitudes toward urban wildlife habitats, are
able to recognize good habitat, and prefer landscapes that
are good habitats. The study included a photo preference
test, a habitat recognition test, and a questionnaire to deter-
mine knowledge and attitudes, and to gather demographic
data.

LITERATURE REVIEW

This study follows a first pilot study conducted in a
Seattle suburb (Black et al. 1985), and attempts to build on
previous results from studies on visual preferences for land-
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scapes, on attitudes toward wildlife and wildlife habitat in
the city, and on knowledge of wildlife and wildlife habitat.

Landscape Preferences

A recent review of 88 studies indicated research on
human responses to vegetation and landscapes is plentiful
(Ulrich 1986). For more than 15 years, researchers have
studied preference for specific landscape elements (Zube
1976, Brown and Daniel 1984), categorized landscape types
and compared viewer preferences among types (Balling and
Falk 1982, Herzog et al. 1982, Kaplan and Kaplan 1982,
Lyons 1983, Hayward and Weitzer 1984, Schauman 1986),
and looked for differences in preference due to demography
(Herzog et al. 1982, Lyons 1983, Nasar 1983, Hayward and
Weitzer 1984). It is generally agreed that people’s prefer-
ences are broadly predictable: positive toward natural land-
scapes in general, and toward trees and green, park-like or
pastoral landscapes in particular. Less agreement exists as
to the variations in preference due to gender, race, or geo-
graphical residency.

Although many landscape preference studies have been
conducted, little work relates natural area preference to
wildlife habitat value. Pudelkewicz (1981) examined resi-
dents’ preferences for the planned open spaces of Columbia,
Maryland. She used characteristics proposed by Kaplan and
Kaplan (1982) and hypothesized three predictors as influ-
encing preference-—(1) promised information (mystery,
complexity), (2) legibility (coherence, space, texture, edge),
and (3) primary landscape qualities (trees, wildlife, water).
The same photos used for the preference testing also were
rated for wildlife habitat characteristics. She found that
trees, complexity, and mystery were the strongest predictors
of preference. Her suggestion for designers was to combine
less preferred areas with more acceptable areas, or to locate
less acceptable areas away from residents’ homes. However,
designers are not usually involved in the day to day man-
agement decisions concerning the appearance of remnant
open spaces. These decisions usually result from public atti-
tudes about the appearance of a specific site, one most often
covered with volunteer plants arranged by natural selection,
not design.

Attitudes Toward Wildlife or Wildlife Habitat

There has been a range of studies to identify variables
influencing attitudes toward wildlife, such as interest and
knowledge of wild animals (Dagg 1974), the local environ-
ment (Gilbert 1982), and wildlife as an amenity (Dick
1982). Most of these studies dealt with attitudes toward
wildlife rather than habitat. There is little to suggest that a
given attitude toward animals will necessarily indicate a
predictable attitude toward the animal’s habitat. Only two
articles (Pudelkewicz 1981 and Black et al. 1985) attempted
directly to determine residents’ attitudes toward habitat,
and of those, only Black et al. (1985) looked at habitat
outside the residents’ immediate setting.

Knowledge of Wildlife and Wildlife Habitat

Few studies have examined knowledge of wildlife in
relation to attitudes toward wildlife. Leedy et al. (1978)
reported that despite their acceptance of many wildlife spe-
cies in urban areas, a large number of people were unable
to identify many of the animals that were sometimes present.
Respondents’ knowledge in relation to preference has been
mentioned only by Kellert (1984), and he placed no empha-
sis on knowledge of habitat. Gilbert (1982) found that many
urban residents appeared not to understand that diversity of
vegetation was important in producing a diversity of wildlife
species. Black et al. (1985) found that residents had sur-
prisingly high knowledge of certain wildlife species habitat
needs, and residents correctly identified water as an impor-
tant element in habitats. Habitat knowledge was related to
preferences by Pudelkewicz (1981), but she related the experts’
knowledge to residents’ preference.

It seems apparent that little has been done to determine
the public’s attitudes or knowledge regarding urban wildlife
habitats. It is conceivable that the public may have a posi-
tive attitude toward urban wildlife as long as it is at no cost
to them in terms of accepting undesirable nearby habitat
landscapes. Alternatively, it may be that the public really
does know what constitutes good urban habitat and factors
this knowledge into a preference decision.

Many unanswered questions remain for those agencies
dealing with the public on the conservation of urban wildlife
habitats. Prominent among these are:

1. What, if any, is the relationship between knowledge
of wildlife habitat and landscape preferences?

2. Is there any difference in preferences for habitat
based on proximity to respondents’ homes?

3. What demographic factors are associated with
knowledge of wildlife habitat?

4. What demographic factors are associated with pref-
erences and attitudes toward landscapes?

METHODS

This study was conducted during the period June through
September, 1986. Data were gathered by means of a photo
preference test and a questionnaire.

Photo Preference Test

Fifteen black and white photographs were chosen to
represent typical remnant and designed open space habitats
in Seattle. Landscapes were photographed within a 3-week
period during sunny, midsummer weather. All photographs
were taken with a 35mm camera from the same height above
ground level. No details (leaf shape, flowers, or identifiable
plants) were visible in the foreground. All scenes excluded
built structures (buildings, roads, utility poles), animals,
trash, people, and water. The photographs were differen-
tiated mainly by amount of ground cover, numbers and
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distribution of trees and shrubs, and distribution of vegeta-
tive heights. The scenes ranged from treeless, mowed grass
areas to a mixed, uneven-aged forest to a dense coniferous
stand.

Seven wildlife biologists rated the expected wildlife
diversity of each picture on a five-point scale from 5=Most
Diversity to 1 = Least Diversity. The biologists’ mean ratings
for each picture were used to group the photographs into
five categories from “most diverse habitat” to “least diverse
habitat.” The 3- by 5-inch (7.6 by 12.7 cm) pictures were
then randomly arranged, assigned a letter from A to O and
mounted on a gray board containing the words “WE NEED
YOUR OPINION.”

Questionnaire

Preference.—A written questionnaire was used to rec-
ord preference responses and elicit attitudes toward and
knowledge of wildlife habitat in the city. Preference scores
for each of the 15 scenes were solicited on a scale of Like
Very Much(1), Like Somewhat(2), Neither Like nor Dis-
like(3), Dislike Somewhat(4), and Dislike Very Much(5).
Respondents were asked first for their preference on all 15
photos as if the scene were “somewhere in the city,” and
then the preference question was repeated as if the scene
were “across the street from your house.” Finally, respon-
dents were asked to identify and give a one-word description
of their most preferred and least preferred scenes.

Attitudes, Knowledge, and Demographic Data.—The sec-
ond section of the questionnaire contained 11 opinion state-
ments, such as “Nearby greenery and open spaces are impor-
tant attractions to me when choosing a neighborhood in
which to live.” Respondents were asked to indicate if they
Strongly Agree(1), Agree(2), Neutral(3), Disagree(4), or
Strongly Disagree(5).

Sections three and four were designed to discover the
levels of verbal and visual knowledge of respondents regard-
ing wildlife-habitat relationships. Section three was a series
of eight questions based on wildlife-habitat interactions,
such as: “One way that homeowners can attract robins is to
put out a birdhouse for them in the spring.” We asked
respondents to “Agree” or “Disagree,” and a score was deter-
mined by the total number of correct responses of each
respondent.

In the fourth section, we solicited visual knowledge of
habitats by having the respondents rate the original 15
photographs for wildlife diversity, using the same scale as
the wildlife biologists. To obtain a score for the habitat
recognition section, we subtracted each respondent’s ratings
of habitat from the experts’ mean ratings. This yielded a
“difference” score that was used in subsequent analyses.

The fifth section of the questionnaire asked for the
following demographic information: gender, ethnicity, age,
number in household under 15 years, home ownership,
dwelling type, schooling, family income, childhood envi-
ronment, and outdoor activities.

Data Collection

Data collection sites consisted of a card table and chairs
set up at six Seattle supermarkets during the month of
August, 1986. Locations were selected if they were not on
major commute routes so that they would draw from local
residents. We administered the questionnaire in four pre-
dominantly white neighborhoods and two predominantly
black or mixed-race neighborhoods. Only those passers-by
who showed an interest in the display board were asked if
they wanted to help us with a survey of open space in the
City of Seattle. Eighty-five people volunteered to complete
the survey (Table 1).

Table 1. Demographic characteristics for questionnaire respondents com-
pared to the city-wide population, Seattle, Washington, 1986.

Study

Variable Seattle* respondents
Population 493,846 85
Median age 32.4 40
Median family income $22,096 $27,500
Completed 4 yrs. college 28.1% 35.8%
Owner occupied housing 51% 53.2%
Ethnicity

White 80% 79.3%

Black 9.5% 15.9%

Other 10% 4.8%

aSource: Neighborhood Profiles. 1980. Seattle Post-Intelligencer

RESULTS

We used one verbal and one visual measure for both
preference and knowledge. One method of determining
knowledge was the number of correct responses to the ques-
tions regarding wildlife-habitat interactions. The visual
measure of knowledge was the difference between the
respondents’ and the experts’ rating given to each scene
based on its expected relative habitat diversity. The two
measures of preference consisted of the rating given to each
photograph and the rated response to each attitude state-
ment.

Knowledge of Wildlife Habitat and Landscape
Preference

We found some correlation between the respondents’
ability to recognize habitat diversity and their preference for
a landscape. However, only four “somewhere in the city”
and six “across the street” scenes had significant positive
correlations (Table 2).. Additionally, two scenes (E, I)
“somewhere in the city” and one scene (E) “across the
street” had significant negative correlations between rec-
ognition and preference. Scene | is a highly preferred golf
course with a mowed lawn and tall deciduous trees. Respon-
dents who chose this scene as their first preference described
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Table 2. Kendall Rank-order Correlation between habitat diversity rec-
ognition and two types of preference, Seattle, Washington, 1986.

Scene R-value Probability

For scene “somewhere in the city other than your neighborhood”

L mixed species woodland with shrubs 0.2770 0.003
O tall grass, shrubs & trees 0.2700 0.004
E tall grass, shrubs —0.2365 0.008
G tall grass, shrubs & trees 0.2322 0.010
I mowed golf course —0.2115 0.025
H tall grass, cattails & trees 0.2002 0.024
For scene “across the street from your house”

E tall grass, shrubs —0.3756 0.001
O tall grass, shrubs & trees 0.2795 0.003
H tall grass, cattails & trees 0.2749 0.003
B mixed height deciduous woodland 0.2648 0.005
D dense, mixed woodland 0.2432 0.008
G tall grass, shrubs & trees 0.2162 0.014
L mixed species woodland with shrubs 0.1984 0.024
it as “neat,” “pastoral,” “clean,” “friendly,” “safe,” “pleas-

ing to the eye,” and “open.” The other scene (E) “some-
where in the city,” correlating negatively, was a tall grass—
low shrub landscape that was rated low in preference but
high in habitat value. Respondents who ranked this as their
lowest preferred scene described it as “flat,” “weedy,” “bor-
ing,” “unkempt,” “dry,” “the pits,” and “scrubby.”

The second measure of knowledge, a score based on
the number of correct responses to the wildlife-habitat inter-
action questions, was not significantly correlated with the
respondents’ visual ability to recognize habitat diversity.
Therefore, these verbal and visual measures seemed to be
dealing with different aspects of wildlife knowledge. Never-
theless, the second measure of knowledge showed little
correlation with landscape preference (Table 3). Six “some-
where in the city” scenes demonstrated significant positive
correlations, and one such scene had significant negative
correlation. Only two scenes had significant positive corre-
lations between the respondent’s score on the wildlife hab-

”

Table 3. Kendall Rank-order Correlation between the number correct
on knowledge test and two types of preference, Seattle, Washington, 1986.

Scene R-value Probability

For scene “somewhere in the city other than your neighborhood”

O tall grass, shrubs & trees 0.2140 0.01
C mixed species woodland 0.2127 0.01
H tall grass, cattails & trees 0.1999 0.017
K mature trees, high mowed grass —0.1962 0.021
G tall grass, shrubs & trees 0.1933 0.02
L mixed species woodland with shrubs 0.1611 0.038
B mixed height deciduous woodland 0.1502 0.05
For scene “across the street from your house”

B mixed height deciduous woodland 0.1641 0.035
G tall grass, shrubs & trees 0.1634 0.036

itat questions and preference for landscapes “across the street.”
Respondents who chose these scenes as their first preference
gave reasons for their choice such as “depth,” “trees,” “bal-
ance,” “beauty,” “open and sunny,” “peaceful,” “diverse,”
and “natural.”

The results of relating both the visual recognition of
habitats and the verbal score of knowledge seem to indicate
that knowledge is related to preference, but not strongly so.
This may differ from Dagg’s (1974) conclusion that prefer-
ence and knowledge were related because they each corre-
lated with other factors. Ulrich’s (1986) literature review
did not cite any articles relating knowledge to landscape
preferences.

Preferences regarding open spaces were measured through
responses to a set of attitude statements. These verbal
responses, when individually correlated with verbal knowl-
edge measured by the score on the wildlife habitat questions,
revealed no significant correlations. However, we believe
that a better approach in this type of study would be to
derive a single score of verbal preference for each respondent
based on his or her combined responses to the attitude
questions.

Although there appear to be relatively few correlations
between the measures of wildlife habitat knowledge and
landscape preference in this study, people do appear to be
able to recognize relative values of habitat. The respondents’
ranking of the scenes based on habitat diversity differed
significantly from the biologists’ ranking in only three pho-
tos. We inferred that the general public can recognize,
perhaps intuitively, landscapes for their habitat value, whether
or not they have knowledge of wildlife-habitat associations.

”

Habitat Preferences in Relation to Proximity to
Respondent’s Residence

Respondents were asked to rate their preference for
each scene based on whether the landscape was located
“somewhere in the city” or “across the street.” When com-
parisons were made between the ratings for the two locations
(T-test of the means of preference and Repeated Measures
Analysis of Variance), significant differences were found
between the two groups, with “somewhere in the city”
locations being preferred. We inferred from this that pref-
erence for a natural landscape decreases as its location moves
close to one’s home. This conclusion is consistent with
Balling and Falk (1982) and Lyons (1983) who found sig-
nificant differences between preferences for natural scenes
based on whether one would visit a place or have it as a part
of one’s daily experience.

In a simple inspection of the ranking of scenes, some
further differences were revealed. Scene C, a mixed height
and species woodland, was both preferred by the respondents
and rated excellent habitat by respondents and the biolo-
gists. Scene A, deciduous new growth woodland, though
rated good habitat by the respondents, was one of the least
preferred “across the street,” but ranked higher if located
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“somewhere in the city.” Reasons given for not liking this
scene by respondents who rated it as their lowest preference
were “dense,” “unkempt,” and “too much timber.” Scene
E, a tall grass, low shrub area with no trees, was the least
preferred landscape in either location; it was rated medium
(respondents) and low (biologists) for habitat value.

Demographic Factors and Knowledge of Wildlife
Habitat

We found few demographic factors showing significant
relationships with either the verbal or visual measures of
knowledge. For the number correct on the wildlife-habitat
interaction questions, only age (x*=9.11, p=0.0105) and
households with children under 15 (x*=4.27, p=0.0387) showed
a significant relationship with verbal knowledge. When we
examined visual recognition of habitats with demographic
data, we found that only households with children under 15
(x* range = 10.7-12.3, p range =0.01-0.03) and number of
activities this year (x* range=10.0-13.7, p range =0.006—
0.04) demonstrated significant relationships. We concluded
that little relationship seemed to exist between knowledge
of wildlife habitat and demographic factors. This conclusion
differs from Dagg (1974) who found age, education, and
work status to be significant and Kellert (1984) who found
relationships with wildlife knowledge and education, race,
and income.

Demographic Factors and Preferences-Attitudes
Toward Landscape

We also attempred to find relationships between demo-
graphic factors and either attitude or preference. Many of
the demographic characteristics showed some relationship
with a few individual attitude statements, but the data are
inconclusive.

The variable ethnicity was related to preference more
frequently than any other demographic variable. It was a
significant factor in eight scenes if they were located “some-
where in the city” (x* range=11.6-18.0, p range =0.001-
0.03) and in 10 scenes if they were located “across the
street” (x* range=13.3-26.6), p range=0.001-0.09).
Another demographic factor, activity level, was second in
importance but had only five significant relationships with
preferences for scenes. We concluded that race may relate
to preference in yet to be determined ways and that other
factors seemed to be unimportant.

Hayward and Weitzer (1984) stated the importance of
collecting demographic information when surveying resi-
dents’ preferences. Researchers have found correlations of
preferences or attitudes with age, home ownership, sex,
location, urban vs. rural, and history of residence (Dagg
1974, Balling and Falk 1982, Gilbert 1982, Lyons 1983,
Schroeder 1983). However, some researchers have found
contradictory results regarding some of these same variables
(Faulkenberry 1974, Lyons 1983). We tend to agree with
Pudelkewicz (1981) who believed there was little to support

the conclusion that a relationship between demography and
preference exists.

CONCLUSIONS

This study was based on the premise that knowing
preference will provide some understanding of how people
may react in certain landscape decision situations. Qur results
indicated that preference does change as the landscape comes
in closer proximity to one’s home territory. The presence of
open space received greater approval if located “somewhere
in the city” than it did if located “across the street.”

From the correlations of both verbal and visual knowl-
edge with landscape preference, we concluded that knowl-
edge regarding the interaction between wildlife and habitat
does relate somewhat to preference. However, this is not a
strong association and other, yet unidentified, factors appear
to affect landscape preference. The public’s visual ability to
recognize habitat diversity was surprisingly good, for it did
not differ significantly from the opinion of the experts.
Because the verbal knowledge did not correlate with the
respondents’ recognition of habitat diversity, we inferred
that, for these subjects, visual ability may be an intuitive
and unconscious judgement. People are able to read the
landscape and identify good habitat. Furthermore, this visual
reading ability seemed to correlate with preference. Perhaps
if this ability were raised to a conscious understanding through
education, it could be an effective means of ensuring a more
informed public who will have clearer conservation goals
for remnant urban habitats. More research is needed to
determine to what degree education might change people’s
conservation decisions, especially for those landscapes close
to home and easy to see, smell, and touch.
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Greenways for Americans!

HAL SALWASSER, President’s Commission on Americans Outdoors, Washington, D.C.?

“they should form a framework of . . . parks and forests

connected by a series of paths and trails . . . for . . .
general outdoor living.”
Benton MacKaye (1929)
RECOMMENDATION

Establish a network of private, local, and state
GREENWALYS to provide people with access to open spaces
close to where they live and to link together the rural and
urban spaces in the American landscape.

BACKGROUND

Imagine getting on a bicycle, a horse, a trail bike, or
simply donning a back pack at Pine Cliff, North Carolina,
and crossing the country along a continuous network of
greenways. Perhaps your trip only goes as far as a city park
in Roanoke, Virginia, or maybe it concludes in Wicasset
Bay, Maine. It could have taken you all the way to Montana
de Oro State Park in California or to the Willamette River
Greenway in Oregon. And it could include stops along the
way for trout and bass fishing, quail hunting, a leisurely
canoe trip, or a reunion with old school chums on the
Appalachian National Trail.

The byways for this trip of the future are Greenways
that reach out from communities all across America to link
cities, towns, farms, ranches, parks, refuges, deserts, alpine,
wetlands, and forests into a vast and varied network of open
spaces for recreation and conservation. Many of the pieces
of the network are already there: greenways along rivers,
old rail lines, floodways, Heritage Corridors, wetlands, and
big game migration routes. It is time to hook them up.

Farfetched? Bold? Audacious? You Bet! Just like the
Interstate Highway System was several decades ago and

'A preliminary draft of the President’s Commission on Americans Qut-

doors.

lzlz)rgsent address: USDA Forest Service, Box 2417, Washington, D.C.
13.

pioneering the West was several centuries ago. Even more
far out, we are going to build this network of Greenways for
Americans with private capital, local initiative, lots of sweat
equity, and only a helping hand from the general public at
large.

So, what are these greenways? They are natural areas
where recreation and conservation are the primary uses and
values. Fingers of green that come in many shapes and sizes,
serve many purposes, and derive from many different begin-
nings: biking and hiking trails along abandoned rail lines,
boating and fishing sites on ribbons of bright water restored
from neglect in an earlier time, zones of wildland on vacant
lots for “just messing around” after school or work, and belts
of grasslands, shrubs, and forest surrounding and threading
their way through cities and countrysides like the capillaries
of a giant circulatory system. They can be like spokes on a
big wheel, the rim of the wheel, the patches and connections
in a weblike network, or just individual strips and bands of
natural lands and waters.

This country has committed vast tracts of lands and
waters and invested enormous sums of money in its heritage
of federal and state parks, forests, and reserves (500 to 700
million acres [202 to 283 million ha] open to recreation).
They are world class resources, and remain bulwarks in our
recreation estate. But they tend to be far from where people
live and limited in their ability to meet the growing diversity
of America's recreation and conservation needs. Seventy-
five to 80 percent of Americans live in urbanizing areas.
They need open spaces close to home. And they need the
pride that comes from accomplishments that result from
individual ideas and actions. Greenways can meet those
needs.

Greenways for Americans will be based on getting the
most from existing resources and programs, and tapping the

Integrating Man and Nature in the Metropolitan Environment. Proc. Natl. Symp. on Urban Wildl., Chevy Chase, Md., 4-7 November 1986, L.W. Adams and
D.Lg.TLeedy, eds. Published by Natl. Inst. for Urban Wildl., 10921 Trotting Ridge Way, Columbia, MD 21044, 1987.
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power of market forces and individual initiative. A variety
of mechanisms will be used to build the system including:
® recognition/registration of sites that already meet the
goals,
® incentives to private interests to make lands and
waters available for recreation; including law
enforcement, protection of property rights, limita-
tion to liability, and encouragement to provide ser-
vices that are better delivered by the private sector,
® Conservation Reserves and Conservation Easements
under the 1985 Farm Bill,
® elimination of federal subsidies for new development
in 100-year floodplains and elimination of disaster
aid for property losses in floodways,
® challenge grants from the Trust for Americans Out-
doors and private corporations and foundations to
stimulate local matching funds when acquisition by
local, state, or non-profit groups is deemed appro-
priate,
® broader application of existing authorities to use
abandoned rail lines and utility corridors for the
public good, and
® Jocal, county, or state recreation fees to fund oper-
ations and maintenance on public areas.
Greenways for Americans is a bold idea with the magic
to stir people to action. But Greenways themselves are not
new. We wish to spread the concept, like a prairie fire,
across the American landscape by focusing on the potential
values of Greenways to local communities and of a Green-
ways network to regions and the entire country, encouraging
more consistent application, stimulating grass roots initia-
tive, and emphasizing the roles of private and local interests
in recreation and conservation.

GOALS

® Provide Americans with access to open spaces and
wildlands for the widest possible variety of outdoor
activities close to home.

® Conserve the great American landscape, in all its
diversity, and the full potential for human interac-
tions with that heritage.

® Increase the roles of private enterprise and local
governments and groups in recreation and conser-
vation.

® Encourage local pride and celebration in the quality
and availability of outdoor assets.
@ Diversify and strengthen local economies and life-
styles through enhanced recreation opportunities.
® Leverage federal investments in recreation and con-
servation with local dollars (including private
investments) and “‘sweat equity.”

@ Link urban and rural areas into a diverse network
for the dual purposes of recreation and conservation
of natural resources.

ELEMENTS OF A GREENWAYS
NETWORK

The Greenways network is envisioned to include any
site, public or private, that is managed in a predominantly
natural state for conservation of resources and recreation
opportunities. For example:

® Greenways along river and stream courses [about 3

million miles (4.8 million km) potential; Corps of
Engineers and local floodplains managers could be
major partners],

® Greenways along old rail lines [about 120,000 miles

(193,000 km) potential; railway corporations and
trails coalitions could be major partners],

® Greenways along wildlife migration routes (State

wildlife agencies and landowners major partners),
® Greenways along utility corridors (unknown extent;
utility company and ORYV groups partners),

® Greenways along scenic roads and highways (Blue

Highways; AAA, Federal Highway Users partners),
and

® Greenways along landforms, trails, paths, flood pro-

tection zones, and linear parks.

The network will result from using Greenways to con-
nect existing recreation and conservation areas, thereby
enhancing the values of both those areas and the Green-
ways. For example, units of the:

® National Forest System,

National Park System,

National System of Public Lands,

State Parks and State Wildlife Areas,

City and County Parks,

Greenline Parks of mixed ownership, and

Private lands managed at least partly for recreation
uses, such as California's Ranches for Wildlife.

Greenways Examples
(there are hundreds more)

New York Staten Island Greenbelt

Regional Parks, Qakland, California

Maryland Open Space Program

Illinois-Michigan Canal Natural Heritage Corridor
Yakima Greenway, Washington

Bicycle trail along Interstate 70 in Colorado

Potential Partners in Coalitions for Greenways
(just a few examples of national groups with strong
grass roots programs and chapters)

TransAmerica Trails Network

Trout Unlimited’s Living Brightwater Trust

Izaak Walton League of America’s Save our Streams
Trust for Public Land

Rails to Trails Conservancy

Garden Clubs of America

National Trails Council
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Heritage Trails Fund

American Hiking Society

Walkways Center

Bicycle USA

Rail and utility companies

State fish and wildlife, forestry, and recreation agencies
State and local chambers of commerce and tourism boards
National Institute for Urban Wildlife

American Rivers Conservation Council

American Farmland Trust

Association of State Flood Plain Managers

The Nature Conservancy

American Forestry Association

ORYV groups

State and local highway agencies

Private landowners

Some Examples of Local Action and Coordination

Grass Roots Ikes Program
Coordinated Resource Management Planning

Suggested Local Roles

Goal setting, inventories, and priorities
Planning and management coordination

Major funding and sweat equity
Operations and maintenance

Suggested Federal Roles

Champion the concept—Exec. Order, new law, marketing
with assistance from an advertising agency working
through the national offices of grass roots groups

LWCEF challenge grants

Enforce existing statutes on environmental quality and
property rights

Logistics and brokering technical assistance

POTENTIAL BENEFITS

reduced flood damage

wildlife habitat; plant and animal conservation
water table recharge in wetlands and healthy ripar-
ians

aesthetics of the landscape

enhanced community pride and identity

lower cost than major federal acquisition program
more effective use of limited land area for conser-
vation

concurrent uses by compatible industries

enhanced awareness and appreciation for wildlands
more diverse local economies from tourism
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INTRODUCTION

Relative to native ecosystems, the urban ecosystem is
severely disturbed and dominated by man and his artifacts
(Stearns and Ross 1978). There is an apparent paucity of
native wildlife and an abundance of a few exotic (intro-
duced) species, notably the house sparrow (Passer domesti-
cus), starling (Sturnus vulgaris), rock dove (Columba livia),
Norway rat (Rattus norvegicus), and house mouse (Mus mus-
culus). These species, along with uncontrolled and feral
domestic dogs and cats, are often the most conspicuous
animals in the city. Given their visibility, it is tempting to
characterize these introduced species as ecological aberrants
that thrive at the expense of more desirable native species.
These species appear to be extremely successful in human
settlements and, prior to their introduction from Europe
(Laycock 1966), were most likely already adapted to the
habitat types they occupy in North America. An under-
standing of the relationships between attributes of the urban
environment and wildlife abundance must be gained so that
the wildlife manager can make recommendations about the
design or redesign of urban areas.

A number of recent investigations (Thomas et al. 1974,
Lucid 1974, Paulick 1976, DeGraaf 1978, Gehringer 1980)
have used stepwise multiple regression analysis in an attempt
to discover which attributes of the urban environment can
be used to predict variability in the relative abundance of
birds. The stepwise multiple regression technique is used to

'Present address: New York State Dep. of Environ. Conserv., Wildl.
Resour. Cent., Delmar, NY 12054.

express the relationship between a criterion variable (in this
case bird abundance) and a linear combination of weighted
predictor variables. Starting with the predictor variable that
accounts for the greatest amount of the variance in the
criterion variable, only those predictors meeting some pre-
determined measure of usefulness are added to the equation.
In this way, a large set of habitat variables can be reduced
to a smaller set that is relevant to a given species. The square
of ‘the multiple correlation coefficient (R?) is a measure of
the extent to which the selected predictor variable set
“accounts for” the observed variability in the criterion vari-
able. A review of the studies cited above does not provide
a consistent set of habitat attributes accounting for vari-
ability in introduced bird abundance. These studies were
heavily weighted toward vegetational attributes of the envi-
ronment. The current study was designed to investigate bird-
habitat relationships with greater emphasis on the man-
made component of the urban environment.

STUDY AREA

Syracuse is centrally located in upstate New York and
is approximately centered at 42°2'30” North Latitude and
76°7'30" West Longitude. The corporation limits include
16,425 acres (6650 ha) (SOCPA 1977b) and the metro-
politan area is approximately 17,300 acres (7000 ha) in size
{Rowse 1979). The city has grown from a population of 200
in 1820 to nearly 200,000 by 1970 (SOCPA 1977b). Syr-
acuse is typical of northeastern cities of its age, having
developed from the center outward. The central business
district (CBD) and the oldest residential areas are at the

Integrating Man and Nature in the Metropolitan Environment. Proc. Natl. Symp. on Urban Wildl., Chevy Chase, Md., 4-7 November 1986, L.W. Adams and
D.L. Leedy, eds. Published by Natl. Inst. for Urban Wildl., 10921 Trotting Ridge Way, Columbia, MD 21044, 1987.
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center. Toward the periphery, smaller commercial areas and
newer residential areas were added as the city developed.
As this development moved outward, older residential areas
in the center of the city became dilapidated. Here many
homes became low-income rental property or were razed
and replaced by multiple dwelling units or commercial and
institutional structures (SOCPA 1977b).

All areas of the city can be placed in the traditional
land use categories of commercial, light industrial, residen-
tial, institutional, and open space. Only the heavy industrial
category is lacking (SOCPA 1977a). The dominant land
use type is residential (38%). Open land of various types
comprises 29%. A full description of the physiography,
climate, soils, and biota of Syracuse is reported elsewhere
(Rowse 1979, Syracuse Conservation Advisory Council
1979).

House sparrows and starlings were introduced in New
York City, approximately 175 air miles (280 km) from Syr-
acuse in 1850 and 1890, respectively (Bull 1974, pp. 539
541). Rock doves were established in the Great Lakes region
and the northeastern American Colonies at the beginning
of the 18th Century (Schorger 1952), and feral populations
probably existed in Syracuse prior to the arrival of the other
two introduced bird species.

METHODS

Study Sites

For the 1970 U.S. Census, Syracuse was divided into
63 census tracts. The tracts, of variable area, were calculated
to include roughly equal numbers of people. For the purposes
of this study, 20 of these census tracts were selected so that
tracts that were predominantly commercial, light industrial,
high density residential, and low density residential were all
represented. The sample included areas of both old and new
development.

Within each of the 20 census tracts, five street seg-
ments, evenly dispersed throughout the tract, were selected
from a city street map. This scheme yielded a total sample
of 100 city streets. The sample was later reduced to 99 when
data collection on one street had to be terminated because
all of the buildings and vegetation were razed to make room
for a bus garage.

Bird Counts

Eight summer and eight winter bird counts were made
on each of 99 streets over a period of 2 years. Transects
were walked over a pre-established segment of 328 feet
(100m). All birds seen within 82 feet (25 m) of either side
of the street were tallied by species by a single observer
advancing over the transect at a constant rate of approxi-
mately 0.62 miles/hour (1 km/h). Only birds to the side and
ahead of the observer were counted. Flying birds were counted
only if they were, in the judgment of the observer, flying

into or out of the count area or if they appeared to be
“hunting” (e.g., raptors and gulls) within the area.
Summer counts were made between 1-4 hours after
sunrise from mid-July to the first week in September, 1979
and 1980. This summer period has been considered post-
breeding for the three introduced species (Erskine 1976) but
nest behavior was observed in all three species in late July.
Summer counts were not made during rain or for 1 hour
following rain or when wind velocity exceeded 3 Beaufort
(13-19 kmv/h) or when the temperature exceeded 90°F (33°C).
Winter counts were conducted between 10:00 a.m.
and 2:00 p.m. from mid-January to mid-March, 1980 and
1981. All procedures were the same as those for summer
except that winter counts were not made during heavy
snowfall or when wind velocity exceeded 19 miles/hour (30
km/h) or when the temperature was below 5°F (—15°C).

Habitat Attributes

Twenty-eight habitat variables that were judged to be
nonredundant and that emphasized the built environment
and human activity were selected and measured for each of
the 99 transects. These were as follows: average numbers of
dogs, cats, children, adults and moving automobiles
encountered while making the bird counts; numbers, within
the count area, of bird feeders, windows and doors per unit
building volume, linear wires, transverse wires, T.V. anten-
nas, ventilation louvres, separate buildings, and holes in
buildings; total building volume and mean age of buildings;
proportions of aluminum siding and brick construction within
each count area; proportions of commercial, industrial, and
vacant land within an area of 125 acres (50 ha) surrounding
the transect; proportions of pavement, coniferous cover,
deciduous cover, herbaceous cover, and number of separate
vegetation patches within an area of 2.5 acres (1 ha) sur-
rounding the transect; distance of the transect from the
central business district; and human population density and
proportion of dwellings occupied by owners for the city
blocks adjacent to the transect.

In order to determine if the set of original variables
could be described by a simplified set of compound variables
and to provide a set of uncorrelated predictor variables, the
28 habitat variables were subjected to principal components
analysis and VARIMAX rotation (Nie et al. 1975). Con-
ceptually, this procedure is simply the rotation of a set of
28 uncorrelated (orthogonal) axes into best alignment with
the 28 original variables within the constraints of the VAR-
IMAX criterion.

The results of this procedure yielded little “simplifica-
tion” of the variable set. The first two principal components
in the solution were each highly correlated with more than
one of the original variables. The first was positively cor-
related with number of buildings, number of windows and
doors per unit building volume, and transverse wires. This
principal component is labeled “structural complexity.” The
second principal component was positively correlated with
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area of herbaceous cover and negatively correlated with area
of pavement and is termed “herbaceous-pavement tradeoff.”

The third through the 26th principal components each
had high to moderate correlations with one of the original
habitat variables and are named, in each case, for the most
highly associated variable. The 27th and 28th principal
components were each unrelated to any of the original
variables.

All of the variability in the original set of variables is
expressed in the set of 28 principal components. Each of
the principal components is statistically independent of all
others.

Table 1. Simple correlations (r) among exotic bird abundance indices
and native bird species richness, Syracuse, New York, summer 1979-1980.

Rock dove Starling Native species richness
House sparrow .077 437 .042
Rock dove 110 —.380"
Starling .009

Native species richness

*p < 0.05.

Table 2. Simple correlations (r) among exotic bird abundance indices
and native bird species richness, Syracuse, New York, winter 1980-1981.

RESULTS AND DISCUSSION
Bird Counts

Bird counts for the first and second years of the study
were combined. In each season, each of the three introduced
bird species occurred on more than 90% of the transects
and represented the highest number of total encounters. In
summer, house sparrows, starlings, and rock doves accounted
for 79% of the 9,889 individual birds encountered as follows:
house sparrows, 45%; starlings, 14%; rock doves, 20%. In
winter, the three introduced species accounted for 94% of
9,902 individual encounters as follows: house sparrows, 31%;
starlings, 36%; rock doves, 27%.

In summer, simple correlations among the three intro-
duced species and native bird species richness (number of
native bird species recorded) revealed a small, inverse rela-
tionship between rock dove abundance and native species
richness (Table 1). Also, house sparrow abundance was
positively correlated with starling abundance. Though these
relationships are statistically significant, they are weak.

In winter, the relationship between house sparrows and
starlings was maintained, there was a small positive rela-
tionship between house sparrows and native species rich-
ness, and small negative relationships between both rock
dove and starling abundances and native species richness
(Table 2). Again, these relationships tend to be weak.

Rock dove Starling Native species richness
House sparrow 157 .405° .182°
Rock dove .085 -.218*
Starling —.086"

Native species richness

*p < 0.05.

Table 3.  Elements of the final regression equations for native bird species richness, Syracuse, New York, 1979-1981.

Season Principal Component B Cum. R?

Summer Py (building volume) —.335 133
P; (number of feeders) 311 .209
P, (herbaceous-pavement tradeoff) 300 .299
P, (area coniferous cover) .295 .386
P (number of adults) -.278 .464
P, (area deciduous cover) 278 .541
P (number of automobiles) —.259 608
Ps (number of children) —.204 .649
Ps (number of linear wires) 195 .687
P (age of structures) —.176 718
Py (proportion dwellings owner occupied) .097 742
P (distance from CBD) .094 .765
Pis (human population density) —.075 179
Py (area commercial land use) —.063 .790

Winter P, (area coniferous cover) 375 141
P, (herbaceous-pavement tradeoff) .282 220
Ps (number of children) -.270 .294
Py (age of structures) —.212 .338
Py (area commercial land use) —-.198 .378
P, (number vegetation patches) .194 415
P, {number of feeders) 191 .452
P (area deciduous cover) .184 .486
Pis (number of louvres) .183 .519
Py (distance from CBD) 177 .550
Pg (number of holes) —.158 575
Py (area industrial land use)? .156 .600

2Area of industrial land use is negatively correlated with Py1.
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Bird-Habitat Relationships

Stepwise multiple regression was performed using the
indices of abundance for the three introduced species and
native bird species richness as criterion (dependent) vari-
ables and all 28 principal components as predictor (inde-
pendent) variables. Table 3 shows, for those principal com-
ponents entering the final equations for native bird species
richness, beta-weights and cumulative R? values for each
season. Because the principal components were used as
predictor variables, the values of the beta-weights can be
interpreted as measures of the relative importance of the
components in predicting the criterion variable (Darlington
1968).

In summer, 14 principal components accounted for
79% of the observed variability in this index. Richness
tended to increase with increases in number of feeders; areas
of coniferous, deciduous, and herbaceous cover; number of
linear wires; proportion of dwellings owner occupied; and
distance from the CBD. Richness decreased with increases
in building volume; numbers of adults, automobiles, and
children; age of structures; human population density; and
area of commercial land use. For winter observations, 60%

of the variability in native bird species richness was explained
by 12 principal components. In winter, building volume,
number of automobiles, number of adults, number of linear
wires, proportion of dwellings owner occupied, and human
population density dropped out of the equation. Positive
relationships with number of vegetation patches and number
of louvres and negative relationships with area of industrial
land use and number of holes were added.

Table 4 shows the results of the stepwise multiple
regression solutions for house sparrows, rock doves, and
starlings. The distribution of house sparrows was unrelated
to that of native bird species richness in summer and weakly
related in winter. In both summer and winter, house spar-
rows responded positively to structural complexity and neg-
atively to building volume. The former component, which
accounted for 7% of the variability in summer and 9% in
winter, did not emerge as relevant to the distribution of
native bird species richness. In summer, house sparrows
showed slight affinities for numbers of children, increased
distance from the CBD, and human population density.
Together, these components seem to relate to the intensity
of human residential use which, in turn, may be related to

Table 4. Elements of the final regression equations for house sparrows, rock doves, and starlings, Syracuse, New York, 1979-1981.

Species
Season Principal Component B Cum. R?
House sparrow Ps {number of children) .296 .088
Summer P, (structural complexity) .266 .158
Py (distance from CBD) 218 .206
Pis (human population density) .198 .245
Py (building volume) .184 279
Winter P, (structural complexity) .291 .085
P, (number of feeders) .268 157
Pis (number of louvres) .249 .219
P (number of T.V. antennas) 213 .264
P (building volume) 191 .301
P. (area of coniferous cover) .188 .336
P (number of vegetation patches) 174 .366
Rock Dove P, (herbaceous-pavement tradeoff)* .246 173
Summer P;? 224
P; (number of adults) .235 225
P (age of structures) 195 263
Ps {(number of holes) .183 .296
Pu (number vegetation patches) .178 .328
Winter P, (herbaceous-pavement tradeoff) .299 .089
Py (age of structures) .254 .154
Starling Py (proportion aluminum siding) 227 .052
Summer Py 195 .090
Winter P, (structural complexity) 334 11
Pis (human population density) 282 191
Ps {number of children) 252 254
P, (building volume) .249 316
Py {number of adults) 179 .348
P (age of structures) 174 .378
P, (number vegetation patches) .169 407
P, (area of coniferous cover) .160 433

3First order polynomial term meets statistical criteria.
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an increased food source from refuse. Waste food has been
observed to be an important food source for house sparrows
(Guth 1979). Part of the observed shift in house sparrow
habitat preference from summer to winter can be explained
by noting which habitat attributes were deleted or added to
the predictive equations between seasons. In winter, num-
ber of children, distance from the CBD, and human popu-
lation density were replaced by positive responses to number
of feeders, number of ventilation louvres, number of T.V.
antennas, and number of vegetation patches and a negative
response to area of coniferous cover. The biological rele-
vance of bird feeders is obvious. Larger areas of coniferous
cover were, in this study, associated with suburban sites and
the negative relationship to this component may indicate
that house sparrows tended to move toward the central city
in winter. Numbers of louvres, T.V. antennas, and vege-
tation patches may all be associated with increased shelter.

In both seasons, rock dove abundance was inversely
related to native bird species richness. This observation was
probably due to the great abundance of rock doves in some
central city locations that entirely lacked native species. In
summer, rock dove abundance was related to the herba-
ceous-pavement tradeoff by a “U-shaped” function. Rock
dove numbers declined as area of pavement decreased, reached
a minimum, and then increased. In winter, the relationship
between rock dove abundance and this component was
linearly decreasing. These observations probably resulted
from increased nesting activity in the summer when the
birds tended to move toward residential areas to nest. In
both seasons, rock doves demonstrated an affinity for older
structures. These two components were the only ones that
emerged to explain winter rock dove distributions and
accounted for only 15% of the total variability. In summer,
rock doves responded positively to number of adults and
number of holes and negatively to number of vegetation
patches.

Starling abundance was unrelated to native bird species
richness. In summer, two principal components accounted
for only 9% of the total variability in starling abundance.
The first of these, proportion of buildings with aluminum
siding has no obvious interpretation. The second is virtually
independent of the measured habitat variables. In winter,
the components that predicted variability in starling abun-
dance were structural complexity, human population den-
sity, number of children, building volume, number of adults,
age of structures, number of vegetation patches, and area of
coniferous cover. The pattern was quite similar to that for
house sparrows in summer. In winter, starlings may have
used residential areas, vacated by house sparrows, for food
and shelter.

Though equations based on stepwise evaluation of the
principal components of habitat variation measured in this
study accounted for a relatively high proportion of the vari-
ability in native bird species richness, variability in the
abundances of the three introduced species was poorly

described. The introduced species tended to be distributed
independently of native bird species richness. For the most
part, summer starlings and winter rock doves were distrib-
uted randomly relative to the measured habitat variables.
House sparrows tended to move out of areas of heavy resi-
dential use in winter and were replaced by starlings.
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Factors Influencing the Distribution and Abundance of
Burrowing Owls in Cape Coral, Florida

TED WESEMANN AND MATTHEW ROWE, Department of Biology, Appalachian State University, Boone, NC 28608

INTRODUCTION

Birds have often been used to assess the impact of
human activity on the environment (e.g., Carson 1962).
The dangers of pesticide misuse discussed in Carson’s essay
were, at least in part, identified by the decline of many
songbird populations in the United States. Moreover birds,
because of their size and mobility, provide an excellent tool
for assessing environmental changes that might occur over
relatively short intervals of time or distance (but see Mor-
rison 1986). Perhaps this is why habitat selection has been
studied in more detail in birds than in any other group of
animals (Krebs 1978, Cody 1985). Most of these studies,
however, have focused on birds in “natural” environments
(see Cody 1985, and other references therein). Habitat
selection by birds in urban or other human-modified habitats
has received much less attention (but see Emlen 1974;
Gehlbach 1986a, b; and the papers by Roth, and Johnsen
and VanDruff in this volume), even though it is in just such
habitats where birds might provide a very useful measure of
environmental quality or at least environmental change.
The burrowing owl (Athene cunicularia) provides an excel-
lent opportunity to study habitat selection in an urban bird.

BACKGROUND

Burrowing owls are small owls found only in the western
hemisphere. Three aspects of burrowing owl natural history
distinguish these owls from most other owl species (for more
background on burrowing owl ecology, see Coulombe 1971,
Thomsen 1971, and Martin 1973). First, burrowing owls
are frequently active during the day. Second, these owls
often nest in loose colonies. And third, burrowing owls nest
underground. Two subspecies of burrowing owls are present
in North America. The western subspecies (A.c. hypugaea)
has been well studied. Two aspects of the biology of the
western burrowing owl appear to influence both its regional

and local abundance. First, it prefers areas of short vegeta-
tion, being resident throughout much of the arid grasslands
and prairies of western North America (Coulombe 1971,
Thomsen 1971, Butts 1973, Martin 1973). And second,
this subspecies rarely, if ever, digs its own burrow (Butts
and Lewis 1982, Green 1983). Instead, it occupies the
abandoned dens of colonial, burrowing rodents such as ground
squirrels (Spermophilus beecheyi) and prairie dogs (Cynomys
ludovicianus) (Rowe et al. 1986). The local abundance of
western burrowing owls thus appears strongly affected by
the presence and abundance of burrowing rodents (Butts
and Lewis 1982).

The biology of the eastern subspecies (A.c. floridana)
has received much less attention. This subspecies breeds
throughout Florida and southward into the Bahamas and
West Indies. In Florida, this owl has traditionally inhabited
the open prairies of the south and central parts of the state
and, like its western cousin, prefers areas of short vegetation
(Hennemann 1980). Unlike the western subspecies, how-
ever, the Florida burrowing owl excavates its own burrow
(Neill 1954, Courser 1976). The absence of colonial, bur-
rowing rodents in Florida may explain why the Florida bur-
rowing owl both digs its own burrow and is less communal
than its western counterpart (Eckert 1974). Burrow avail-
ability thus does not appear to be as critical a limiting factor
for the eastern subspecies of the burrowing owl. It should
be noted that burrows abandoned by gopher tortoises
(Gopherus polyphemus) may occasionally be used by owls in
Florida (Betz 1932, Harrison 1975). Such use is probably
rare, however, as owls and tortoises prefer different habitats
(Pennock 1922, pers. obs.).

Several authors have reported decreasing burrowing
owl populations in the West (Collins 1979, Aufforth 1981).
This decline is blamed both on the loss of habitat to devel-
opment and the loss of nesting sites due to poisoning cam-
paigns against ground squirrels and prairie dogs (Butts and
Lewis 1982). Several reports from Florida also suggest that
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burrowing owl populations may be declining in that state
(Nicholson 1954, Norris 1978). Clearing of land for com-
mercial, residential, and agricultural development is obviously
continuing in Florida, as elsewhere, and has caused the
decline of many species. Yet Ligon (1963) and Courser
(1979) have recorded significant range expansion of the
burrowing owl throughout Florida. As mentioned earlier,
short prairie-like vegetation appears to be a critical habitat
requirement for these owls, and the clearing of land for
development often provides this open habitat. Moreover,
Martin (1973) stated that the burrowing owl is the raptor
least affected by human disturbance; owls are commonly
found within city limits in the West (Eckert 1974). It is just
such urban and disturbed areas where much of the recent
research on burrowing owls has been conducted (Coulombe
1971, Thomsen 1971, Courser 1976). How can such con-
flicting reports be interpreted? Might development be both
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Fig. 1. Location of the study site in Cape Coral, Florida.
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the boon and the bane of the burrowing owl in North
America? These and other questions prompted our inves-
tigation of the factors affecting burrowing owl distribution
and abundance in Cape Coral, Florida. The objective was
to examine a well-established population of burrowing owls
in an urban environment, and specifically, to identify the
habitat parameters that make these areas attractive to owls.

METHODS
Study Site Description

Cape Coral is located on the southern Gulf coast of
Florida. The city is on a peninsula bounded by Matlacha
Pass on the west and the Caloosahatchee River on the east
(Fig. 1). Earlier in this century, homesteaders cleared much
of this land of palmetto-pine forests for agriculture (Zeiss
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1983). Unfortunately, no published reports on the status of
burrowing owls in Cape Coral from this period have been
found, but densities were probably low. In the 1950’, the
Gulf American Land Corporation purchased the land, most
of which was being used as cattle range at the time. An
extensive system of canals was excavated. The dredged
material was used to fill marshes and mangrove swamps, thus
elevating the land several meters above sea level in order to
build on it. The developers were ambitious—cutting, dredg-
ing, and filling cleared an area of approximately 100 mi?
(161 km?), and probably opened this area for colonization
by burrowing owls. Residential and commercial construc-
tion began in 1958 in the southeast corner of the peninsula
(Bernard 1983), and has since been gradually continuing
northward and westward. Development is most dense in the
east, moderate in the center of the peninsula, and negligible
in the west. The availability of vacant habitat for burrowing
owls, therefore, is graded from east to west. For this reason,
a 6-mile-long (9.6 km) east-to-west transect across the entire
peninsula was selected for study (Fig. 1). The transect was
2 miles (3.2 km) wide and encompassed approximately 12
mi® (19.3 km?). Vegetation in vacant lots is mowed regularly
by city mowing crews, thus maintaining a short-grass habitat
throughout the study site. ‘

The study site was subdivided into 14 study areas. With
the exception of the areas on the eastern and western bound-
aries (areas bounded by the river and the pass, respectively),
each study area equaled approximately 1 mi? (1.61 km?).
The two eastern edge and two western edge areas each
encompassed about half this area.

With the exception of a municipal golf course and one
scrubland area, all the land in the study site was within 55
yards (50 m) of a road. It was therefore possible to search
for owls and burrows by automobile. The study site was
searched five times: in December, 1984; in March, May,
and September, 1985; and in March, 1986. The location of
each burrow was plotted on maps of each study area and
designated as a home, satellite, or inactive burrow. Burrow-
ing owls often utilize several, nearby satellite burrows in
addition to the home, or nest, burrow (Thomsen 1971,
Butts 1973). When a burrow was located, a wooden stake
with an identifying number was driven into the ground near
the entrance. The number of owls at each home burrow was
recorded. Also noted was the collapse or destruction of any
burrows and the cause, where determinable.

Factors Influencing Burrowing Owl Distribution
and Abundance

During the study, data on four factors that might be
affecting burrowing owl distribution and abundance in Cape
Coral were compiled. These factors are briefly outlined below
(see Wesemann 1986 for further details).

Percent Development.—Development here refers to both
residential and commercial structures and landscaping. Per-
cent development might be a critical factor because burrow-

ing owls are ground nesters and require vacant lots for
burrows. Owls obviously cannot burrow in parking lots.
They also apparently find it difficult to dig through the thick,
fibrous grasses, such as Zoysia sp. that constitute the lawns
of Cape Coral.

It was possible to calculate precisely how much unde-
veloped, vacant land was available to owls in each study
area by using the Land Use Survey Data Sheets compiled
monthly by the City of Cape Coral.

Soil Composition.—Because the Florida burrowing owl
usually excavates its own den, soil composition may be a
critical factor for these owls. The soil of Cape Coral is
identified as the Matlacha Series (SCS 1984), which is
characterized by poorly drained deposits that have been
leveled for urban use. This soil is composed of shell frag-
ments, limestone fragments, and mixed sands. In order to
determine soil composition in each of the study areas and
correlate this with owl distribution, four sites per mi’ were
systematically sampled. These samples were analyzed to
determine percent sand (USDA 1951), as sandy soils should
be more easily excavated by owls (Butts and Lewis 1982).
The soil samples from each area were used to calculate the
average percent sand per study area. Values from each study
area were then used to calculate the average “sandiness” of
the study site as a whole.

After sampling soil composition systematically, soil
samples next to 30 randomly selected burrows were taken
to determine what type of soil the owls might actually be
selecting. These samples also were analyzed and average
percent sand at burrows was calculated.

Prey Abundance.—Prey availability appears to play a
significant role in habitat selection by raptors (see Janes
1985, and references cited therein). Most reports of the
diets of Florida burrowing owls are described in very general
terms (but see Lewis 1973, Hennemann 1980). The con-
sensus from both western and Florida studies is that burrow-
ing owls most frequently eat insects, but that vertebrates
may be more important by virtue of their greater biomass
(Jaksi¢ and Marti 1981). Two measures of prey abundance,
one for vertebrate prey and one for invertebrates, were
therefore included in this study.

Because little prey analysis had been done in Florida,
pellet analyses were conducted to determine what the owls
in Cape Coral were eating. Seventy pellets collected in
December, 1984, and 70 pellets in May, 1985, were ana-
lyzed. These (see Wesemann 1986) and other diet analyses
(Lewis 1973, Marti 1974, Tyler 1983) identified ground-
dwelling insects as the prey item most frequently taken by
burrowing owls. Pitfall traps were therefore used to estimate
the relative abundance of insects in each of the 14 study
areas. Trapping was systematically conducted in May and
September, 1985, with a minimum of two traps per study
area each month. The contents from each trap were oven-
dried and weighed. Data from the May and September
samples were pooled. Grams of insects/trap/study area were
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then calculated and used as a relative measure of insect prey
abundance for statistical analyses.

The most frequently taken vertebrate prey in the pellet
samples was the brown anole (Anolis sagrei) (Wesemann
1986). Although these lizards represent only about 3% of
the owls’ diet on an item basis, it is one of the largest items
eaten by the owls and constitutes a large portion of the
biomass taken by the owls in Cape Coral (Wesemann 1986).
We therefore censused anoles across the study site. One
developed lot and an adjacent vacant lot in each study area
were randomly selected and searched on foot. The total
number of anoles sighted per lot was recorded.

Data on each of the four factors were compiled and
correlated with number of adult owls/vacant ha. Using owls/
vacant ha is more accurate than total number of owls/study
area because the actual available habitat for owls varies
between study areas. Also, we used the number of adult
owls in May, 1985 (rather than any of the other four census
periods), for calculating the dependent variable (number of
owls/vacant ha) as this was the height of the breeding season
when the greatest number of owls were present. Although
birds must also select habitat in both wintering quarters as
well as during migration, breeding may place additional
pressures on animals to choose optimal habitat (Cody 1985).
The May census was therefore deemed the most appropriate
for assessing the environmental variables important to bur-
rowing owls. Results were not, however, significantly altered
when data from the other censuses were used. A multiple
linear regression (SPSS New Regression, Hull and Nie 1981)
was calculated using owls/vacant ha (Fig. 2B) as the depen-
dent variable, with percent development, percent sand,
insect abundance, and anole abundance (Fig. 2C) as the
independent variables. The output from this analysis also
provided values for the univariate correlation of number of
owls/vacant ha with each of the independent variables. All
univariate statistical tests are from Bruning and Kintz (1977).

RESULTS

Burrowing Owl Distribution and Density

Study Area 2 had the densest population of owls with
87 adults in 45 home burrows (Fig. 2A, B). This may be
the highest breeding density recorded for any raptor species
in North America. It certainly surpasses by far any previously
recorded densities for burrowing owls. Both Coulombe (1971)
and Norris (1978), for example, suggested that burrowing
owl densities in optimum habitat may be approximately 20
owls per mi®. Study Area 2 had over four times this density
of adult burrowing owls.

The number and density of owls in Cape Coral are not,
however, static. Burrowing owl numbers tend to increase in
spring and decrease in autumn (Wesemann 1986). This
probably reflects the dispersal of owls after the breeding
season, which also has been noted by other investigators in
Florida and in the West (Courser 1976, Martin 1973).
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Fig. 2. Distribution of home burrows (A), number of adult owls per
vacant hectare (B) in the 14 study areas, May, 1985, and factors influencing
owl distribution and abundance (C). Values presented in (C) for each
study are, from top to bottom: percent development, average percent sand,
and insect (gm/trap) and anole abundance (number/developed lot).

Readers interested in the population dynamics of burrowing
owls in the Cape Coral area are encouraged to see Wese-
mann (1986).

Factors Influencing Owl Distribution

Percent Development. —There is a well-defined gradient
of development across the study site, with the areas of
greatest development in the east. In May, 1985, the percent
of residential and commercial development ranged from
0.5% in the western Study Area 8 to 72% in the eastern
Study Area 12 (Fig. 2C). The correlation between number
of owls/vacant ha in May and percent development was
positive but not significant (r=0.498, 0.05<P<0.10, df=12;
Fig. 3A).

Soil Composition.—The mean percent sand per study
area ranged from 67.8% in Study Area 7 to 97.3% in Study
Area 10 (Fig. 2C). These measures may be less reliable than
we had hoped, as there appeared to be extreme variability
in “sandiness” even within areas. Therefore it is not sur-
prising that the correlation between number of owls/vacant
ha in each study area in May and percent sand in each area
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was not significant (r=0.113, P>0.20, df = 12). This lack
of correlation between percent sand and number of owls/
vacant ha may thus correctly reflect the high variability of
sandiness within areas. The soil next to 30 burrows also was
analyzed to determine what type of soil the owls might
actually be selecting within a given area. The mean percent
sand at these 30 burrow sites was 94.6%. The average san-
diness of the entire study site, however, was only 84.1%
(calculated by averaging across all 14 study areas, Fig. 2C).
The difference between average percent sand of the study
site and percent sand at the 30 randomly selected burrows
was highly significant (t=7.82, P<0.001, df=42). This
suggests that the owls indeed prefer very sandy soils, prob-
ably because these soils are easier to excavate (Butts and
Lewis 1982). Burrowing owls may thus be excluded from
certain sites within a given study area because the soil is too
hard, even though soil composition, per se, may be too
variable to explain differences in burrowing owl densities
between study areas.

Incidentally, 14% of the 301 burrows (home, satellite,
and inactive) counted during the entire study were destroyed
by automobiles, mowers, home construction, or directly by
people. Although this figure may seem high, nearly 37% of
the censused burrows collapsed from apparent natural causes,
such as flooding from rainstorms or because the burrows
were too shallow. A univariate correlation between percent
collapsed burrows per area and percent sand per area was
significant (r=0.787, P<0.01, df=10). This suggests a
trade-off for the owls in their choice of a burrow site. Owls
prefer sandy soils in which to burrow, but these soils collapse
more easily. Collapsed burrows were redug and reused in 15
instances. Two burrows were even redug twice after col-
lapses. Such persistence demonstrates a remarkable site
tenacity by these owls, suggesting that the benefit of digging
in sandy soils outweighs the potential cost of burrow col-
lapse.

Prey Abundance.—Insect abundance ranged from a low
of 0.08 gm/trap in Study Area 7 to a high of 1.90 gm/trap
in Study Areas 1 and 12 (Fig. 2C). The correlation between
number of owls/vacant ha in May and grams of insects/trap
was positive but not significant (r=0.326, P>0.20, df=12).

The mean number of anoles across all 14 study areas
on developed lots was 13.93 per lot, significantly greater
than the mean number of anoles on vacant lots, which was
only 0.5 per lot (t=4.08, P<0.001, df=26). The low
number of anoles on vacant lots was expected because the
lack of vegetation on vacant lots in Cape Coral results in
poor habitat for anoles, which frequent trees and shrubs
(Behler and King 1979). Because of the low number of
anoles on vacant lots, this measure was not included in
subsequent calculations. The correlation between number
of owls/vacant ha in May and anole abundance on developed
lots was positive but not significant (r=0.306, P>0.20,
df=12; Fig. 3B).

To summarize, none of the univariate correlations

between number of owls/vacant ha and any of the four
factors examined (percent development, percent sand, insect
abundance, and anole abundance) were significant. None
of these variables, by itself, appears to explain differences
in burrowing owl densities across the study areas. A multiple
linear regression (Hull and Nie 1981) was thus computed
to determine if the four factors combined could reliably
predict the number of adult owls/vacant ha.

This multiple regression also was not significant
(R=0.698, P>0.15, df=4,9). Only 48.7% of the vari-
ability in the dependent variable (number of adult owls/
vacant ha) was explained by all four factors combined. There
were, however, significant univariate correlations among
several of the independent variables themselves, namely:
percent development with insect abundance (r=0.818,
P<0.001, df = 12); percent development with anole abun-
dance (r=0.857, P<0.001, df=12); and anole abundance
with insect abundance (r=0.588, P<0.05, df=12).

When the number of owls/vacant ha was plotted with
percent development in all 14 areas (Fig. 3A), a pattern
emerged. The number of owls/vacant ha appeared to peak
at around 60% development. In fact, it looked as though
urbanization might even have a negative effect on the num-
ber of owls/vacant ha above this 60% development level
(variability certainly increases). The 14 study areas were
therefore divided into those less than and those greater than
60% development. The univariate and multivariate analyses
outlined above were then repeated. Several significant rela-
tionships were revealed when analyses were split in this
manner. On the univariate level, the number of owls/vacant
ha was now significantly correlated with development below
the 60% level (r=0.929, P<0.001, df=7; Fig. 3C, solid
regression line). Owl density actually appeared to be nega-
tively affected by levels of development greater than 60%
(r=—0.832, 0.05<P<0.10, df=3; Fig. 3C, dashed regres-
sion line). The lack of a relationship between owl density
and anole abundance previously reported (Fig. 3B) also
changed; below 60% development the number of owls/vacant
ha and anole abundance were now significantly correlated
(r=0.929, P<0.001, df=7; Fig. 3D).

When the multivariate analysis was repeated using only
those areas with less than 60% development, the regression
was highly significant (R=0.993, P<0.001, df=4,4).
Moreover, 98.6% of the variability in the dependent vari-
able (number of owls/vacant ha) could be explained by the
four independent variables acting simultaneously. Although
only one of the four independent variables, anole abun-
dance, contributed significantly, by itself, to the prediction
equation (reg. coef. =0.014, t=3.45, P<0.03), percent
development was close to being significant (reg. coef. =0.005,
t=2.36, P<0.08). The fact that anole abundance and per-
cent development are the most important variables in the
multiple regression is not surprising given their highly sig-
nificant univariate correlations with owl densities (below
60% development), mentioned above. It also is no surprise
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that little of the variance in the dependent variable was
uniquely explained by any given independent variable. Anole
abundance, for example, explained only an additional 4.27%
of the variability in the number of owls/vacant ha after entry
of the other independent variables into the regression. Most
of the variance in owl density is shared among all four
factors, a result consistent with the high correlations among
several of the independent variables themselves.

Multivariate analysis of those study areas greater than
60% development was not possible due to the small sample
size (N=5).

DISCUSSION

The distribution of adult burrowing owls at the study
site in May, 1985 (Fig. 2A), suggests that owls are selecting
areas of high residential development over adjacent, less
urbanized tracts. Indeed, owl densities in Cape Coral are
actually highest in areas with 54% to 64% urbanization.
Why? The answer appears to be food. The significant uni-
variate correlations of percent development with the abun-
dance of both anoles and insects suggest that where there
are more houses there is more food for burrowing owls (see
Emlen 1974, and Gehlbach 1986a,b for additional examples
of urban effects on avian food supplies). But why should
this be so? Insects may be more common in developed areas
because the diversity and abundance of vegetation is greater
in the landscaped, urban areas. Perhaps more importantly,
these areas are artificially watered all year long, unlike the
undeveloped tracts. The greater abundance of anoles in the
urban areas may simply be related to this positive correlation
between percent development and insect abundance. The
ground-dwelling insect species sampled in this study included
many species eaten by both anoles and burrowing owls.
Anoles, therefore, may be selecting urban areas both because
of the enhanced vegetative cover as well as the greater
availability of their insect prey. But not only do the devel-
oped areas have more anoles per house, they also have more
houses, meaning that the total number of anoles available
to owls in highly developed zones is much greater than in
less developed areas. The owls appear to be tracking this
increased insect and anole availability in urbanized areas,
at least up a point. Owl density was significantly correlated
with percent development, but only when the most urban-
ized areas ( > 60% development) were excluded from anal-
ysis (Fig. 3C). When development surpasses 60%, owl dens-
ities drop, even though anole and insect abundance con-
tinue to rise. In areas with greater than 60% development,
then, other environmental or behavioral factors must inter-
fere with the benefits owls derive from the greater prey
availability in urban areas. One such adverse factor expected
to increase with percent development is the level of distur-
bance to owls by humans, such as burrow vandalism, harass-
ment by pets, and increased owl mortality from collisions
with automobiles. Another factor that may explain the

decrease in owl densities in areas with greater than 60%
development is simply insufficient open space. Burrowing
owls may require a critical minimal area of vacant land (e.g.,
for hunting); once this minimum is surpassed by develop-
ment, the area may become less suitable for burrowing owls.

Which of the two prey groups, insects or anoles, best
explains the positive relationship between owl density and
urbanization at levels below 60% development? Though
insects are taken more frequently, anoles are larger and may
constitute a significant portion of the biomass taken by
burrowing owls in Cape Coral (Wesemann 1986). More-
over, there is limited evidence that owls in Cape Coral
increase their take of anoles during the breeding season,
when energy stress might be highest (Wesemann 1986). A
similar pattern is exhibited by spotted owls (Strix occiden-
talis), which select larger prey while feeding young than
during courtship and incubation (Barrows, pers. comm.).
The availability of prey with greater biomass (anoles) when
young are being fed may be a critical factor in habitat
selection by burrowing owls in Cape Coral. This is supported
by the singly significant contribution of anole abundance to
the multiple linear regression. Remember, however, that
many of the independent variables were correlated among
themselves; identifying any single factor as the best predictor
of owl density in Cape Coral would therefore be misleading.

One other aspect of habitat selection that may be
influencing the present distribution of burrowing owls in
Cape Coral needs mentioning; i.e., site fidelity or philo-
patry. Many bird species will consistently return to old
nesting sites, even if the habitat there is deteriorating (Krebs
1978). Such site fidelity may mean that some species of birds
exhibit little “choice” when selecting habitats (see Cody
1985). Burrowing owls are known to be at least mildly site
tenacious (Martin 1973, Aufforth 1981). In addition to
optimum habitat selection, then, the present distribution
of owls in Cape Coral may reflect an original colonization
by this species of the southeast comer of the peninsula.
Burrowing owls appear to be moving into the less developed
western areas of the peninsula as the eastern areas reach
intolerable levels of residential development (Wesemann
1986). Even then, the owls may only move a short distance
because they are site specific. Nonetheless, the results of
our analyses strongly suggest that owls are actually attracted
to areas of moderate housing density.

EPILOGUE

Urbanization appears to have both positive and nega-
tive effects on burrowing owl densities in southwestern Flor-
ida. By cutting forests and draining swamps, development
has opened new habitat for burrowing owls to colonize, and
urban areas are rich in the prey species eaten by owls. Yet,
too much development drives owls away. What, then, will
be the fate of the burrowing owl in Florida? The owls’
breeding range may still be expanding in the state due to
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continued clearing of land for development. A naive con-
clusion might suggest these owls will benefit from urbani-
zation, but this is a shortsighted view. Urban property is
usually too valuable to humans not to develop residential
communities far beyond the tolerance level of burrowing
owls. Any benefit the owls will realize in terms of newly-
available habitat and enhanced prey abundance will be
short-lived. Courser (1976) has already documented
decreasing owl numbers in urban areas. The period between
initially opening the habitat for owl colonization and the
point where development exceeds the tolerance limits of
the owls will undoubtedly decrease as the demands on the
land by an expanding human population increases.

This owl is currently classified as a species of special
concern by the state of Florida (Heller, pers. comm.). Iron-
ically, this affords the owls protection from harassment by
individuals but little legal protection from development. A
building permit can be postponed until young owls are fledged,
but because no one monitors active burrows, construction
crews are on their honor to report nesting sites. Naturally,
this is rare, and destruction of both nests and nesting habitat
continues.

On a positive note, Cape Coral residents in Study Area
1 reported an increase in the number of owls after a tem-
porary decline several years ago. Although this area pres-
ently has a 63% level of development, there is little further
home construction, possibly due to the inflated cost of these
preferred riverside lots. Because the rate of new home con-
struction will probably continue to be greatest in the areas
where lots are less expensive, the high cost of real estate in
highly developed areas may leave enough vacant lots for the
burrowing owls to survive in these areas.

Equally encouraging, the Florida Department of Game
and Freshwater Fish is now exploring the possibility of using
this research as a foundation for maintaining healthy pop-
ulations of burrowing owls in developed areas such as Cape
Coral (Millsap, pers. comm.). With sound management
criteria and a public desire, continued urban expansion need
not spell the doom of this unique owl in Florida.
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Assessment of Habitat Quality for Wood Thrush in a

Residential Area

RoLAND R. RoTH, Department of Entomology and Applied Ecology, University of Delaware, Newark, DE 19717-1303

INTRODUCTION

Songbirds on a residential lot may be considered an
asset, especially if the birds are visually or auditorially pleas-
ing and create no nuisance or pest situations. Certain habitat
features can attract individual birds to a site and contribute
to their success, i.e., act as proximate and ultimate factors
of habitat selection (Hildén 1965). Finally, habitat can be
preserved and enhanced (i.e., managed) so as to maintain
or improve its attractiveness and usefulness to songbirds
without serious loss of aesthetic qualities. Translating these
three assertions into reality is not easy in an urban environ-
ment. One not only must identify a set of variables associ-
ated with presence and success of a species or set of species;
one also must determine which have functional significance
and how to produce and maintain those features in a way
that is feasible and acceptable for the site, the homeowner,
and the neighbors. This paper concentrates on the first task,
identification of variables, for a migrant passerine, the wood
thrush (Hylocichla mustelina).

Its song, appearance, and lack of nuisance qualities
(unless one dislikes bird songs at dawn) make the wood
thrush an asset to a residential area and thus a species worth
attracting and holding. Wood thrushes are more tolerant of
forest fragments and edges than most tropical forest migrants
(Whitcomb et al. 1981) and occur in residential areas with
a semblance of forest-like habitat. With some attention to
habitat protection and maintenance during and after con-
struction, a builder and resident can make an area attractive
and useful to the species.

In this paper, I use multiple regression and comparisons
of extreme groups to identify factors associated with seven
measures of presence and success of wood thrushes living on
individual residential lots. The measures represent manage-
ment goals ranging from the simple, aesthetic one of pres-
ence of birds to population-oriented ones about breeding
success, site fidelity, and general quality. The double-screening
yields a preliminary list of 16 variables representing general

habitat features also reported by other workers. I estimate
limits of quality for the variables and the probabilities of
achieving management goals with the caveat that the mod-
els are preliminary and untested.

STUDY AREA

The 32-acre (1a = 0.405 ha) study area of 70 lots and
two intervening streets was in the center of Arbour Park, a
residential area built from 196668 in Newark, Delaware,
on a wooded slope and terrace above a forested floodplain.
Non-street and -sidewalk area equaled 29 acres. A street
and one row of homes separated the study area from adja-
cent, undeveloped woodland or parkland of various areas
and depths (Fig. 1).

The extent to which forest vegetation and conditions
remained varied considerably among lots (Fig. 1). All still
had trees in the rear yard, but the extent varied from a few
trees at the extreme rear border to solid tree canopy extend-
ing to the house. Some had retained original trees (especially
American beech, Fagus grandifolia) as specimens or groups
in the side and front yards, often of sufficient size and number
to produce a solid tree canopy there as well. The collective
effect of these trees was a continuous, semi-forested strip
38-350 ft (1ft = 0.305m) wide through the center of each
block. Some owners had retained the natural forest under-
story (leaf litter, herbs, shrubs) in the rear areas. Others
had cleared the understory and often substituted bare ground,
moss, or ornamental ground cover for herbs and leaf litter.

American beech had a frequency of 33% in the canopy
(above 15 ft) along transects that sampled entire lots (see
Methods, Profile Transects). The next four highest frequen-
cies belonged to maples, Acer spp., mostly rubrum (17%);
tulip poplar, Liriodendron tulipifera (13%); sweetgum, Liqui-
dambar styraciflua (9%); and white oak, Quercus alba (8%).
Beeches comprised 20% of all stems = 1 inch (1 in = 2.5
cm) dbh in the rear strips (see Methods, Belt Transect).
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Fig. 1. Map of Arbour Park study area and surroundings. Lots are numbered sequentially from lower right to left.

Yellow poplar (12%), maples (10%), sweetgum (8%),
American hombeam, Carpinus carolinianum (8%), and black
gum, Nyssa sylvatica (6%) had the next higher relative
densities there. Viburnum spp., mainly dentatum and pruni-
folium (4%), and flowering dogwood, Cornus florida (3%),
also were in the understory. Shrubs (1-2 in dbh) were 49%,
and trees (= 5 in) 38%, of the stems in the strips.

METHODS

Habitat Characteristics

Profile Transect. —Three transects perpendicular to the
long axis of the house, through the center of the lot and at
a prescribed distance from each edge, sampled various veg-
etational components between the front walk and rear line.
Sample points were 15 ft apart, yielding 26—43 points/lot.

A l-inch rod 10 ft long was set vertically at each sample
point. The type of ground cover on which the pole rested
was recorded. In this analysis, I used only four of those
recorded: moss, litter (leaves, dead stems, compost), bare

ground, and grass. [ also recorded whether bark or foliage
touched the pole at least once in each 1-foot interval between
1 and 15 ft. This technique allowed calculation of cover for
various height intervals.

At each point, I also estimated the portion of sky
blocked by plant cover above 15 ft in each of four 0.5- by
0.5-in squares secured to the end of a tube 4.5 in long held
vertically. Thus, the total number of estimates was 4X the
number of sample points. | recorded all species that com-
prised the canopy above 15 ft at each point. This permitted
calculations of frequency of occurrence of canopy trees.

Belt Transect.—1I sampled density and diameter of woody
stems (= 1 in) in the rear-yard strips using a belt transect
11 ft wide centered 30 ft from the back line. The transect
ran parallel to the rear property line and from edge to edge
of each lot.

Water Conditions.—In July, 1982, an assistant sketched
a detailed map of springs, seeps, depressions, and drains and
characterized them as moist, soggy, or with standing, seep-
ing, or trickling water. I later gave each lot a score ranging
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from O (no wet spots) to 4 (surface water) based on that
map.

Tree Cover.—Areas of significant, solid tree canopy
(Fig. 1) were mapped by pacing. Isolated groups were included
if they consisted of several large trees. The area of tree cover
was determined from the maps by polar planimetry.

Birds

Wood thrush data were collected from 2 May—10 August
1980-'83 between 8:00 am and 5:30 pm EDT. Agreements
with the residents precluded work outside these hours and
on weekends. Frequent searches for nests and regular mon-
itoring of them determined number of nests built and fledg-
ling production.

General mist-netting and captures of females flushed
from nests and males attracted by song-playbacks yielded
information on spatial use. Color-banding the adults and
nestlings allowed me to determine ownership of nests and
fledglings, to recognize returning birds, and to determine
spatial use of the area.

Detections of birds made during daily work as well as
during intentional censuses were plotted on field maps.
These records plus nest and capture locations comprised
composite maps from which I determined usage areas (“ter-
ritories”) for individual pairs. I drew the borders conserva-
tively, ignoring extreme movements of individuals from the
general cluster of observations. Some territories overlapped
in space but not in time. I compromised on boundaries where
records for adjacent pairs overlapped spatially and tempo-
rally.

Variables

Dependent Variables.—Six dependent variables were
quantifications of six points along a continuum of manage-
ment goals (Table 1). The goals with respect to each lot
were: (1) annual inclusion in a territory; (2) annual use for
significant life activities, e.g., nesting, feeding, or singing;
(3) annual use for nesting; (4) production of young; (5)
production of young by birds significantly using the lot; and
(6) return of adults in subsequent years.

YRSOVLP measures the simplest goal: birds present in
yard. The data for it and No. 2 came from the composite

Table 1. Dependent variables determined for each house lot.

1. YRSOVLP—Number of years in which = 25% of lot used.
2. YRSACT-—Number of years with significant activity on the lot. See
text.
. YRSWNST—Number of years with = 1 nest regardless of outcome.
. TOTYG—Total number of fledglings in 4 years.
. YGOVTER—Total number fledged by parents significantly using (See
Variable 2) a lot.
6. RETURNS—Number of cases in which a lot was reused by a previous
user, even if a year intervened without return.
7. QUASCOR—A composite of Variables 1-6. See text for calculation.

(W R N}

maps. YRSACT evaluates a property in terms of its contri-
bution to a pair’s life based on the occurrence of significant
activity on the lot. A territory might include a property,
but because of habitat limitations, the birds might use it
very little. Significant activities were nesting, unless on the
extreme edge of the property, or repeated observations of
feeding or singing.

Variables 3—5 focus on the critical aspect of reproduc-
tion. I chose YRSWNST instead of number of nests because
a high number of nests may indicate a high degree of failure
as well as an attractive site. Two better measures are the
number of young produced—on the lot itself (TOTYG) and
by all territory owners significantly using the lot (YGOV-
TER). The latter gives value to a lot for contributing to
success even if no nest is on the lot itself.

Variable 6 measures the property’s capacity to hold
birds. Numerous studies have shown greater site fidelity or
return rates for birds that have been successful (Gauthreaux
1982, Greenwood and Harvey 1982). In asense, RETURNS
may measure the bird’s assessment of quality. A return within
one territory width has been used to quantify site fidelity
(Harvey et al. 1979). I used a more stringent criterion for
counting a return; the bird’s subsequent territory had to
include the lot used previously.

A seventh dependent variable is a composite measure
of quality, QUASCOR, calculated as follows. determined
the number of times a lot fell into the upper two or lower
two performance classes for each of the other six dependent
variables. (See Fig. 2 for those classes.) When I subtracted
the number of lows from the number of highs, a value within
the range of + 6 (all upper classes) to — 6 (all lower classes)
resulted. To eliminate problems of sign, I sequentially num-
bered each value in the range starting with zero for —6.
Thus, QUASCOR ranged from 0 to 12.

Independent Variables.—The list of variables that were
tested (Table 2) is greatly reduced from the many possibil-
ities in the data collected. I eliminated species and ground
cover types that were of low abundance, were little used by
wood thrush for nesting, or which previous experience indi-
cated would be irrelevant to the goals of this analysis. I
ignored all but one combinational variable for the sake of
simplicity.

Variables 1-9 come from the belt transect data and
only describe the forested strip in the rear yards. They reflect
the effects of owners’ thinning activities as well as natural
spatial variation in species composition.

Variables 10—14 reflect two methods of indexing den-
sity of cover in space, variations on themes tried before
(e.g., Karr 1968, Karr and Roth 1971, Roth 1979). They
use data from the profile transects. VLCO (Nos. 10-12)
calculates cover as a percent of the number of intersections
of height intervals and sample points in space. That is, it
equals [total contacts over all heights and sample points/
(number of sample points X number of heights being con-

sidered)] X 100. In contrast, PTCO (Nos. 13-14) equals
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Table 2. Independent variables determined for each house lot and used
in the analysis.

. SHRD—Shrub density (1-2 in dbh)

TRED—Tree density (= 5 in dbh)

STMD—Stem density (= 1 in dbh)

ABD—Density of American beech®

VIBD—Vibumum density*

HD—American hornbeam density*

MD—Maple (Acer spp.) density*

SGD—Sweetgum density

. TPD—Tulip poplar density*

10. VLCOTOT—Volume cover at 1-15 ft. See text for calculation.

11. VLCOLO—Volume cover at 1-7 ft. See 10.

12. VLCOHI—Volume cover at 8-15 ft. See 10.

13. PTCOLO—Percent cover 1-7 ft. See text for calculation.

14. PTCOHI—Percent cover 8-15 ft. See 13.

15. CANCOV—Mean percent of sky covered by vegetation = 15 ft

above ground.

16. ABF—American beech frequency. Percent of points over which
American beech occurred in canopy = 15 ft.

17. HF—American hornbeam frequency. See 16.

18. MF—Maple frequency. See 16.

19. SGF—Sweetgum frequency. See 16.

20. TPF—Tulip poplar frequency. See 16.

21. LA—Area of the lot.

22. TA—Area covered by significant tree canopy.

23. TLRAT—Proportion of lot covered by significant tree canopy.

24. BGF—Bare ground frequency. Percent of sample points at which
bare ground occurred.

25. GF—Grass frequency. See 24.

26. LF—Litter frequency. See 24.

27. MSF—Moss frequency. See 24.

28. BGMF—Frequency of bare ground or moss. See 24.

29. WAI—Water index. See text.

30. NE—Neighbor effect. See text.

O PN AT L

2All stems = 1 in.

[the number of sample points with = 1 contact in the height
interval desired/the number of sample points]. The two
methods gave values significantly correlated with one another
(r = 0.91, p <.0001 for VLCOLO vs. PTCOLO and 0.82,
p < .0001 for VLCOHI vs. PTCOHI).

CANCOV and frequencies of certain canopy species
(Nos. 16-20) describe tree features over the entire lot because
they come from the profile transect data. TA and TLRAT
come from the tree cover maps. Lot area (No. 21) was
included because ceteris paribus the probability of a lot being
used increases as its area increases.

Of the several types of ground cover tested (Nos. 24—
28), leaf litter should attract and grass discourage this ground-
foraging forest species. Moss and bare ground were used
because of their considerable variation in frequency among
lots and because of their occasional use as foraging sub-
strates.

The Water Index (No. 29) was included because of
the apparent importance of moisture conditions to habitat
selection in wood thrush (Bertin 1977). Neighbor Effect
(No. 30) was the only non-habitat variable. I calculated
this index by awarding a point to a lot for each lot contiguous
with it (including corners) that held at least one nest during

a year. The sum of the points over 4 years was the index.
NE should be positively related to YRSOVLP, YRSACT,
and RETURNS. If birds are nesting in a yard adjacent to
yard Y, they are likely to use Yard Y also. NE should be
negatively related to YRSWNST and TOTYG. If birds have
a nest in a yard adjacent to Yard Y, the chances are low that
any other bird will have a nest in Yard Y because of terri-
toriality. If the birds’ nest survives long enough to produce
young, there is even less chance that those birds or any
others will move into Yard Y. I had no basis for predicting
how NE should relate to YGOVTER or QUASCOR.

Analysis.—1 used two techniques to identify charac-
teristics associated with success and failure with respect to
the seven measures of quality (dependent variables). The
first screening used the MAXR method of multiple regres-
sion (SAS 1982). MAXR yields a series of “best” equations
(though not necessarily with the highest R?), one for each
number of variables specified, rather than one final model
as some procedures do. “Best” means largest increase in R?
over the previous model that had one less variable. An
independent variable can be strongly related to the depen-
dent variable but be eliminated because it explains some of
the same variation, but less, than another does.

From the pool of 30 independent variables (Table 2},
I obtained the 1- to 20-variable models for each dependent
variable. From each of the seven sets of 20 models, I selected
one as “best.” The subjective selection was a compromise
among several criteria: (1) where R? ceased to increase by
= 1.5% per step; (2) maximum R%; (3) where Mallow’s C,
was low and less than p (the number of dependent variables
plus one, Draper and Smith 1981: 299-301); (4) minimal
number of regression coefficients with significance levels of
p > 0.1; and (5) a biologically sensible combination of
variables.

The second screen isolated variables that distinguished
poor lots from good ones. (I will describe lots ranking high
on any dependent variable variously as good, better, or high
and will use appropriate contrasting terms for low-ranking
ones.) Groups of good and poor lots were constituted sep-
arately for each of the seven dependent variables. I tried to
combine performance classes so as to meet the criteria of
equal and adequate N’s, maximum number of significant
differences, and biological reason. The variety of frequency
distributions of performance classes (Fig. 2) precluded any
uniformity of N’s or of the number or symmetry of classes
combined. I identified significant differences between means
of high and low groups with t-tests deemed appropriate by
F-tests for equality of variances. Arcsin transformations of
variables that were percentages (e.g., Nos. 10-20, 23-28,
Table 2) had negligible effect on the probabilities and no
effect on outcomes of the tests. Significance was set at p <
0.05 although values up to 0.1 were considered notable for
a screening study such as this one.

Variables in each regression model that also appeared
as notable in the t-tests became “final variables” (FV’s), for
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which I determined “quality limits” (QL’s) as follows. [
combined the poor and good groups used for each FV sep-
arately, ranked the lots by scores, and located the lot rep-
resenting the 15th percentile of the good lots. That is, 85%
of the good lots had scores equal to or higher than that lot’s
score, which became the QL. I could then calculate the
probability that a lot above or below that limit was a good
performer for that particular quality measure using as a base
the number of all lots, good plus poor, above and below the
limit.

RESULTS

General Data

The number of wood thrush pairs using the area for at
least part of the season include territories that extended off
the study area and are not population densities (Table 3).
The activity spaces or “territories” usually touched 35 lots,
but some were largely in 1 or 2 or touched 8-12 during a
summer of repeated nesting. Although most activity occurred
in the wooded strip and backyards, birds sometimes used
other parts of a lot. Several nests were built in front yards,
over street-side walks, and over driveways. The number of
nests in every year was about twice the number of pairs, but
we did not have two nests for every pair. Some pairs nested
once and left the area whereas others had more than two
attempts. The number of fledglings ranged from 17-39 per
year (Table 3).

Patterns in the Dependent Variables

The frequency distributions of performance varied con-
siderably among the six simple measures except for YRS-
OVLP and YRSACT (Fig. 2). Most lots had activity in =
3 years. Even lots with zeros received occasional or periph-
eral use.

The high proportion of lots used by birds for 3 or 4
years (YRSOVLP, YRSACT) was not reflected in similar
proportions holding nests in 3 or 4 years. Twelve lots never
had a nest built within them to my knowledge (Fig. 2,
YRSWNST). Three held nests in every year.

Only six lots produced = 4 young (Fig. 2, TOTYG),
but 80% contributed to the production of = 4 birds during
the 4 years (Fig. 2, YGOVTER). Ten of the 12 lots that
had no nests contributed, by being used significantly by

Table 3. Number of pairs of wood thrush on the study area, number of
nests, and number of young fledged during each year at Arbour Park.

Year Pairs Nests Fledglings
1980 20 39 22
1981 22 40 17
1982 13 26 39
1983 14 29 34

birds nesting in neighboring lots, to the production of 2—15
young.

Most lots had at least one adult return (Fig. 2). The
reasonable maximum for this variable would be six, one pair
with exclusive use of a lot in 1980 and returning for the
next 3 years. Only two adjoining lots achieved half of that.
In that case a male returned twice, and one of his mates
returned once.

Spatial Patterns in Quality

Similar Quality.—Instances of both isolated and clus-
tered lots of similar quality occurred. For example, lots with
nests in 4 years (Nos. 2, 25, and 66, Fig. 1) were widely
scattered, but some clusters with 3 years’ nesting use existed,
e.g., Nos. 36-39 and 52-54. Lots producing (= 5 young)
were not clumped, but a large cluster (Nos. 31-33, 50-54)
that produced = 3 young appeared. All lots that recorded
= 7 returns were in groups of 26, e.g., Nos. 1, 2, and 16
and Nos. 42-44, 62—-64.

The few lots with zeros or ones for YRSOVLP and
YRSACT were scattered. A large block that had nests in <
1 year consisted of Nos. 3—7 and 19-21. Six lots (12-15,
26-27) scoring = 3 for YGOVTER were neighbors. Lots
that never had birds return to them were isolated except for
Nos. 66, 67, 69, and 70.

Juxtaposed Extremes.—Some high-performing lots bor-
dered lots of the lowest category. In the most extreme
example, Lot 2 with nests in all years (8 nests) produced 12
young while Nos. 1 and 3 never had nests. Lot 3 received
a zero for every variable.

Regression

General. —I report only the sign, relative importance,
and significance of each independent variable (Table 2)
that contributed to the models chosen because this paper
deals with the screening stage of identifying important hab-
itat variables. Presentation of complete regression equations
that imply prediction and generalization is inappropriate.
All of the models selected were significant regressions (p <
0.0001). The sign of the regression coefficient of some
variables is illogical, an artifact of intercorrelation of inde-
pendent variables in multiple regression. One way of detect-
ing this is through comparison of the sign with that for the
correlation coefficient, r, for that variable in the correlation
matrix.

Four variables (TRED, VLCOTOT, PTCOHI and BGF)
did not appear in any of the models. Six appeared only once
and none appeared more than four times. At the beginning
of the following segments dealing with the model for each
dependent variable, I present: the significant (p < 0.10)
and notable (0.1 < p = 0.15) variables (SV, NV) in
descending order of their importance to the regression, the
percent of variation explained by the model (R?), the C,,
and, for comparative purposes, R? for a 20-variable model.
Variables with a negative slope are in parentheses.
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YRSOVLP.—[SV: ABF, MF, HD, (BGMF), (GF),
TPF, and (TA); NV: (MD) and PTCOLO; R? = 51%; Cp
= 1.17; R = 59%]. The model includes a positive asso-
ciation with vegetation in the subcanopy (hornbeam density
and cover at 1-15 ft) and frequency of three common can-
opy species (beech, maples, and tulip poplar). Beech and
maple contributed most to the regression (F = 24.4, p <
0.0001 and F = 8.3, p = 0.006). Tree area was negatively
related. The illogical sign is confirmed as an artifact by the
positive correlation coefficient (r = 0.364, p < 0.002).
Two other negative associations are logical—frequency of
grass and of bare ground plus moss.

YRSACT.—[SV: ABF, MF, HD, (MD), (LA),
PTCOLO, and (TPD); NV: (NE); R* = 44%;C, = —3.37;
R% = 52%]. This model and the previous one had 5
variables in common. Frequency of beech and maples were
again the most important (F = 17.9, 16.4, respectively;
p < 0.0001). The negative slope for TPD conflicts with a
positive, but insignificant, correlation coefficient. The neg-
ative sign for lot area is unexpected but agrees with the
correlation matrix. The expected positive association with
NE did not occur.

YRSWNST.—[SV: (NE), (SGF), TPD, ABF, (STMD),
SHRD, (MSF), SGD, and ABD; NV: (LA) and VIBD; R?
= 54%; C, = 0.26; R%, = 59%)]. NE was by far the most
significant contributor (F = 28.3, p < 0.0001) and was
logically negative. The six density variables reflect the
importance of dense cover, especially in the understory
(e.g., shrubs, Viburnum). Beech was represented by both
frequency in the canopy and density. The incongruously
negative slope for stem density conflicts with a positive, but
insignificant, correlation. Sweetgum frequency was also
negative in the correlation matrix (p = 0.07).

TOTYG.—[SV: (NE); NV: ABD; R? = 25%; C; =
—12.9; R%0 = 39%)]. Although additional variables would
have raised R?, the numerous, very large probabilities of the
slopes rendered the model of doubtful value. The strongly
negative (F = 12.8, p = 0.0006) Neighbor Effect is as
expected. American beech again appears, this time as den-
sity.

YGOVTER.—[SV: HD, (SHRD), ABD, (HF), TA,
(NE), VLCOLOQO, and MSF; NV: (VLCOHI); R?* = 44%;

p = —0.33; R*p = 53%]. This model is enigmatic. There
is a hint that greater vegetation cover in the rear strips was
associated with greater production (SHRD, despite its neg-
ative sign, ABD, HD, VLCOLO, and TA). Three of the
negative variables (SHRD, VLCOHI, and HF) had positive,
though insignificant, r's (p = 0.42, 0.61, 0.30, respec-
tively). Argument could be made for the association of NE
with YGOVTER to be positive or negative. Both its slope
and the correlation coefficient (r = —0.25, p = 0.03) were
negative.

RETURNS.—[SV: (TLRAT), TA, WAI, VIBD, HD,
CANCOV, SGF, and (HF); NV: (MF); R? = 39%; G =
—0.81; R% = 49%]. Six variables in the model represent

trees (canopy cover; frequency of hornbeam, maples, and
sweetgum; area of trees; and tree:lot area). The negative
slope for maple contrasts with an insignificant, positive r.
Hormbeam frequency had both a negative slope and corre-
lation. Hornbeam is a minor canopy species (above 15 ft)
with thin leaf cover. That its density, in contrast, is posi-
tively related to RETURNS indicates its contribution to
understory density, along with Viburnum. A very large slope
(b = —3.9) and negative sign for TLRAT probably were
artifacts; TLRAT had r = 0.11 (p = 0.36). The water
index appears for its only time in this model.

QUASCOR.—I[SV: LF, TPF, and CANCOV; NV:
SGD; R? = 30%; Cp = —8.2; R = 44%]. QUASCOR
showed little commonality with the other models. Litter
frequency made its only appearance and was the main con-
tributor to the regression (F = 4.63, p = 0.04). Two of
the variables were related only to conditions in the wooded,
rear yards (density of sweetgum and litter frequency). The
other two variables (canopy cover and frequency of tulip
poplar) strongly relate to those areas also.

Group Comparisons

General. —The second screening tested means of vari-
ables from groups of lots with high and low performances
on each quality measure. The groups were constituted from
Fig. 2 as follows: YRSOVLP and YRSACT—4 vs. < 2 yrs.;
YRSWNST—= 3 vs. = 1 yrs.; TOTYG—= 5 vs. = 2
young; YGOVTER—= 8 vs. = 7 young; RETURNS—=
2 vs. = 1 returns. The high group for QUASCOR scored
= 3 (i.e., lots were in the upper two ranks for at least 3 of
the 6 measures and no more than once in one of the two
lower ranks. The low group (= 3} scored in the lower two
ranks at least 3 times and not in the upper two more than
once.

The t-tests yielded at least one significant difference
between groups for 22 variables and a notable difference for
one more (Table 4). The more successful group of lots had
the higher mean in most cases. Exceptions were all cases
for grass frequency (GF), two cases for neighbor effect (NE),
and one case for SGF. This pattern also was generally the
case for most comparisons that were not significantly or
notably different. Significant differences (p = 0.05) were
most numerous for litter frequency (LF), GF, frequency of
tulip poplar (TPF), and the proportion of lot covered by
trees (TLRAT). Sixteen of the 23 notable variables (Table
4) also appeared in at least one regression model, thereby
becoming “final variables” to be examined further.

Final Variables and Quality Limits

Only slight overlap of final variables (FV’s) occurred
among the seven dependent variables (Table 5). Some of
those had similar quality limits (QL) for different success
measures, e.g., HD, CANCOV, ABF, TPF, and NE (Table
5). QL’s in 3 cases involving SGF and NE are upper rather



146 Proc. Natl. Symp. on Urban Wildl., 1987

Table 4. Means + (SE) of independent variables for groups of lots representing low (L) and high (H) success for each dependent variable. (N) at top of each
column. Densities in stems/a; cover values, TLRAT, and frequencies in percents; tree area in acres. WAI and NE are unitless. See Tables 1 and 2 for explanation
of variables. Values rounded after tests.

Dependent variable
YRSOVLP YRSACT YRSWNST TOTYG YGOVTER RETURNS QUASCOR
Independent L H L H L H L H L H L H L H
variable (16) (32) (14) 2n (34) (16) (49) 6) (42) (28) (20) (50) (10) (&)
SHRD 218 3602 62 360
(39) (718 (28) (106}
TRED 171 244
(16) (33)
STMD 448 647 463 691° 293 149
(56) (89) (50) (118) (41) (197)
ABD 52 128 82 1700 77 142 79 165*
(16) (21) (14) (65) (12) (27 (22) (41)
VIBD 10 40
(6) (15)
HD 9 58 20 69
0 (19 (6) (20)
TPD ’ 59 1372 41 922 43 109 19 1322
(14) 65 (9 (29 (10) (30 N (61)
VLCOTOT 6 7 5 7 6 8 5 1
(0.4) (0.5) (0.6) (0.6) (0.3) (0.6) (0.5) (0.9)
VLCOLO 2 32 2 3 1 3
0.4 (0.3) (0.2) (0.4) (0.3) (0.5)
VLCOHI 3 4 4 5 4 5
(0.2) (0.3) (0.4) (0.3) 0.2) (0.3)
PTCOLO 15 220 19 25 10 23
3) 3) (2) 3 2) 4)
PTCOHI 29 36 30 37 33 37 32 37 31 36*
(2) () 2) (2) (D 2) N (2) ) (1)
CANCOV 47 61 51 62 54 60° 47 65
(3) (2 (2) (2) (2) (3) C)) (2)
ABF 22 40 28 39
4 3 3) (4)
MF 13 200 9 22
“) (2) (3) (8)
SGF 10 6 8 11®
(1) (1 (1 2)
TPF 10 15 9 14 10 17 6 15
(2) (8)) 2) (1) (1) 2) (2) (2)
TA 0.18 0.26 0.20 0.26 0.19 0.28
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
TLRAT 38 57 44 56 47 56° 39 59
3) 3) (.03) (.04) (2) 4) (1) (1
GF 38 24 35 26° 33 25 31 21 33 25 41 26
3) (2 3) 3 ) 3) (2) &) @) 3) 4 (4
LF 17 31 19 30 21 31 21 30 23 29° 13 37
3) 2) 4) 3 2) 3) () (3) @) 3 (%) 4
WAI 0.4 1.2 0.7 1.3
0.2) (0.3) (0.1) (0.3)
NE 7.4 6.2° 7.1 5.0 6.4 1.5
(0.4) (0.6) (0.3) (1.2) (0.4) (0.4)

Differences at 0.05 < p = 0.1. All other differences at p =< 0.05.
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Table 5.  Quality limits of final variables for each measure of success as
determined by multiple regression and t-tests of extreme groups. See Table
4 for units of values.

Dependent variable
YRSOVLP YRSACT YRSWNST TOTYG YGOVTER RETURNSQUASCOR

ABD 168> 38

VIBD 34+

HD 290 340

VLCOLO 1

VLCOHI 3

PTCOLO 10

CANCOV 52 60
ABF 24 23

MF 8

SGF 10 5

Independ

variable

LF 24
WAI *
NE 8 8

285th percentile because relationship negative.
bMinimum non-zero value of high lot used due to large number of ties among zeros or unusual
distribution. See text.

than lower limits because the variables were inversely related
to success.

The chance that a lot performed well if the value of its
FV was = QL exceeded 50% for most of the FV’s (Table
6). E.g., alot that had a beech frequency of = 24% (Table
5) had an 82% chance (Table 6) of having birds present for
4 years. Probability of high performance when FV < QL
was generally below 30%, but in some cases was over 40%,
e.g., HD-YRSACT.

The highest probabilities of success when the QL was
surpassed occurred under YRSOVLP, YRSACT, and
QUASCOR. Not all of those carried stiff penalties to success
for being below the threshold. Chances of high success if
below QL ranged from 5% (GF-YRSOVLP) to 48% (HD-
YRSACT) (Table 6).

A few FV’s had many zeros and ties between high and
low performance lots when the lots were ranked (ranked
datanot shown). This made determining the 15th percentile

Table 6.  Percent chance and (N) of high performance by a lot with a final variable (FV) equal to or above (A) and below (B) the quality limit for that FV.

See Table 5 for quality limits.

Dependent variable
Independent YRSOVLP YRSACT YRSWNST TOTYG YGOVTER RETURNS QUASCOR
variable A B B A B A B A B A B A B
ABD 44 4 45 29
9 (46) (49) (21)
VIBD 50 24
(12) (58)
HD 89 48 59 26
(18) (23) @n 43)
VLCOLO 45 29
(53) an
VLCOHI 41 42
(58) (12)
PTCOLO 4 40
3D (10)
CANCOV 50 15 73 13
(44) (26) (1 (8)
ABF 82 33 70 12
(33) (15) (33) (17
MF 17 36
(30 (11)
SGF 42 18 51 19
(33) an (49) 21
TPF 77 38 73 13
(35) (13) (1 (8)
TA 82 33
(33) (15)
GF 79 5
(34 (14)
LF 89 10
9 (10)
WAI 35 22
(34 (36)
NE 40 13 14 5
(35) (15) (36) (19)
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of the high group for the purpose of calculating probabilities
of success tedious and hid biological meanings. Those and
other special cases are noted now.

The chances of success above and below QL for HD
and VIBD (Table 6) are based on lots having some or none,
respectively, of the species. Some high performance lots
lacked the two species, especially hornbeam, thus reducing
the penalty for its absence. Those lots almost invariably
were rich in beech.

The QL’s for beech density (Table 5) equal the lowest,
non-zero values for a high lot in the list. They represent the
33rd and 21st percentiles for high scores for TOTYG and
YGOVTER, respectively. I used those values because a few
high-scoring lots lacked beech. When one of those was the
15th percentile and was far below the rest of the good lots,
a distorted probability of success resulted. Those few lots
invariably were well stocked with hornbeam and Viburnum.
Members of the high group for TOTYG had beech densities
= QL or had none at all. In between were 36 low scorers
that had beech densities < QL. The situation for YGOV-
TER was more diffuse; only 10 poor lots were below QL.

The QL for WAI was 1, which represented presence
of moist gullies but no sogginess. Lots with an index = 1
had a low probability of having = 2 birds return in 4 years
(35%, Table 6). Raising the QL to = 2 (minimum of some
sogginess) raised the probability to 53%.

DISCUSSION

The final variables that survived the double screening
were surely important to the variation in achievement of
the management goals among the lots of Arbour Park (Table
5). Although I have considered different measures of success
throughout the analysis, most of them are related. E.g., a
lot cannot produce young if it has no birds or nests. Con-
sequently, 1 will treat all FV’s as collectively important in
differentiating successful from unsuccessful lots rather than
restricting them to the specific measures under which they
appear (Tables 5 and 6). That some variables appeared in
more than one column supports that approach. I restrict
discussion to the FV’s although some of the variables sur-
viving only one screening also may be correlated with or
contribute to the habitat conditions represented by the FV’s.

What do the FV’s generally indicate about habitat of
desirable lots? Dense, shade-casting canopy is reflected by
greater density and frequency of beech, greater area under
trees, and greater canopy cover. Beech was the only species
significantly correlated with CANCOV and TA (p < 0.0001).
A second feature is a shrubbiness and understory component
represented by greater density of hornbeam, Viburnum spp.,
maples, PTCOLO, VLCOLO, and VLCOHI. All were cor-
related with shrub density (p = 0.007). Frequency of tulip
poplar in the canopy may manifest the shrubbier, more-
recently disturbed spots in the woods prior to development
of Arbour Park. It was most strongly correlated with horn-

beam (p = 0.02) and shrub density (p = 0.07). Most of
the high scoring lots had less than 37% of the ground in
grass (Table 5). This reflects a trade-off generally with tree
cover and litter. The higher water index reflects the presence
of wet soil. The negative association of sweetgum frequency
above 15 ft with density of shrubs, hornbeam, Viburnum,
and even sweetgum itself, and its only positive one being
with beech density, suggests that SGF was associated with
success because it represents large sweetgums in older, less
recently disturbed sections.

My results agree with two other studies of wood thrush
habitat despite differences in sampling and analytical tech-
niques. Soil moisture, shrub cover, and trees = 40 ft were
three of the variables Bertin (1977) found to be important
in Vermont woodlands. His shrub layer overlapped parts of
my “LO” and “HI” layers. I did not measure tree height,
but the tree frequencies among the FV’s certainly include
trees = 40 ft tall. A Viburnum species and “early successional
stage” were notable aspects of his wood thrush territories
also visible in some of the good lots at Arbour Park.

James et al. (1984) reported “high densities” of wood
thrush in forests of this region dominated by tulip poplar
and sweetgum. Forests farther west with “peak densities”
included beech and sugar maple (Acer saccharum). A set of
habitat measurements from Maryland forests, including res-
idential areas with beech and tulip poplar, characterized
nesting habitats as having tall trees, dense canopy cover,
and many understory trees. Shrubs were of minor import.

Speculation on the functional value of some of the
variables is warranted. The role of litter in harboring inver-
tebrate food for this largely ground-foraging (Bertin 1977,
pers. obs.) bird is certain. I frequently saw them feeding in
compost piles or in leaf litter, occasionally on bare ground
or moss, or in sparse grass under ornamentals, and rarely, if
ever, in grass. Moisture is important for producing mud or
wet leaf mold (Forbush and May 1955:379) for nest-build-
ing, and probably for keeping soil invertebrates accessible.

Beech was a FV four times including YRSWNST,
TOTYG, and YGOVTER. It was the site for 67% of the
nests, the next closest being Viburnum spp. at 11%. How-
ever, nests in beech were no more successful than those in
other sites (Roth, unpublished data). Its stiff limbs and tight
leaf layers may make beech attractive for nesting, but its
high use also probably was a function of its high relative
frequency in the canopy (86%). The dense shade cast by
beeches also may help maintain a cooler, moister soil.

Although the R¥s for the regression models are not
high, the models significantly describe part of the variation
of each measure of habitat quality. Some improvement in
R? may be possible by use of additional variables (as shown
by the 20-variable models), transformations or interactions
of the current ones, or of ridge regression to compensate for
intercorrelation of dependent variables. Some of the “noise”
may be in the dependent variables, e.g., as a result of a
missed nest or a miscount of fledglings that put a house lot
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in the wrong class, or of stochastic events such as nest failure
that had nothing to do with habitat. Finally, the single lot
may be of the wrong scale to demonstrate distinct patterns
(Wiens et al. 1986). The clusters of lots of similar quality
and the notable neighbor effects imply merit in a similar
analysis using groups of contiguous lots.

From a strictly statistical viewpoint, my results describe
conditions in Arbour Park and only should be used for
recommendations for enhancing wood thrush habitat there
or nearby. Even then, caution should be used because the
conclusions are from preliminary, associational stages of
multiple regression and are untested. The results may be
generalizable with caution for mesic deciduous areas of the
mid-Atlantic area east of the Blue Ridge Mountains. James
etal. (1984) clearly showed the fallacy of going beyond that
distance because preferred habitat features change over the
species’ range.

Given those caveats and with no consideration of rel-
ative merits of plant species for landscaping, | offer the
following guidelines for having a better than 50% chance
of providing nesting habitat for wood thrush: a minimum of
0.2a (8,700 ft?) of tree cover, preferably contiguous, with a
canopy that blocks at least 70% of the sky and under which
one maintains natural leaf litter, native shrubs, and moist
soil. American beech is the most desirable tree, but others
such as sweetgum and maples forming good canopies over
shrubs may be acceptable. Success of such landscaping as
wood thrush habitat will improve considerably if adjoining
lots provide similar juxtaposed patches to produce a larger
area.

SUMMARY

The study uses data from a 4-yr study of a banded,
breeding population of wood thrush in a residential area.
Thirty habitat features were screened for association with
seven measures of habitat quality based on the birds’ use,
reproductive effort, and site fidelity on individual lots.

A double-screening approach using multiple regression
and comparisons of extreme groups produced 16 variables
strongly associated with at least one of the measures. As a
group, these “final variables” (FV’s) represented a dense tree
canopy, shrubby understory, soil moisture, and leaf litter.
The results reflect features identified by others as important
aspects of wood thrush habitats elsewhere. Occurrence of
nests and production of young on a lot were negatively
affected by presence of nests on neighboring lots.

A quality limit (QL) for each FV equaled the 15th
percentile value of the variable among high-performance
lots. Estimated chance of high performance for a lot if it
had an FV value = QL was 35-89% and 5-48% if the value
of the FV < QL. Tentative guidelines using these first-stage,
untested results are suggested for attracting and enhancing
success of the birds.
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INTRODUCTION

Gateway National Recreation Area’s Jamaica Bay
Wildlife Refuge consists of 9,155 acres (3,705 ha) of salt-
water bay, marsh, and uplands scattered among 25 islands
in south Brooklyn and Queens, New York. Established in
1948 by the New York City Department of Parks and Rec-
reation, the National Park Service took over its manage-
ment in 1972. In recognition of Jamaica Bay’s long history
of human impacts, and with a vision for its future potential,
management is based on “policies directed towards the pres-
ervation and restoration of natural processes and landscapes
to perpetuate significant wildlife species and their habitats”
(USNPS 1979).

LAND USE CHANGE AND
HERPETOFAUNAL IMPACTS

To appreciate the rationale for restoration requires an
understanding of land use changes and their impacts in this
area. Jamaica Bay was originally 26,000 acres (10,522 ha)
of shallow bay and salt marsh located at the western end of
Long Island (Hassler 1845, Jamaica Bay Environmental Study
Group 1971). It was surrounded by the dunes, shrublands,
and deciduous forests of present day Brooklyn, Queens, and
Nassau counties. Though our knowledge of the original
herpetofauna is incomplete (Schlauch and Burnley 1968),
historic records for Long Island in general give some indi-
cation of the past. Noble (1927) listed 39 species as indig-
enous to Long Island, and Schlauch (1978a) considered 37
species definitely indigenous plus 12 others as possibly. Most,
but certainly not all, of these species likely occurred in the
three counties bordering Jamaica Bay.

Urbanization of Long Island followed a general pattern

of agricultural development, and a later period of concurrent
agricultural decline and increased urbanization. Once at this
stage a cycle of decay and renewal ensued (Schlauch 1978a).
The early communities surrounding Jamaica Bay engaged in
agriculture, fishing, shipping, and resort development (Black
1981), but the most dramatic changes have occurred in this
century, a period of rapid urbanization on western Long
Island (Schlauch 1976).

As part of this process, draining and landfilling reduced
the marshes of Jamaica Bay. Along the bay's periphery, fill
created areas for residential and highway development,
“sanitary landflls,” and Kennedy Airport (Black 1981).
Today Jamaica Bay has been reduced to 13,000 acres (5,261
ha), due mostly to this loss of peripheral marshes (Jamaica
Bay Environmental Study Group 1971). On the islands,
dredge spoil deposition created upland habitats where only
salt marsh had existed. Because these islands had, since
1948, become the Jamaica Bay Wildlife Refuge, a program
of habitat improvements was undertaken which, in con-
junction with successional changes, has led to the present
habitat diversity of Jamaica Bay.

As these insular habitats were being created, the main-
land herpetofauna was undergoing the general decline,
extirpation, and reduction to remnant populations that typ-
ically accompanies urbanization (Campbell 1974, Dove 1985).
Most of Brooklyn’s original herpetofauna is now extinct,
and in Nassau county 24 of 35 indigenous species are con-
sidered extinct or endangered (Schlauch 1978b). One prob-
lem with assessing impacts is that the historic literature gives
few specific locations for widespread species. We do know,
however, that the eastern hognose snake (Heterodon p. pla-
tyrhinos) formerly occurred in the Rockaways (Engelhardt
et al. 1915), and species such as the smooth green snake
(Opheodrys v. vernalis) and the eastern mud turtle (Kinos-
ternum s. subrubrum), were common throughout this area
(Ditmars 1896, Engelhardt 1913, Murphy 1916).
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HERPETOFAUNAL INVENTORY

Ruler’s Bar Hassock, the Bay’s main island, is the most
accessible and has the greatest diversity of habitats. It con-
tains 372 acres (151 ha) of uplands and 140 acres (57 ha)
of impoundments (Bridges 1976). A herpetofaunal inven-
tory conducted in 1979-80 was based on observation at
freshwater ponds, searches under debris, use of aquatic fun-
nel traps, and interviews of local naturalists.

As a result, Fowler’s toad (Bufo woodhousei fowleri),
northern diamondback terrapin (Malaclemys t. terrapin), and
eastern garter snake (Thamnophis s. sirtalis) were found to
occur as breeding populations, and individuals of eastern
box turtle (Terrapene c. carolina), eastern painted turtle
(Chrysemys p. picta), red-eared slider (Chrysemys scripta ele-
gans), and snapping turtle (Chelydra serpentina) also were
recorded. The diamondback terrapin is a salt marsh species,
thus indigenous, and the snapping turtles may have been
remnant individuals of a nearly-extirpated native popula-
tion. The remainder of these species, however, are known
either for their urban tolerance or for being popular as pets
(Schlauch 1976, Klemens 1985). Their presence on the
island is most likely recent, and the result of deliberate or
inadvertent release by humans.

The conclusion from the 1979-80 inventory was that
the herpetofauna then present was only a portion of the
native species potentially capable of being supported by the
diverse habitats present. Considering the dispersal barriers
posed by urbanization (Campbell 1974) and the salt waters
of Jamaica Bay, such a faunal impovishment was not sur-
prising.

HABITAT IMPROVEMENTS AND
COMMUNITY RE-CREATION

Considering the paucity of herpetofauna on Ruler’s Bar
Hassock, and the continuing urbanization pressures on rem-
nant mainland populations, a program of habitat improve-
ments and animal transplants was formulated. The object
was to take advantage of the recently created uplands and
recreate a herpetofaunal community resembling, as close as
possible, that which had formerly occurred on the now
urbanized mainland. This would be consistent with the
Refuge’s mandate (USNPS 1979) and could help preserve
local gene pools threatened by further urbanization. Similar
programs had been proposed in theory by Campbell (1974)
and used in Great Britain to protect endangered populations
of Bufo calamita (Beebe 1973). Our program would differ
only in its attempt to transplant several species, rather than
just one.

Before transplanting animals, a number of habitat
improvements were made. Terrestrial microhabitats were
enhanced by placing piles of boards, driftwood, leaves, and
woodchips in various habitats. Four small freshwater ponds,
ranging in size from 0.4 acres (0.16 ha) to 700 square feet

(65.1 square meters) were created by bulldozer or hand and
planted with submergent and emergent vegetation.

Candidate species for transplanting were those native
to Long Island and, based on literature, personal observa-
tion, and discussions with local herpetologists, adapted to
the habitats present on Ruler’s Bar Hassock. Because animal
transplants can be controversial, the following guidelines
were adopted to ensure that the program accomplished its
goals without adverse complications:

1. Long Island has been isolated from continental New
York for at least 3,500 years (Strahler 1966) and its
fauna is somewhat different (Connors 1971). In
order to preserve local gene pools, and utilize ani-
mals best adapted to local conditions, only individ-
uals collected on Long Island would be released.

2. Animals released would come from populations cut-
rently facing extirpation or large enough to sustain
collection.

3. Lower trophic level species would be released first.

Adhering to these criteria, transplants began in 1980
and are ongoing. Different species were collected at different
life stages, and some species (e.g., spring peeper, Hyla cru-
cifer) were collected at more than one life stage. All snakes
and turtles released were marked using scale clipping and
carapace notching, respectively (Woodbury 1956), but
amphibians were released unmarked.

The numbers of animals of a given species that were
released varied, as did the number released in a given vear,
because the program has been possible only by opportunist-
ically integrating it into other aspects of daily refuge oper-
ations. Generally, as experience, knowledge of a species’
occurrence, and networking with others knowledgeable of
local herpetofauna increased, the number of individuals
released also increased. The role of networking cannot be
overemphasized. As the program gained momentum, the
network grew until, by 1984, much of the collecting was
done by volunteers who lived in proximity to habitats under-
going development. A typical pattern of release is that of
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