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FOREWORD

Thomas V. Dailey

Quail VII Program Chair

Assistant Director/Science Coordinator
National Bobwhite Conservation Initiative
University of Tennessee, Knoxville

The Arizona Game and Fish Department (AZGFD)
hosted Quail VII, the Seventh National Quail Symposium,
in Tucson, 9-12 January 2012. This scientific meeting and
peer-reviewed proceedings have occurred every 4-10
years at locations around the country. In 1972 and 1982 in
Stillwater, Oklahoma the meeting was known as the
National Bobwhite Quail Symposium, and, as the
National Quail Symposium (Quail Series) in 1992 in
Kansas City, Missouri (Quail IIT), 1997 in Tallahassee,
Florida (Quail IV), 2002 in Corpus Christi, Texas (Quail
V) and 2006 in Athens, Georgia (Quail VI).

Quail conservation has changed dramatically since
Quail IIT in 1992. Kevin Church and I co-chaired Quail
III, so I bring a long-term perspective to this foreword.
Major ideas brought forth in 1992, and reinforced at
subsequent symposia, bore much fruit in Tucson.

The seeds were sown for conservation of all North
American quails at Quail III, the first national quail
symposium, an expansion of the bobwhite series held in
Oklahoma. As part of this expansion, we asked Lenny
Brennan to lead the Quail III Strategic Quail Planning
Workshop. Two decades later, top features of Quail VII
were ideas hatched at Quail III: The National Bobwhite
Conservation Initiative 2.0 (NBCI) and The Western
Quail Plan. The publication of essential elements of each
plan in the proceedings ensures a permanent record of
these ground-breaking initiatives. For bobwhites, the
conservation movement was rapid, with South Carolina
Department of Natural Resources hosting a quail meeting
in 1995 that launched the Southeast Quail Study Group,
the predecessor of the National Bobwhite Technical
Committee and NBCI.

For western quail, Quail VII is the national launch of
the multi-species restoration plan. Progress for western
quail conservation, relative to bobwhites, has been slower:
Kevin Church and I struggled in 1992 to find any current
research on western species and over the past 20 years key
research has been sporadic; and as reported at Quail VII,
the masked bobwhite is near extinction. The location of
Quail VII in Arizona is a testament to renewed interest in
western quails and we anticipate significant progress as
the western plan is implemented. Moreover, AZGFD has
emerged as a premiere advocate for quail conservation,
fitting for a state agency with the Gambel’s quail as the
centerpiece of the department’s logo.

Amid the growth of quail conservation, leaders of
previous quail symposia, Lenny Brennan, John Carroll,
Steve DeMaso, Bill Palmer, Theron Terhune, and I agreed
the quail series needed permanent management. Quail
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VII, the first collaboration between a host (AZGFD) and
NBCI resulted from steps made by the Research
Subcommittee of the National Bobwhite Technical
Committee (NBTC) to create a permanent home for the
Quail Series. This is a service provided to all professional
quail enthusiasts by NBTC and the National Bobwhite
Conservation Initiative (NBCI). Quail Symposium Series
proceedings and digital data are now permanently
available from the NBCI.

Over the years we learned that successful bobwhite
conservation is very complex, requiring a mixture of basic
science, study of management, the latest technology and
thinking, and consideration of philosophy, political
science and public relations. Quail VII papers were very
diverse, and included 76 volunteered abstracts and invited
presentations—a record number for the National Quail
Series. Meeting participants were treated to unique invited
presentations by leading conservationists, including the
directors of Arizona’s and Kentucky’s state wildlife
agencies, Larry Voyles and Dr. Jon Gassett, respectively,
who addressed the importance of the new quail plans;
Katharine Armstrong, former commission chair of Texas
Parks and Wildlife, provided insights on the role of
politics in conservation; Bollenbach-endowed chair, Dr.
Fred Guthery, Oklahoma State University, provided a
historical/philosophical review; Dave Brown, Arizona
State University, analyzed western quail conservation;
and Dr. James Grand, U.S. Fish and Wildlife Service/
Auburn University, provided the latest thinking on
decision making. Dr. Leonard Brennan, Endowed Chair,
Caesar Kleberg Wildlife Research Institute, Texas A&M
University-Kingsville, wrapped up the meeting with
closing remarks.

Quail VII papers were diverse, covering translocation
of mountain quail and northern bobwhite, phylogeography
of scaled quail and bobwhites (northern bobwhite,
Yucatan bobwhite, spot-bellied bobwhite and crested
bobwhite), hybridization of Gambel’s and California
quail, Montezuma (Mearns’) quail, nutrition, arthropods,
exotic grasses, the Conservation Reserve Program,
predation, parasites, survival, reproduction, thermoregu-
lation, harvest prescriptions, climate change, economics,
conservation planning, attitudes of private landowners,
etc. Geographically, these findings have implications for
an area bounded by Brazil, Oregon, Nebraska, New
Jersey, and south to Florida. The majority of Quail VII
authors covered Texas bobwhites and scaled quail.
Twenty-seven state and federal agencies, universities
and institutes reported on their work at Quail VII.
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A pervasive theme of quail management, pen-reared
bobwhites, was also covered, providing some breaking
‘peer-reviewed news’. The 21* Century brought the latest
approach for releasing pen-reared bobwhites, the Surro-
gator®, a system backed by a plethora of well-marketed
testimonials. Two independent Quail VII papers, in the
Southeast and Texas, describe the actual efficacy of this
system. This proceedings also published a ground-
breaking advancement, use of prenatal and post-hatch
imprinting to improve survival of pen-reared bobwhites.
Harkening back to Quail III, Kevin Church and I were
chagrined when one of our plenary speakers, the late Ed
Kozicky, insisted on expanding his topic, ‘history of quail
management’: . ..I accepted with the proviso that I could
discuss the dire need for more assistance from the
academic community in the production of quality, pen-
reared bobwhite for hunting purposes.” Dr. Bill Palmer
and associates appear to have fulfilled part of this vision
in their Quail VII paper on parent-rearing—a genetically
wild, but pen-raised bobwhite.

A long-standing highlight of the Quail Series is
recognition of outstanding contributions to quail conser-
vation. At the banquet, Dr. Lenny Brennan recognized
lifetime contributions by John Roseberry, Fred Guthery,
Dave Brown, Walter Rosene (in memoriam), and John
Crawford (in memoriam).

The first-ever NBCI led Quail Symposia partnership
was made possible by AZGFD, led by Mike Rabe.

Published by Trace: Tennessee Research and Creative Exchange, 2012

AZGFD put on an excellent event, and were gracious
hosts, particularly by providing the guided quail hunting
all Quail VI attendees dreamed of at Quail VI in 2006. For
a conservation movement so inextricably tied to hunting,
first-hand experience by biologists is not a luxury.

The expeditious publication of Quail VII was made
possible by the editorial leadership of Clait and Nancy
Braun, and by due diligence by associate editors,
reviewers, authors, and the NBTC Research Subcommit-
tee (Chaired by Theron Terhune). Guidance for the
technical program and proceedings was provided by the
Quail VII editorial panel, including Lenny Brennan, Kirby
Bristow, Steve DeMaso, and Theron Terhune.

The proceedings were made possible by generous
contributions by the National Wild Turkey Federation,
Caesar Kleberg Wildlife Research Institute, Tall Timbers
Research Station and Land Conservancy, Texas Tech
Quail Tech Alliance, Rolling Plains Quail Research
Ranch, and National Bobwhite Technical Committee.

The Eighth National Quail Symposium (Quail VIII)
will be hosted by the University of Tennessee in 2017,
and will feature progress and ‘lessons learned’ from
implementation of the National Bobwhite and Western
Quail plans. Regardless of the outcome of these and other
initiatives, because of the passion for quails, we can be
assured of another thought-provoking symposium and
unique opportunity to mark the trajectory of quail
populations.
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RECOGNITION OF EXCELLENCE AWARD RECIPIENTS

DAVID E. BROWN

David E. Brown was the Small Game Management
Supervisor for the Arizona Game and Fish Department
from 1968 to 1979. A prolific writer of scores of magazine
and peer-reviewed scientific articles, Dave is also author
of 3 landmark books: Arizona Game Birds, Arizona
Wetlands and Waterfowl, and The Last Grizzly and other
Southwestern Bear Stories.

Dave’s efforts and persuasion were instrumental
during the masked bobwhite conservation efforts from
the 1960s through the 1980s. He also Chaired the Grazing
and Range Management Section of the Quail III Strategic
Planning Workshop in 1992. Even in retirement, Dave has
stayed active by continuing to write papers (including 2
for this Proceedings). In 2009, he received the Arizona
Game and Fish Department Educator of the Year award
from Arizona State University.

FRED S. GUTHERY

At the time of this writing, Fred S. Guthery holds the
Bollenbach Chair for Wildlife Research at Oklahoma
State University. Since moving from Texas to Oklahoma
in 1997, Fred has unleashed a series of publications that
will remain prominent mileposts along the road of
scientific wildlife literature for years to come. For
example, his books such as On Bobwhites (2000), The
Technology of Bobwhite Management (2002), A Primer of
Natural Resource Management (2008), and Beef Brush
and Bobwhites, Second edition (2012) as well as his paper
Aspects of the Thermal Ecology of Bobwhites in North
Texas (2005) published as a Wildlife Monograph have
received national acclaim as have his legions of peer-
reviewed scientific articles on quail ecology and manage-
ment as well as the philosophy of science.
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Taken as a whole, Fred’s body of work forms the
backbone of what has become the fundamental scientific
basis for quail management in the semiarid subtropical
region of the Southern Midwestern U.S. The breadth,
depth, and sheer output of scientific publications that Fred
has generated during the course of his career is the gold
standard by which all other quail researchers are currently
judged.

JOHN L. ROSEBERRY

It can be easily argued that John L. Roseberry single-
handedly brought bobwhite science from the qualitative
natural history era into the arena of contemporary
population ecology. His seminal book Population Ecol-
ogy of the Bobwhite, published in 1984, accomplished this
task. This book remains a key reference for all students of
quail nearly 30 years after it first appeared. John has also
authored and co-authored numerous scientific publica-
tions and monographs that have become widely cited by
today’s quail researchers. His paper Bobwhite Population
Responses to Exploitation: Real and Simulated, which
appeared in the Journal of Wildlife Management in 1979,
was the first to use simulation analyses to examine how
bobwhite populations might respond to hunting.

John Co-chaired the Population Dynamics and
Effects of Hunting Section of the Quail III Strategic
Planning Workshop in 1992, and contributed the Con-
cluding Remarks from the Researchers Perspective at
Quail IV in 1997. John has remained active in the quail
conservation area and remains a constant advocate for
quail in Illinois and the Midwest.

—Leonard A. Brennan and the Quail VII Program
Committee
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IN MEMORIAM

WALTER ROSENE Jr. 19122005

Walter Rosene was born in lowa and graduated from
Iowa State University. He moved to Alabama in 1936,
enrolled in Auburn University, and was the first student to
earn a Master’s degree in their wildlife program. Walter
worked for the Soil Conservation Service until 1942 when
he enlisted and served in the Navy Signal Corps in World
War IL.

From 1946 to 1964, he worked as a biologist for the
Bureau of Sport Fisheries and Wildlife (the precursor
agency to the U.S. Fish and Wildlife Service) and then
became a private consultant to numerous Quail Hunting
Plantations in the Southeastern U.S. Walter received
numerous awards for his publications on quail biology
and management, including the Outstanding Publication
in Wildlife Management award from The Wildlife Society
for his 1969 book The Bobwhite Quail: Its Life and
Management.

What many people do not know about Walter is that
he conducted an important series of investigations on the
impacts of heptachlor on quail and songbirds. The results
of this work demonstrated that widespread use of
heptachlor for control of fire ants had a far greater
negative impact on birds and the environment than the
negative impacts from fire ants alone.

Late in Walter’s career, the advent of miniature radio
transmitters in quail research brought forth a great degree
of skepticism from him regarding this technology. His
opinion was that fastening radios on wild bobwhites
would only make them more susceptible to predation and
thus exacerbate their already high natural mortality rates.
The recent kerfuffle between Midwestern and Southeast-
ern quail researchers about the potentially negative effects
of radio-handicapping bobwhites in the name of research
is an indication that Walter may have been on to
something.

Walter was a prominent attendant at The First
National Bobwhite Quail Symposium in 1972 and again
in 1982. In 1992, he Co-chaired the Forest Practices
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section of the Quail IIT Strategic Planning Workshop. He
regretted not being able to attend Quail IV in 1997, but he
kept up with the quail research world by requesting copies
of those Proceedings as well as the Proceedings from
Quail V held in 2002.

Walter was the kind of person who never did
anything halfway. He was a meticulous observer and
student of nature who developed great insight and
understanding about how to manage Southern Piney
Woods to grow wild bobwhites. Finally, although a
Midwesterner by birth, Walter developed a deep appre-
ciation of Southern U.S. culture and history. In addition to
being a great wildlife biologist, he was also a national
expert Numismatist who published an award—winning
book on Confederate paper money in Alabama in 1984.

JOHN A. CRAWFORD 19462010

John A. Crawford was born in Fort Dodge, lowa. He
received his Ph.D. in Range and Wildlife from Texas
Tech University in 1974. During his time in Texas, John
conducted important studies that shed light on the
comparative ecology of bobwhites and scaled quail,
especially from the standpoint of how they share habitat
and food resources.

In 1974, John went to Oregon State University where
he directed their Game Bird Research Program for the
next 27 years. During his time at OSU, John generated
more than 70 publications and received numerous awards
and recognition for his work on sage-grouse, turkeys, and
quail. John contributed important papers on California
quail and mountain quail to the Quail III and Quail IV
Proceedings, respectively. He also Co-chaired the Agri-
cultural Practices and Pesticides Section of the Quail III
Strategic Planning Workshop in 1992.

John had a great sense of humor and positive outlook
that was infectious to nearly everyone who interacted with
him. His passing is a huge loss to galliform research,
management, and conservation in the American West.
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ON SOME FOUNDING IDEAS OF QUAILOLOGY AND THEIR
PROPOUNDERS

Fred S. Guthery'
Department of Natural Resource Ecology and Management, Oklahoma State University, Stillwater, OK 74078, USA

ABSTRACT

Powerful ideas in quailology affect thinking over generations, even if the ideas are wrong. I discuss great ideas put forth by Aldo
Leopold, Herbert Lee Stoddard, and Paul Lester Errington and comment on aspects of their personalities. Leopold, an extraordinarily
good father, posited the Law of Dispersion (Interspersion), which became known as the Principle of Edge. The Law is a tautology that
can be paraphrased ‘edge-obligate animals require edge.” Leopold observed the ‘law’ held ‘within ordinary limits,” which he did not
define but which could mean ‘within compositionally simple landscapes.” As a child, Stoddard, who dropped out of high school to
support his family, recognized the value of fire in northern bobwhite (Colinus virginianus) habitat management in the Southeast; later
he came to see tenant farming (patchwork agriculture) set up conditions favorable to northern bobwhites. Stoddard was given to after-
the-fact hypothesis formulation (retroduction) on the causes of events he observed. Through this logically weak process he bequeathed
many ‘facts’ that are really untested hypotheses. Errington, an apparent loner who survived polio as a child, had 2 great ideas. The
Threshold of Security was a fairly constant spring density which implied harvest up to a certain level is fully compensatory (doomed-
surplus model). The Principle of Inversity implies that relative productivity declines as breeding density increases. Errington’s own
work refuted the doomed-surplus model because he could not have simultaneously observed a constant breeding population and
inversity, which requires a variable breeding population. These great founding ideas, although not without flaw, arose through
observation of nature and thought, not through null hypothesis significance testing and model selection.

Citation: Guthery, F. S. 2012. On some founding ideas of quailology and their propounders. Proceedings of the National Quail Symposium

7:1-8.
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INTRODUCTION

Most theoretical breakthroughs in ecology have
come from thinkers accomplished in field natural
history.—Thomas L. Fleischner (2005:6).

My library contains Six Great Ideas by Mortimer J.
Adler (1981). Adler’s great ideas are from philosophy:
truth, goodness, beauty, liberty, equality, and justice. He
categorizes great ideas as those “basic and indispensable
to understanding ourselves, our society, and the world in
which we live” (1981:3) and suggests such ideas
constitute “the vocabulary of everyone’s thought.”

Great ideas in northern bobwhite management are, of
course, blind hairless puppies in comparison with the
great ideas of human philosophy. However, these ideas
help us better understand and appreciate our world. The
great ideas affect our thinking over human generations,
even if they are wrong. If they are wrong, flaws in
thinking obviously have been discovered and perhaps a
greater idea has emerged. Indeed, science is all about the
birthing of greater ideas from lesser ones.

I discuss the great ideas put forth by what low-
handicap colinologists call the Big Three: Aldo Leopold
(1886—-1948), Herbert Lee Stoddard (1898-1968), and
Paul Lester Errington (1902—1962). (By twist of fate the
lives of these intellectual giants intertwined in Wiscon-
sin.) Their great ideas have to do with the Law of

'E-mail: fred.guthery@okstate.edu
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Interspersion and basic theory of wildlife management;
research, prescribed burning, and cultural aspects of
landscapes; and the nature of harvest and production in
bobwhite populations. I will inject some personal and
career tidbits about each that will help us appreciate that
they were, indeed, mortals. I conclude with a brief
comment on their modus operandi in comparison with
obsessive use of significance testing and model selection
today.

LEOPOLD AND THE LAW OF
DISPERSION

Aldo the Father

Aldo Leopold was a wonderful dad. “He treated us
with considerable dignity,” said A. Starker Leopold, the
eldest child (Meine 1988:292). “Aldo inevitably began
conversations by asking the children what they thought
about this or that. At the dinner table, he would routinely
inquire of each of the five [children] in turn, ‘What
happened today in your life that was interesting?’” He and
his wife, Estella, also gave the children responsibility and
trust. Each of his children had exemplary careers and
three were elected to the National Academy of Science.

Forgive me this bit of sentimentalism on Leopold. I
simply believe it is nice that a busy man of some import
would listen to his children, and I think we should know
this about him. Such an anecdote sits nicely upon the
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palate like the after effects of spice from a gourmet soup.
This also explains how his personality might have
intensified the esteem in which he was held by
contemporaries and future observers.

Perhaps this reference to being a father also is
appropriate because he is regarded as the father of game
management. Indeed, he published Game Management in
1933. This book was a compendium on the natural history
and management principles of game animals. Leopold
was fascinated with all the wild plants and animals he
encountered, not just game, as apparent from his essays in
A Sand County Almanac (1949). His campaigns for
wilderness preservation also attest to this fact.

Leopold was born to Carl and Clara (Starker)
Leopold in Burlington, Iowa, on 11 January 1887 (Meine
1988). His parents were first cousins (cross cousins). This
is not unprecedented among great biologists as Charles
and Emma Darwin were first cousins. Neither was
marriage of cousins unusual in late 19™ century America.

His father, Carl, kindled Leopold’s interest in the out-
of-doors through field excursions with the family,
hunting, and fishing. Leopold began hunting at about 13
years of age (Meine 1988). He also did considerable
hiking whenever he had the opportunity, which was often;
being a child of privilege, Leopold did not have to work
for wages until he graduated from college.

The Principle of Edge

Hunting and otherwise tramping about the hinterlands
provided diverse observations for Leopold’s mind to stir
and ponder. These observations led to inductions about
the workings of nature. His most famous induction is what
he called the Law of Interspersion (Leopold 1933:131).
He also called it the Law of Dispersion (1933:132).
Today, we know it as the Principle of Edge.

The potential density of game of low radius
requiring two or more types is, within ordinary
limits, proportional to the sum of the type
peripheries—Aldo Leopold 1933:132.

The phrase ‘low radius’ means an animal with low
mobility (travels short distances in daily activities) such
as bobwhites or cottontails (Sylvilagus sp.). ‘Type’ means
‘cover type’ such as wheat field, prairie, brushland, and
others. Leopold did not explain what he meant by the
phrase, ‘within ordinary limits’ and we will return to this
phrase.

The law may be stated mathematically as:

D=kY Pi=k(P\+Py+ ..+ Py,

which reads ‘potential density (D) is proportional to (k)
the sum of type peripheries (3_P;)’. The equation reveals
an oddity: ‘potential density’ (no./area) implies that some
area (length and width) is under consideration but > P; is
a measure of length. That leaves the units for the constant
of proportionality in question. Let us suppose, however,
that Leopold intended to use edge density (> P/A4; edge
per area) (Guthery and Bingham 1992). The corrected
equation then becomes
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D= (k/4)> Pi= (k/A)(Py + Py + ... + Py).

The units for the constant of proportionality then become
no./edge and we have the Principle of Edge in words as:

no./area = (no./edge)(edge/area).

Thus the Principle of Edge is mathematically tautological
(all equations are) because edge cancels out on the right
side of the equation and we find:

no./area = no./area.

The principle is verbally tautological, too: Leopold
defined an edge-obligate animal and asserted it occurs
with edge. This could be stated, ‘animals that require edge
live near edge.’

The corrected principle, when expressed as an
equation, reveals a strong assumption. First, consider that
if an area has n different cover types and we are interested
in 2-type edges (e.g., prairie-forest edge), there potentially
are a maximum of n!/(2!(n —2)!) unique 2-type edges.
(There could be fewer edge types depending on how cover
types are dispersed.) If an area has 5 cover types, for
example, there are potentially 5!/(2!(5-2)!) = 10 2-type
edges. By virtue of the constant of proportionality, &, in
the corrected principle, each edge type is assumed to be of
identical value to wildlife. When the assumption fails, the
principle becomes:

D= (1/4)) " kPi = (1/A)(kiPy + kaPy + .. + knPy),

where k; is no./edge for edge type i. One supposes that,
given the above expression of the Principle of Edge, the
principle would be virtually useless in complex land-
scapes (many cover types). The reason is the value of any
2-type edge could be hopelessly confounded with the
value of any other 2-type edge. Moreover, given what we
know about habitat use (i.e., an animal uses different
cover types to fulfill different needs) it is difficult to
imagine that all 2-type edges are of identical value to the
animal in different edge contexts.

Perhaps the hopeless confounding of edge values in
complex landscapes was a consideration for Leopold’s
qualifier, ‘within ordinary limits,” but there are other
possibilities. Weather catastrophes could make unlikely or
obscure any relation between abundance and edge, at least
in the near term (J. H. Shaw, Department of Natural
Resource Ecology and Management, Oklahoma State
University, personal communication). It is mathematically
possible to create an infinite amount of edge on a 3-X-5
note card and one could play the same kind of mind
games on a square kilometer or any area. Obviously, there
would be no relation between animal abundance and edge
as edge density increases without bound leading to
redundant edge (Guthery and Bingham 1992).

Another consideration is a property of cover config-
urations called ‘slack’; the property implies that different
amounts and arrangements of cover types can be of equal
value to a wildlife population (Guthery 1999). To the
extent that slack operates, the Principle of Edge is
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inapplicable because abundance stays the same as amount
of edge varies.

Guthery and Bingham (1992) reasoned that ‘within
ordinary limits” might entail a maximum possible density.
Indeed, density is problematic in Leopold’s rendition of
the Principle of Edge because standardized density (e.g.,
no./ha) may have little variation from low to high.
Leopold probably was thinking of density as a synonym
for population size (N); Errington (1945) used the words
as synonyms. Any statement of population size is a
statement of density because the population is implicitly
confined to some area of interest. If Leopold used density
as a homologue of population size, his principle is more
reasonable if the identified problems are corrected. If,
however, Leopold was implying standardized density
(no./unit area) we have mystery. Suppose all usable space
on an area is occupied (maximum population size) and we
add edge. Density (and abundance) would increase under
a strict interpretation of the Principle of Edge. This is
contrary to empirical reason: what mysterious force would
cause abundance to increase with the addition of edge that
is unnecessary from the standpoint of usable space?

These concerns could explain individually or as a
group why Leopold constrained his principle to ordinary
limits. I suspect he had a hunch the principle would work
only on simple landscapes (few cover types). ‘Within
ordinary limits’ perhaps means ‘given relatively simple
arrangements of a few cover types on a landscape.’

Edge vs. Usable Space

Guthery (1997) developed what he called the usable
space ‘hypothesis’, which is a generalization of the
Principle of Edge. The ‘hypothesis’ may be expressed as

N = pDA,
where

N = population size on an area,

p = the proportion of the area that is usable by quail,

D = average density in usable space at some time of
interest, and

A = the size of the area (e.g., ha).

The quantity of usable space is p4. The ‘hypothesis’
is in fact a tautology. Letting p = 1 (all space usable) we
have:

number = (number/area)(area) = number.

Because the Principle of Edge has an implicit statement of
area (Guthery and Bingham 1992), it is contained in the
usable space hypothesis. If / is the length of edge and w is
its effective width (usable space = Iw), it can be shown by
algebra that /w = pA and by substitution:

N = Dlw,

which contains edge (/). However, N = pDA is a better
conceptual model because it deals with quandaries such as
redundant edge and ‘slack’ (different amounts of edge
have the same value to a wildlife population).

http://trace.tennessee.edu/ngsp/vol7/iss1/146

Leopold’s Principle of Edge is now a conceptual
debacle, but his philosophical contributions to wildlife
conservation are properly treated with reverence. He was
a champion of wilderness preservation throughout his
career. His writing gave conservation a moral compass. 4
Sand County Almanac is regarded by many as the bible of
the conservation movement (McCullough No Date).

Leopold noticed smoke coming from the direction of
a neighbor’s house on 21 April 1948 (Meine 1988). He,
his wife, and his daughter (Estella Jr.) gathered up fire-
fighting tools and went to help extinguish the fire.
Leopold died of a heart attack while fighting the fire.

“There were no witnesses to [his] final
moments. ...He apparently set down the full [water]
pump, lay down on his back, rested his head on a clump
of grass, and folded his hands across his chest. The attack
did not subside. The fire, still alive but weakened in
intensity, swept lightly over his body” (Meine 1988:520).

STODDARD AND TENANT FARMING

The Improbable Rise to Eminence

A remarkable absence in Herbert L. Stoddard’s
(1931) classic, The Bobwhite Quail: Its Habits, Preser-
vation and Increase, is a section listing references.
Technical articles on bobwhites were largely non-existent
in the 1920s. In contrast, Texas Quails: Ecology and
Management (Brennan 2007) cites about 1,000 different
articles.

The absence of literature was a bane to Stoddard
because “there was little precedent to assist in the
planning or execution of the project” (Stoddard 1931:
xxi). However, a paucity of knowledge was also a
blessing in that all the information gathered was original.

Stoddard was in some ways ill-qualified by back-
ground and education to take on leadership of the
Cooperative Quail Investigation. He was born in Rock-
ford, Illinois on 24 February 1889. His father was an
intensely religious person who taught mathematics and
penmanship at Stoddard-Winans Business College in
Rockford (Stoddard 1969). His father died when he was
5 weeks old. His mother remarried and Louis S. Flint, the
stepfather, moved the family to Florida in 1893. Flint had
no talent for ‘the earning of a dollar,” said Stoddard and
the family returned to Rockford in poverty in 1900.

Stoddard dropped out of school at the age of 15 in
1905 owing to ‘the never-ending shortage of money’ in
his family (Stoddard 1969). He went to work near his
Grandfather Stoddard’s farm near Prairie du Sac,
Wisconsin. (This locale would later play prominently in
Paul L. Errington’s career.) The young Stoddard worked
15 hours a day for $15 a month.

Stoddard worked as a taxidermist for the Milwaukee
Public Museum and the Field Museum of Natural History
in Chicago during 1910-1924. World War I interrupted
this work and he was stationed near Bordeaux, France,
when the war ended in November 1918. Stoddard saw no
combat duty. “I left the service with a clearer under-
standing of myself and my lifework,” Stoddard
(1969:137) averred.
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The Cooperative Quail Investigation

Early in the 20" century, declining bobwhite
populations on plantations in the general vicinity of
Thomasville, Georgia, and Tallahassee, Florida, prompted
a meeting of wealthy landowners at the Links Club in
New York City (Stoddard 1931). These preserve owners
decided research might help identify and resolve the
problems of quail. (This is one of the earliest examples in
America where research was invoked to solve a
conservation problem. Leopold [1948] also was an early
advocate of research.) They affiliated with the U.S.
Bureau of Biological survey to administer the project. The
landowners anteed up $46,250.52 to fund the project.

The objectives were to study “all phases of the life
history of the bobwhite, with special emphasis on the
character and improvement of the food supply and general
environment, and on the factors of mortality as repre-
sented by predatory enemies, the elements, parasites,
diseases, and regulated and unregulated shooting” (Stod-
dard 1931: xxiii). The project started in March 1924 and
ended in June 1929.

Fire and Bobwhite Management

Besides being the first wildlife monograph of
American origin and a lode of descriptive natural history
information, The Bobwhite Quail presented 2 great ideas.
The first was use of fire in habitat management.

Stoddard’s insight on the role and value of fire was a
product of his youth in Florida, not of his work in the
Cooperative Quail Investigation (Stoddard 1969:180). He
wrote that fire had 3 main positive effects for bobwhites:
increased food supplies, reduced or eliminated jungle-like
aggregations of deciduous shrubs and high biomass
aggregations of forbs and grasses (non-usable space),
and sterilized the countryside for ticks, chiggers, and
certain intestinal parasites. Today we would question the
value of increased food supplies and sterilization for
parasites but agree with the creation of usable space as the
key factor in increasing bobwhites (Guthery 1997).

Stoddard (1931:411) recognized that fire is not
imperative for bobwhite habitat management: “The cover
on many upland preserves can be kept in shape . .. largely
with the use of tractors and plow-harrows, but the expense
is greater [than fire] and in many cases might be
prohibitive.” (I doubt the expense would have been
prohibitive for the wealthy hunters who supported the
Cooperative Quail Investigation.)

“Such burning as proves desirable,” wrote Stoddard
(1931:412), “should preferably be carried on during the
dampness of the night and against the wind if there is any
blowing.” Today we know that Stoddard wrote this
anemic burning prescription under duress from the U.S.
Forest Service and the American Forestry Association
(Way 2006). These organizations were dogmatically
opposed to burning for any purpose in the 1920s.

Tenant Farming and Primitive Agriculture

Stoddard’s second great idea was dependent upon the
emancipation of slaves in the South. This ushered in an
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era of tenant farming and associated small fields, lower
successional patches intermixed with open pine (Pinus
spp.) forests, and high landscape diversity. Bobwhites
thrived under these conditions. Stoddard came to
recognize that “early twentieth-century quail abun-
dance—a big part of what made [the southeastern]
landscape attractive to wealthy northerners seeking
recreation in nature—was as much a cultural phenomenon
as it was an environmental one” (Way 2006:507).

Stoddard’s patchwork (also called primitive) agricul-
ture meme has had great staying power. Today we know it
is a sufficient but not a necessary condition for dense
populations of bobwhites (Guthery et al. 2001). For
example, in the mid-1800s Wisconsin bobwhites irrupted
and achieved exceptional densities before agriculture
arrived (Schorger 1946). Rangeland areas lacking any
type of agriculture also can carry exceptional densities of
bobwhites.

Defects in the Legacy

Any large body of information on any topic
inevitably has strengths and weaknesses and The Bob-
white Quail is no exception. One error Stoddard
committed was passing off as fact after-the-fact explana-
tions of the cause of an event (this is called retroduction).
For example, “many broomsedge [bluestem] fields are
frequented by quail for nesting, roosting, and feeding that
would by shunned by them but for the activities of hogs™
(1931:355). This statement is plausible because of rooting
and trailing by hogs (Sus scrofa). However, it is based on
speculation and some other cause, such as some property
of broomsedge fields that attracts both hogs and quail,
might be the true cause. Or perhaps hogs are attracted to
broomsedge fields to eat quail nests. Such cases of
retroduction continue to inject false information in the
guise of knowledge into wildlife science (Romesburg
1981).

A second boner he committed owed to the process of
invention, or the confusing of plausibility and fact—
retroduction on fantasy. “Weak chicks ... normally are
left behind very quickly by the brood, for the pace
through the cover is regulated by the strong....”
(Stoddard 1931:197). That assertion certainly is plausi-
ble. However, its empirical confirmation involves seeing
a brood (not easy), observing that one or more of its
members are weak (how?), and following to document
that the weaklings are left behind (not easy). How would
you identify a weak chick versus one that simply got
lost?

Here is another example of invention: “Although loss
of developing chicks by drowning appears likely to be of
little consequence in the rolling types of country, and is
largely confined to the very young chicks lost in ditches,
ravines, and gullies....” (Stoddard 1931:202). The
dependent clause beginning with ‘although’ certainly is
plausible but whether it is empirically true was not known
by Stoddard. The phrase containing ‘is largely confined’
is an assertion of fact that ‘very young chicks’ drowned in
ditches and gullies. I would be surprised if Stoddard
observed this because a collection of very young chicks
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that drowned (i.e., water in lungs) is quite implausible.
Inventions such as this take on the aura of truth over the
decades because they are birthed by an expert and
frequently repeated. Humans have a tendency to soften
skepticism when told statements are being made by
experts (Freedman 2010).

Consider the following as a further example of
invention: “If satisfactory sport and a safeguarded
breeding stock are desired on the same ground year after
year, the number of birds shot or otherwise harvested by
man must be offset by control of natural enemies,
improvement of coverts, or restocking” (Stoddard
1931:226). Stoddard is saying sustained yield harvest is
impossible unless you reduce mortality or add to the
standing crop. This notion may be rejected without
recourse to experiment because predators have been
taking a sustained yield of bobwhites for millennia. A
quail dead of shotgun blast is no deader than one dead of
talon. However, Stoddard’s arguments are plausible,
although wrong at the superficial level.

Lest you think I am unmercifully picking on Stoddard
let me say that a lot of ‘knowledge’ about natural
resources is based on invention. I have used (or
committed) it myself. I provided information (Guthery
1986) on where supplemental water was needed based on
annual rainfall. My arguments sounded good but they
were based on nothing stronger than their melodious
appeal to primitive logic.

Stoddard’s book is and will remain a classic. Much of
the natural history information, e.g., nesting, foods,
movements, habitat requirements, and internal and
external enemies, was sound for the times and valid
today except insofar as times have changed.

Herbert L. Stoddard died with a copy of Aldo
Leopold’s 4 Sand County Almanac in his hands on 15
November 1968 (Gromme 1973).

ERRINGTON AND THE DOOMED
SURPLUS

Convalescence and Creativity

Paul L. Errington’s youth was characterized by
debilitating illnesses and self-motivated, sometimes
grueling, recoveries. An attack of polio in the summer
of his eighth year led to prolonged incapacitation
(Errington 1973). Likewise, he contracted rheumatic
fever, an after effect of strep throat that may weaken
heart valves, the last semester of his senior year in high
school. This malady also resulted in a long recovery.
Errington pressed himself physically with excursions in
the outdoors to recover from these illnesses. Undoubtedly,
these bouts provided him the opportunity to observe and
participate in nature at nature’s pace, and to mentally
focus on same without having to commit much mind-time
to the work-a-day world.

It is interesting that Aldo Leopold and Herbert L.
Stoddard also had extended infirmities in their younger
days. Leopold contracted Bright’s disease (nephritis) in
1913 and remained incapacitated for 16.5 months (Meine
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1988:131). Stoddard (1969:104) accidentally chopped his
left leg with an ax and this wound and complications
restricted his field activities from summer 1911 to summer
1912. These slow periods permit thoughts to foment and
thereby foster the emergence of ideas because there is
more time to think than during the conduct of normal
activities. Convalescence seems to benefit creative
thinking.

Errington was born 14 June 1902 on a farm near
Bruce on the banks of the Big Sioux River in east-central
South Dakota. Bruce had 272 residents in the 2000
census. The low human population, plus the nearby
availability of farm, marsh, lake, and riverine habitat
undoubtedly provided the young Errington with a
cornucopia of wildlife and fish. Indeed, he was an avid
hunter, trapper, and fisherman in his youth (Errington
1973).

The biographical information I have been able to
retrieve on Errington makes little mention of his parents
or family life. In his posthumous autobiography (7he
Red Gods Call) he mentions some activities of his
mother and stepfather in a most general sense; names are
not given. His stepfather, a proprietor of an ice cream
parlor, gave the 11-year-old Errington a .22 rifle (Kohler
2011). His maternal grandparents (Johnson) had a farm
on Lake Tetonkaha a short distance west of Bruce.
Young Errington camped, fished, and hunted on the
lake. His maternal uncle, Aaron Johnson, was a
professor at the University of Wisconsin for awhile
(Kohler 2011).

Wisconsin Studies

Early in his professional career, Errington became
associated with Aldo Leopold and Herbert L. Stoddard.
Stoddard and Leopold met in 1928 to select recipients of
fellowships to conduct studies on important upland
gamebirds in America (Stoddard 1969). The Sporting
Arms and Ammunition Manufacturers Institute financially
supported the fellowships. “A likely student for [a]
fellowship, one with a favorable woodsman-trapper
background, was available in the person of Paul
Errington,” Stoddard wrote (1969:220). Stoddard
(1969:221) introduced Errington and Leopold to “key
men and favorable terrain in the Prairie du Sac region,”
where Errington began research on bobwhites as part of
graduate study at the University of Wisconsin, which he
started in July 1929; the fellowship supported his work for
3 years (Errington 1948). He received his Ph.D. in 1932
and went to work for lowa State University, where he
remained for the balance of his career.

Compensation

Errington, in the general realm of ecology, probably
is better known for his work with predator-prey
relationships than for his great ideas regarding bobwhites,
although these ideas overlap. Long before Errington the
prevailing attitude on predators, for those who cared to
have an attitude, was that predators kill and therefore take
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bounty from humankind. Errington (1967:225) took a
deeper look:

In the case of lowa muskrats [Ondatra zibethi-
cus], the predation is centered upon overpro-
duced young; upon the restless, the strangers,
and those physically handicapped by injuries or
weakness, upon animals evicted by droughts,
floods, or social tensions; in general upon what is
identifiable as the more biologically expendable
parts of the population.

Errington (1967:228) also recognized that life as a
tangle of predators and prey, plants and sunlight, food
webs and energy pyramids is replete with compensation.
This tendency to compensate is “one of the prime
upsetters of both theoretical and ‘common sense’
calculations as to how Nature’s equations work.”

Errington’s recognition of compensatory mechanisms
in nature was a stroke of genius. It involved (1) perceiving
patterns hidden in complex relations, (2) dealing with the
non-linearities that bedevil our as-the-crow-flies minds,
and (3) having the fortitude to reject the so-called
common knowledge of the tribe. These are intellectually
deep and painful exercises that go somewhat contrary to
human spirit. Perhaps they can be best explained by
observing that in nature, what you see often is not what
you get. The concepts will become clearer as I proceed
through Errington’s great ideas for quail.

Threshold of Security

The first great idea is that there exists a Threshold of
Security, an imaginary construct that explains quail
dynamics from fall to spring and provides a rationale
for harvest management. Starting with his work at Prairie
du Sac and continuing in Iowa, Errington observed a
“rather constant year to year maximum’ survival
(Errington and Hamerstrom 1936:309). In other words,
carrying capacity, “the upper limit of survival possible in
a given covey territory as it exists under the most
favorable conditions” (Errington and Hamerstrom
1936:308; emphasis in original) appeared constant
through the years. Put in yet different words, barring
weather emergencies such as blizzards, the number of
breeders at the start of spring tended to constancy, at least
in Errington’s early results.

Errington (1945) called this number the Threshold of
Security. Based on his field observations and data, when
population abundance exceeded the threshold number,
individuals were vulnerable to all forms of loss: egress
(leaving the area), disease, predation, harvest, and other
losses. Conversely, populations at or below the threshold
were resistant to all forms of loss. Birds in excess of the
threshold number were members of a doomed surplus
(Errington and Hamerstrom 1936).

The threshold and doomed surplus concepts have
direct relevance to harvest management: the shooting of a
member of the doomed surplus has no effect on the
population. The death of such an individual is fully
compensatory—none lost from the breeding population
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for each bird bagged. Harvest, therefore, is inconsequen-
tial to bobwhite populations unless it involves taking birds
from a population at or below the threshold level.

Inversity

I will show flaws in the threshold concept but first I
discuss Errington’s second great idea. It goes back to the
compensation in nature that he recognized.

“Summer gains, as shown by numerical differences
between spring and fall populations..., look highly
variable; but ... they reveal certain patterns (Errington
1945:13; emphasis added). “By the fall of 1932, it had
been noted that summer gains tended to be in inverse ratio
to spring densities. ... For such years, we may ordinarily
expect Prairie du Sac spring densities of 40 birds [this is
really population size] to be followed by fall densities of
about 140; spring densities of about 100, by fall densities
of about 325; spring densities of 200, by fall densities of
about 400; spring densities approaching 340, by fall
densities approaching 440.”

The above numbers show that as density of breeding
birds goes up, productivity per pair goes down (inversity).
Errington (1945:13) observed of spring pairs at Prairie du
Sac, that 20 produced 5 young/pair in the fall, 50
produced >4 young/pair, 100 produced 2 young/pair, and
170 produced one-half young/pair. Errington observed
that productivity as a function of spring density followed
a reverse sigmoid curve. (I have accurately relayed what
Errington reported, but I suspect he was reporting young/
adult, not young/pair).

This Principle of Inversity is not only “one of the
prime upsetters” (Errington 1967:228) of both theory and
common sense but also a remarkable finding that holds
approximately across wild vertebrates ranging from
reptiles to mammals. Inversity is also called density
dependent productivity. Density dependence is a mecha-
nism which reduces the annual volatility of wildlife
populations—a sort of population shock absorber that
stimulates low populations and inhibits high populations.
Errington discovered a truly great idea in the Principle of
Inversity.

Contradiction

Just because the Threshold of Security and the
Principle of Inversity are great ideas does not necessarily
imply that they are without flaw. For example, the 2
concepts contradict each other. The threshold concept
entails some constancy in breeding populations yet the
inversity concept cannot be observed unless breeding
populations are variable.

Regarding harvest management of bobwhites, the
doomed or annual surplus model has been called into
question. The model cannot possibly reflect nature in the
case of variable thresholds (Romesburg 1981), which
Errington (1945) posited. The additive model of harvest
mortality (Roseberry and Klimstra 1984, Guthery 2002)
seems to better explain the few empirical data available.
However, for populations with low annual survival rates,
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the doomed surplus and additive models of harvest predict
similar dynamics for bobwhites.

Scott (1963) considered Errington a deep thinker; I
personally regard him as the deepest thinker of the Big
Three. He took quailology beyond simple description and
generalization into the realm of theoretical constructs
(e.g., the Threshold of Security). Such concepts are key
properties of elegant science (Guthery 2008).

Errington died in his sleep on 5 November 1962
(Schorger 1966) at the age of 60. One wonders whether
his childhood bout of rheumatic fever might have
hastened his death.

OTHER GREAT IDEAS

Leopold, Stoddard, and Errington are not the only
biologists who have made important contributions to our
understanding of bobwhites. Robert J. Robel and his
students at Kansas State University have done superb
work on foods and energetics. One particular paper,
‘Bioenergetics of the bobwhite,” (Case and Robel 1974), is
a classic that explains a great deal about how bobwhites
process calories and deal with ambient temperatures.
Recourse to the information in this paper lays to rest many
a phony notion about the thermal ecology of bobwhites.

John L. Roseberry and his students and colleagues at
Southern Illinois University further developed the theory
and practice of harvest management from the pristine
speculations of Errington. ‘Bobwhite population responses
to exploitation: real and simulated’ (Roseberry 1979) is
another classic. It is the type of paper so chock full of useful
information that almost every sentence warrants highlight-
ing. Population Ecology of the Bobwhite (Roseberry and
Klimstra 1984) is a classic, underappreciated book.

Of course, in recent decades there have been a few
hundred refereed articles on the management and biology
of bobwhites, and research continues in the United States.
This work is of variable importance. No doubt in time
some of it will influence ‘the vocabulary of everyone’s
thought’ to the same extent as the work of Leopold,
Stoddard, and Errington.

A final observation: a common property of the Big
Three was extensive field observation coupled with
analytical thinking on the mental information thus
accrued. We appreciate them for observing and thinking.
They rode to great heights on the back of natural history,
without recourse to statistical folderol.
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ONE HUNDRED YEARS OF QUAIL MANAGEMENT IN ARIZONA
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ABSTRACT

Populations of Gambel’s (Callipepla gambelii), scaled (C. squamata), and Montezuma (Cyrtornyx montezumae) quail in Arizona have
fluctuated greatly in the 100 years since statehood as have regulations governing their take. The greatest fluctuations in numbers have
been annual, but there is some evidence for a long-term decline in the numbers of all species. Quail hunt success has declined
significantly since 1962 according to both check station information (+* = 0.27; P<0.0001) and hunt questionnaire data (+* = 0.35;
P<0.001). Past attempts to improve or stabilize quail populations through bag limit and season adjustments have failed to impact quail
numbers. Research investigating the influence of harvest on quail numbers showed that subsequent year population sizes fluctuated
independent of harvest and that hunting had little effect on population size. Thus, season lengths increased over the years with late
winter hunting opportunities becoming increasingly popular after 1979. Studies comparing hunted and non-hunted areas have not been
conducted since late season hunting was initiated, and are needed to convince the public that quail populations in areas closed to late
season hunting remain similar to those in areas open to late season hunting. Habitat conditions have also changed, deteriorating
generally but improving on certain federal lands. Quail management efforts to improve hunt success by providing rainwater catchments
and other habitat manipulations have not been effective at increasing population size, and water developments for livestock have
resulted in long-term range deterioration. Decreasing population sizes and quail hunt success during the last 50 years, if due to
environmental changes, cannot be addressed by regulation changes.
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INTRODUCTION

Quail hunting was an important sport in Arizona
Territory along with taking quail for subsistence and
commercial purposes. The sport involved in taking
Arizona’s quail was recognized as early as January
1864, when mining engineer J. Ross Browne wrote:

“Quail were very abundant as we drew near our
first camping place on the Gila. I killed about two
dozen on the wing; that is to say that I was on the
wing myself when 1 shot, but the quail were on
the ground...”

J. Ross Browne, 1869:76

The arrival of the railroads in Arizona in the 1880s
opened markets on the Pacific Coast, and the commercial
hunting of quail and doves became conspicuous, if not
pervasive. Fearing their sport might be in jeopardy,
sportsman’s organizations such as the Tucson Gun Club
prevailed on the territorial legislature to amend the game
code in 1893 to extend the sport hunting of quail and other
small game through March, and to outlaw the sale and
shipping of wildlife during the closed season (Brown
1989).

Gambel’s quail appear to have generally persisted in
good numbers despite the droughts and landscape changes
attendant with, and succeeding, the turn of the 20™
century. This was due to the species’ natural adaptability
to shrub-dominated habitats rather than grassland and the
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expansion of grain cultivation after 1900 (Brown 1989).
Some chroniclers such as Herbert Brown (1900) and Will
Barnes (in Gorsuch 1934) described Gambel’s quail
populations as being larger prior to the droughts of the
1890s than later. The evidence is clear, however, that the
more grassland-oriented species—scaled quail and Mas-
sena (Montezuma, locally known as fool or Mearns’)
quail declined in both distribution and abundance.
Another grass-forb obligate quail, the masked bobwhite
(Colinus virginianus ridgwayi) was extirpated from the
state by 1900 (Brown 1904).

There was still good quail hunting to be had in
Arizona after 1900 in spite of game laws often being
ignored. An abundance of river bottom vegetation and
wheat farming gave Arizona a reputation for quail hunting
par excellence (O’Connor 1939). It was also recognized at
an early date that Gambel’s quail hatching success and
population size was influenced by the amount of rainfall
during the previous winter (Brown 2009). As today, quail
hunting had its ups and downs, and some banner years
were reported:

Yesterday was the opening day of the quail
season, and many local nimrods tried their luck
with the gun. The little brown birds at one time
bid fair to be an unknown quantity in Arizona,
but of late years a wise law for his protection has
been in operation and his call can now be heard
on all the hills and in all the valleys. At one time
trappers captured the quail by the thousands and
shipped them by the car load to the markets of
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California. The sportsmen became alarmed at the
rapid extermination and the legislature did the
rest. Quail are now plentiful all over the country.
Arizona Daily Star, 16 October 1903

MANAGEMENT

The advent of cities and commerce meant that sport
hunting had come to stay and, in 1905, the sale of game
was outlawed entirely. The legislature in 1909 limited
quail hunting to an open season of 16 October through 31
January, and this season remained in effect in the first
state game code passed in 1912 along with a bag limit of
25 quail.

Little information is available on the vagaries of quail
hunting between 1913 and passage of a ‘new game code’
in 1929. Quail management consisted primarily of
trapping and transplanting quail to uninhabited or
depleted areas, passing an Initiative in 1916 to close the
season on 31 December and lower the daily bag limit to
20 ‘Gambel or Valley Quail,” and establish refuges closed
to hunting (Brown 2012). Quail numbers must have been
thought in need of improvement in 1929, as the season
was again shortened, this time to 1 November through 31
December and the following year the newly appointed
Arizona Game and Fish Commission reduced the bag
limit to 15 quail per day. No season on Massena
(Mearns’) quail was authorized.

The conventional wisdom for game restoration in the
1920s called for strictly enforced closed seasons,
additional refuges closed to hunting, and vigorous
predator control. Quail and other small game species
were subject to the same prescriptions as big game except
restocking with pen-reared and exotic game birds was
much in vogue. These concepts were later found to be
simplistic, if not outright erroneous, but this thinking
would dominate quail management in the Southwest for
30 years. More than 60 game refuges had been established
by the 1930s—several specifically for species of quail
(Fig. 1).

Probably the most significant management action in
the 1930s was publication of Gorsuch’s (1934) life-
history study and conclusion that Gambel’s quail could
best be increased by preserving and rehabilitating their
habitat—primarily through elimination of overgrazing.
Gorsuch also recommended controlling the quail’s natural
enemies, better sportsmanship by hunters, the enforce-
ment of reasonable game laws, and continued study by
qualified biologists. It was not until 1939, however, when
Arizona agreed to participate in the Pittman-Robertson
Act that these recommendations could be implemented.

The first efforts to manage Arizona’s premier game
bird were for deputy wardens and Federal Aid biologists
to make summer brood counts to appraise the commission
of the year’s quail hunt expectations, and to trap quail
from farming areas where depredation complaints had
been received. Quail hunt regulations fluctuated with the
vagaries of supposed population levels: the bag limit was
reduced from 15 to 10 in 1934, increased to 12 in 1937,
and reduced to 10 again in 1939.
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Arizona’s first Federal Aid quail study focused on
Cochise County, where the objective was to develop a
satisfactory management plan and hunt regulations for
Gambel’s and scaled quail (Griner 1940b). Probably
because of Gorsuch’s influences, overgrazing and depre-
dations by kangaroo rats (Dipodomys spp.) and ants were
considered the most deleterious influences in need of
investigation (Griner 1940e). Small ‘inviolate’ refuges
near water sources were established, and it was recom-
mended the county be divided into 4 management units,
one to be closed to hunting each year on a rotating basis.
The reasoning behind this recommendation, which was
not implemented, was to reduce hunt pressure on the same
coveys year after year.

Other quail investigations in 1940 concentrated on
visiting well-known quail locales, reporting on quail
conditions, and making recommendations for refuges and
water developments (Griner 1940c, d, e; Kimball 1940a,
b, c¢; Lawson 1940a, b). Drought, overgrazing, and
overhunting were considered the primary factors limiting
quail numbers, although Griner (1940b) recognized the
value of green growth to reproductive success—a
phenomenon he attributed to the production of Vitamin
B-1. Other quail related activities consisted mostly of
responding to requests to trap and disperse quail feeding
on crops in the Safford, lower Gila River Valley, and
Yuma areas (Griner 1940a, Lawson 1940c).

The winter of 1940-41 was abnormally wet, and
much needed. The hunt recommendation was conserva-
tive despite an excellent hatch, and only a 15-day season
was authorized. Kimball (1941a, b, c¢) thought that
drought and heavy grazing had taken too great a toll of
the breeding stock during the previous years. The planned
implementation of deferred grazing systems, then being
promoted by range conservationists, was also thought to
be potentially ruinous to quail as all pastures would be
grazed 3 years out of 4. A series of small enclosures were
recommended as quail refugia to compensate for an
increase in grazing duration

The winter of 194142 was not so generous. Summer
surveys showed a decline in young to adult ratio, even
though the successful hatch of 1941 had boosted the
number of quail seen on surveys to a new high (Fig. 2).
Kimball (1942b, c) unsuccessfully recommended short-
ening the month-long November season that had already
been approved by the commission because of low
recruitment.

The most substantial accomplishment in quail
management in the early 1940s was the acquisition by
the Arizona Game and Fish Department of tax delinquent
lands along the lower Gila River for quail habitat. Similar
plans for a management complex near Tucson were
thwarted when the land was acquired for Davis-Monthan
Air Force Base. One important achievement was the first
mailing of a small-game hunt questionnaire to monitor the
importance of quail to the state’s license purchasers—an
effort that with modifications would be implemented in
the early 1960s (Brown 2012).

The summer surveys in 1943 indicated a disastrous
hatch and an extremely low quail population (Fig. 2), and
it was reasoned the high harvest enjoyed in 1942 had been
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Fig. 1. Arizona State Game Refuges in 1938.

a debilitating factor. That the percentage of young in the
1942 check station bags was considerably lower than
observed on July surveys was additional cause for
concern. Much of the annual crop had been lost before
the season began, and there was a fear the hunt had
reduced brood-stock needed for the coming year. The
length of the 1943 season was halved to 15 days.

Low quail numbers persisted through the mid-1940s.
Some quail restoration plots in Cochise County showed
improvement in range conditions, but little if any increase
in quail numbers was discernable (Kimball 1942a; Eicher
1943, 1944). Quail management focused on expanding

http://trace.tennessee.edu/ngsp/vol7/iss1/146

and standardizing summer brood counts, trapping and
transplanting excess birds from agricultural areas (e.g.,
Arrington 1942, Kimball 1943), and implementing
conservative hunt regulations. Water developments were
given new impetus by Glading’s (1943) ‘gallinaceous
guzzlers’ in California, and water catchments specifically
constructed to benefit quail were constructed in the
Superstition Mountains, Paradise Valley, and other quail
hunt areas (Fig. 3, Kimball 1946a).

Midsummer quail surveys in 1945 showed another
year of poor quail production, and some populations were
deemed the lowest in recorded history (Kimball 1946b).
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Fig. 2. Standardized Gambel’s quail survey and rainfall information in Arizona, 1941-53.

Even the Yuma area, the perennial source of crop
depredation complaints and the source for quail stocking
attempts, showed a marked decline. Hunting was thought
to be additive to natural mortality, and Kimball (1946a)
calculated that a ratio of 2.1 young to one adult was
needed to justify a hunt. This number was based on Emlen
and Glading’s (1945) mean annual monthly mortality rate
for California quail (Callipepla californica), and on past
survey and check station data for Gambel’s quail in
Arizona. Summers having ratios of young to adults above
2.1:1 (1940, 1941, 1944) had been followed by fair to
good quail seasons; those years when the young-to-adult
ratio was < 2.1:1 were succeeded by poor or decreased
hunt success. The statewide young-to-adult ratio observed
in 1945 was 0.4:1; there would be no quail season in
1946, 1947, and 1948 (Fig. 2, Table 1; Brown 1989).

A 7-year drought broke in January 1949. Summer
quail counts that year showed a statewide young-to-adult
ratio of 2.16:1, and a 2-day season was authorized in 2
areas of southwest and east-central Arizona where ratios
exceeded the 2.1 minimum (Lawson 1949). The bag and
possession limit was 5 quail. The return to quail hunting
was short-lived, however. Midsummer surveys in 1950
showed a Gambel’s quail young-to-adult ratio of only
1.04:1 and the number of quail seen per 1.6 km of survey
reached a new low.

Another miserable quail year followed in 1951, but
Kimball’s 2.1 young-to-adult criterion was now being
scrutinized more closely. Gallizioli (1951a), on the basis
of past survey and hunt data, questioned the rationale for
closing the season in poor years. Most of the variation in
quail hunt success appeared solely due to reproductive
performance, population levels showed little relationship
to previous hunt regulations and harvests. Sportsmen were
also questioning the validity of brood counts, contending
the surveys missed counting many young of the year.
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Additional surveys were conducted at their request, and
substantial increases in young quail were noted on many
of the routes. Short, local hunts of 2 }4 days each were
then authorized in several areas. Survey route procedures
were revised and the number of routes expanded
(Gallizioli 1951a). Most importantly, a research study
was instituted to examine the actual effects of hunting on
quail populations (Gallizioli 1951b, 1952, 1953, 1954;
Webb 1953).

QUAIL RESEARCH AND MANAGEMENT

Quail were abundant in 1952. Statewide young-to-
adult ratios increased from 1:3.1 in 1951 to 3.4:1 — within
0.1 of the 1941 high. A 1-14 December season was
approved with a bag limit of 8 quail. The data generated
from this and the 1951 hunt, coupled with preliminary
research findings, showed how overly conservative past
hunt recommendations had been. Swank and Gallizioli
(1953, 1954) were now able to show quail populations
were heavily dependent on winter precipitation and the
success of the hatch. Hunting had little if any effect. The
2-week hunt in late fall with an 8-bird bag limit was
continued (with local exceptions). Previous management
practices were questioned and either eliminated or
modified. Trapping and transplanting practically ceased,
refuges were abolished, and the value of water catchments
was investigated.

Summer survey routes were modified in 1956, and a
test made of a new call-count survey technique pioneered
by Senteny (1957) and Gallizioli (1957a). A November-
December season was recommended in 1957 as banding
studies had shown that no more than 25% of the
population would be removed by hunting, the percentage
of quail removed was proportional to the density of birds,
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Fig. 3. Tom Kimball showing one of the first quail water
catchments in the Superstition Mountains, Arizona, ~ 1946. The
apron of this ‘gallinaceous guzzler” is of asphalt and the water
capacity of the catchment is limited to a few hundred liters.

and that hunting mortality was compensatory to natural
mortality (Gallizioli 1957b).

Banding studies by Griner et al. (1941) and Swank
and Gallizioli (1953) had shown a high loss of young
quail between the midsummer brood count and late fall
hunting seasons; thus a split 40-day season from mid-to
late October and from mid-December through early
January was adopted in 1958 to harvest those juveniles
‘that were going to die anyway’. The daily bag limit was
increased to 10. Management efforts now concentrated on
improving survey techniques, developing an annual
statewide harvest estimate, and establishing a standard-
ized season.

Harvest questionnaires were providing reliable hunt
success estimates by 1965 on a statewide basis and a split
quail season during the month of October and from 1
December through the end of January was in effect. The
closed season during the month of November was to allow
cattle growers to conduct round-ups without interference.
A 15-bird bag-limit was established as the norm. A major
change in survey procedures occurred in 1962 when call-
count surveys proved able to predict fall population levels
as measured by hunt success with 97% accuracy (Kufeld
1962, 1964, 1965; Smith and Gallizioli 1965; Fig. 4).

November was included in the quail season in 1971
without objection from stockmen and, in 1979, the season
was extended to mid-February to coincide with closing of
the increasingly popular Montezuma quail season. A
standard small-game season opening on the second Friday
in October was adopted that year, and this generous
season of ~125 days remained in effect to the present
time.

http://trace.tennessee.edu/ngsp/vol7/iss1/146

MANAGEMENT PRACTICES

Water Development

The practical aspects of water developments on quail
populations were resolved by a Department study in the
Paradise Valley-Pinnacle Peak area north of Phoenix that
began in 1958 and concluded in 1962. Nine rainwater
catchments were sealed from use in the study area from
January 1961 through the end of the 1962 quail season,
effectively drying up 81,000 ha of quail habitat with the
exception of one intermittent stock tank. Despite the fact
that 1961 was a drier than average year, quail call-counts
and hunt success during the 1961 and 1962 seasons was
slightly higher in the study area than in the adjacent
control area where several rainwater catchments supplied
quail with water throughout the spring and summer. It
thus appeared water developments served to concentrate
birds within certain portions of a covey’s range but had
little effect on quail numbers and overall distribution
(Gallizioli 1961, 1965).

Effects of Grazing

Gorsuch (1934), Griner et al. (1941), Kimball
(19464a), and others considered heavy grazing to have a
deleterious effect on Gambel’s quail. They reasoned the
resulting reduction in forage and ground cover contributed
to an increased mortality of adults and chicks and was an
important cause of low quail numbers. These early
suppositions were somewhat discredited by the knowl-
edge that Gambel’s quail numbers fluctuated as markedly
on grazed ranges as on ungrazed allotments, but the
influence of livestock grazing on population carryover
remained a concern.

Two similar areas were compared in an attempt to
obtain some insights into the impact of grazing on
Gambel’s quail populations: the Three-Bar Wildlife Area
and a Tonto Basin study area. The former area had not
been grazed since ~1944 whereas Tonto Basin was
heavily grazed. Both areas were good quail habitat, about
the same size, and possessed precipitation stations. Call-
count and hunter collection data showed no significant
differences in the percentage of young quail in the bag
between the 2 areas for the 5 years from 1977 through
1981, even though the call-count index was higher on the
non-grazed Three-Bar in all years but one, and hunt
success was greater on the Three-Bar (Brown 1989).
Hunters averaged almost a bird more per day on the
Three-Bar than on Tonto Basin despite the same hatching
success in both areas. It could be argued that quail hold
better when more ground cover is present, and are thus
more susceptible to the gun, but the fact that the call-
count index was higher on the non-grazed area 4 of 5
years suggests population carryover was also usually
greater on the Three-Bar than in Tonto Basin.

Virtually no field studies of Gambel’s quail have been
done since 1981, the species of concern having switched
to Montezuma quail and, to a lesser extent, scaled quail,
both of which were shown to be impacted by livestock
grazing and plant succession.
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Table 1. Quail hunt information from statewide hunt questionnaires and Oracle Junction check station, 1940-2010.

No. Quail Quail @ Quail/trip No. Quail Quail @ Quail/trip
Year Harvested Quail/trip check sta. check sta. Year harvested Quail/trip check sta. check sta.
1940 3,858 6.7 1976 1,233,308 3.2 1,574 2.1
1941 6,794 5.9 1977 872,471 2.8 782 2.0
1942 8,497 5.0 1978 1,580,309 4.2 2,590 4.4
1943 1,529 3.9 1979 2,903,804 5.0 6,021 6.7
1944 no check sta. 1980 1,987,103 4.5 3,756 5.8
1945 no check sta. 1981 1,317,406 3.1 1,518 3.4
1946 no hunt no hunt 1982 1,303,570 3.4 2,141 3.5
1947 no hunt no hunt 1983 1,459,580 3.6 1,894 3.3
1948 no hunt no hunt 1984 1,181,450 3.1 1,133 2.3
1949 no hunt no hunt 1985 1,357,998 3.2 921 2.1
1950 no hunt no hunt 1986 1,540,736 3.5 372 2.0
1951 3,234 2.0 1987 996,517 2.9 822 2.4
1952 4,303 3.9 1988 707,252 2.7 348 1.2
1953 4,997 3.3 1989 443,111 2.0 139 0.6
1954 6,658 3.3 1990 342,952 1.6 278 1.1
1955 3,365 2.5 1991 728,038 2.9 1,084 3.5
1956 1,407 1.7 1992 1,121,746 3.5 1,802 3.3
1957 1,767 2.0 1993 1,463,669 3.4 1,556 3.4
1958 2.6 1994 1,031,285 2.7 1,511 2.9
1959 3,567 25 1995 1,389,639 3.1 1,394 2.6
1960 10,395 5.9 1996 833,780 2.1 474 1.2
1961 303,980 3.2 1,916 2.6 1997 554,832 2.0 373 1.3
1962 320,865 2.6 9,358 6.0 1998 840,258 2.9 1,113 3.0
1963 557,327 4.3 6,928 4.9 1999 794,230 2.5 921 2.6
1964 711,826 41 1,421 2.9 2000 537,202 2.2 365 1.1
1965 715,007 4.7 5,600 4.9 2001 814,559 2.8 1,383 3.1
1966 1,223,243 5.8 3,467 4.3 2002 383,453 2.1 256 1.2
1967 1,006,519 4.0 885 3.1 2003 759,889 2.7 569 2.1
1968 1,541,978 5.3 2,115 4.6 2004 654,977 2.5 393 2.0
1969 1,351,429 4.2 896 3.3 2005 1,566,849 3.9 614 2.9
1970 1,026,276 3.3 580 4.3 2006 778,798 2.9 219 0.9
1971 551,289 2.7 1,017 1.7 2007 618,982 2.0 162 1.0
1972 468,347 2.5 1,888 2.9 2008 362,306 2.4 270 2.1
1973 1,108,330 3.8 5,623 45 2009 442,102 2.3 264 1.8
1974 969,270 2.8 1,221 2.0 2010 371 2.7
1975 1,334,195 3.6 2,435 3.7

WERE QUAIL MORE ABUNDANT IN
THE PAST?

Gorsuch (1934), Leopold (1977), and Brown (1989)
speculated that quail numbers, although fluctuating in
response to the vagaries of winter precipitation and the
hatch, were greater in the 19" century than in the 20™.
The historic accounts on which these assumptions are
based are too numerous and too detailed to be dismissed
out of hand. The argument that this decline is based on
long-term habitat alterations is persuasive and cannot be
ignored. Mesquite (Prosopis spp.) bosques and other
riparian habitats in particular have been much altered and
Gambel’s quail have undoubtedly suffered from years of
grazing during times of drought, cessation of wheat
farming, onset of industrialized agriculture, and the
invasion of saltcedar (Tamarix spp.) and other exotic
vegetation (Brown 1989).

The big question is whether this decline continues to
occur and, if so, what are the actual causes, and, if
identifiable, can anything be done to remedy the situation?
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Check station records show quail hunters at Oracle
Junction in 1940, a dry year following prolonged drought,
averaged 6.6 quail per hunter day—a success rate not
attained now even in the best years. It would appear that
quail hunting is less productive now than in the 1940s and
1950s unless one accepts the premise that hunters were
formerly more dedicated. Fortunately, due to the moni-
toring programs implemented in the 1950s and 1960s, we
now have the means to track quail hunt success, and fall
population levels for the past half century.

The earliest of these monitoring methods were check
stations and wing boxes (Brown 1989; Table 1). Provided
one accepts the dictum that number of birds bagged per
hunter trip is a function of population density, the trend at
Oracle Junction, one of the state’s premier quail hunting
locales, indicates a population decline from 1940 through
2010 (#* = 0.27; P < 0.0001; Table 1, Fig. 5).

A more representative picture for Arizona can be
obtained by examining the numbers of quail claimed and
bagged per hunter trip as measured by small game hunt
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Fig. 4. Quail call count and hunt success information in 3 areas
in Arizona. Data from Smith and Gallizioli (1965).

questionnaires. These data, while showing no significant
change (P< 0.10) in numbers of quail claimed, show that
hunt success has also declined since 1962 when
questionnaire surveys were initiated (#° = 0.35; P <
0.001; Table 1, Fig. 6).

So, what is happening? Are quail hunters less avid in
their pursuit of quail or are quail numbers in long term
decline? One argument confounding the later conclusion
is that Christmas Bird Count data collected by the
Audubon Society in Arizona, while showing large annual
fluctuations, show no long-term change in Gambel’s quail
populations between 1962 and 2010 (Fig. 6: 7> =0.01: n.s;
http//audubon2.org/cbcist/Fig. 7). Thus, the phenomenon
of declining quail hunt success may only apply to those

public lands open to quail hunting. There are several
hypotheses to possibly explain a long-term decline in hunt
success.

1. Quail hunters are less dedicated to their sport than
formerly; do not exert themselves as much and quit
hunting earlier in the day.

This assumption is difficult to test and there is little
reason at present to assume its validity. Personal
observation shows that quail hunters appear as dedicated
to their sport as formerly, and more likely to use bird
dogs. Nor is there any evidence of an increase in the
percentage of novice quail hunters, nor any data to
support a decrease in hunter interest or hours spent afield.
One must accept the premise that either a higher
commitment to hunt success existed in the past or quail
are now less easy to obtain, unless further exploration into
this phenomenon is forthcoming.

2. Hunter intensity has increased and more late winter
hunting has resulted in increased mortality rates and
fewer birds available to breed and nest the following

Spring.

This hypothesis, although rejected by most game
managers (e.g., Guthery et al. 2004), is testable and needs
investigation if for no other reason than to assure the
public that prolonged hunting is not depleting breeding
stock. Most studies in Arizona and elsewhere have shown
hunt mortality in small game populations is compensato-
ry, but there may be situations where intense, prolonged
hunting pressure impacts quail numbers—at least locally
(e.g., Williams et al. 2004, Rolland et al. 2010). The
extension of quail hunting seasons from January to mid-
February in Arizona was instituted affer studies had
shown hunting did not result in additive mortality and

Fig. 5. Quail/hunter trip at Oracle Junction, Arizona check station, 1940-2010.
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Fig. 6. Quail/hunter trip from mail questionnaires, Arizona, 1961-2009.

subsequent reduced quail population levels. Even though
the large expanses and nature of quail habitats in Arizona
make an additive mortality hypothesis unlikely, such a
situation in local areas could reduce hunt success over
time. Whatever the reason, this hypothesis can be tested
by comparing quail populations in areas closed to late
season quail hunting with those in similar or adjacent
areas open to such hunting.

3. Precipitation totals are in a long-term decline and/or
rainfall patterns have changed.

Most biologists and some hunters are prone to
subscribe to this rationale as the reason for a decline in

quail numbers despite a lack of statistical documentation.
The problem with this explanation is there is little or no
evidence to show a long-term decline in either winter or
summer rainfall amounts in Arizona’s quail habitats after
1960 (Turner et al. 2003). There appears to have been
instead an increase in precipitation albeit of a higher
variability (McClaran 2003). There has also been an
increase in minimum temperatures since 1962, attendant
with a continued increase in woody vegetation of tropic-
subtropic origin (McClaran 2003, Turner et al. 2003). It is
thus possible the overall increase in shrubby vegetation
has reduced hunt success, however slight. If so, such a
time-sensitive change would be difficult to measure.

Fig. 7. Number of Gambel’s quail seen/party/hr in Arizona on Audubon Christmas Bird Counts, 1962-2010.
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Fig. 8. Number of ravens seen/party/hr on Audubon Christmas Bird Counts, Arizona, 1962—2010.

4. Habitat conditions have continued to gradually deteri-
orate due to inappropriate grazing and other land uses.

This rationale is another favorite explanation for
declining quail numbers and appears to have merit.
Studies by McAullife and Van Devender (1995) and
McAullife 1998) have shown the construction of stock
tanks and other improvements concentrate livestock and
result in long-term vegetation changes and desertification
on public lands. The resulting increased evapotranspira-
tion rates facilitate wind and sheet erosion that results in
lower soil productivity. The corresponding changes in
vegetation from semi-desert grassland and other vegeta-
tion communities of high value to quail populations are
gradually replaced by desert-scrub communities with
depauperate understories that lower quail numbers and
hunt success. This hypothesis can be tested using paired
areas, one of which is closed to livestock grazing, over a
set period of time.

5. Predation rates have increased due to increased water
developments, more road kills and other ecological
changes.

A major cause of concern by earlier wildlife
biologists (e.g., Ligon 1927), predation has long been
considered a factor in game bird population dynamics
(e.g., Gorsuch 1934, Potts 1986). Even now, some
sportsmen continue to relate predation to quail population
declines—a hypothesis rejected by most wildlife manag-
ers (e.g., J. R. Heffelfinger, personal communication
2012). There are, however, no studies indicating an
increase in predation despite a curtailment in the use of
predacides and evidence of increases in small carnivore
populations and egg predators such as the common raven
(Corvus corax) after 1972 (Fig. 8; = 0.813; P<0.001;
Audubon Christmas Bird Count (http//audubon2.org/
cbchist/graph.html). Hunt success on coyotes (Canis
latrans) and foxes (Urocyon cinereoargenteus and Vulpes
velox) in Arizona has also increased since 1991 with a
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reduction in fur prices and a ban on leg-hold traps (e.g.,
Arizona Game and Fish Department 2011). It thus
appears, at least to some, that increased predation on
breeding birds and their eggs could possibly explain a
decrease in quail hunt success. Either way, no remedial
measures should be taken unless further investigation
demonstrates these concerns are justified.

Of the above 5 possible explanation for the decline in
quail hunt success, only #’s 2, 3, 4, and 5 can be
developed into testable hypotheses and only # 2 can be
addressed by regulation changes. However, comparative
studies need to examine if late hunt mortality is a factor in
decreasing hunt success before any hunter restrictions are
made. If # 3 is the cause, nothing can be done and the
decline in hunt success will continue. If issues 4 or 5 are
involved, only major management changes, difficult to
implement, would stop the progression toward lower hunt
success.
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ABSTRACT

The terms adaptive management and structured decision making are now commonplace in the field of wildlife management. The
essential elements of each include unambiguous, measurable objectives, management alternatives for achieving those objectives, and at
least a conceptual model for predicting the consequences of enacting each alternative. Many self-proclaimed practitioners do not
understand the complete and correct application of these decision making tools, and many of the most likely beneficiaries are fearful of
attempting to use them for similar reasons. The most common misconception is that these approaches equate to modeling or decision
making by trial and error. The next most common misconception is that large amounts of data and complex simulation models are
required before starting either process. Obviously, more information leads to more informed decisions, but frequently starting with a
structured process leads to gathering more of the right information to inform decision making. Developing and applying adaptive
management and structured decision making, done correctly, requires multiple participants representing analysts, researchers,
managers, and beneficiaries, each of whom bring different essential skills to the process. However, none of the participants must possess
all of those skills. When representatives from each of these groups work within their own skill sets, the rest is comparatively easy and
requires only that all parties share a basic understanding of the process, a commitment to a shared set of wildlife conservation
objectives, and transparent, open communication regarding the essential elements. Adaptive management also requires a commitment to
monitoring to inform future decisions. The steps used to develop these decision support tools for conservation and wildlife management
are the same for problems that range from site-level decisions to apply specific management actions, landscape-level decisions to
prioritize areas for acquisition and management, and policy decisions that affect conservation at continental scales. Many of these
problems do not require full application of adaptive management unless iterative decision making is required, and there is uncertainty
with regard to the mechanisms leading to the consequences of management. Adaptive management can provide a means of learning
more about those mechanisms while maximizing the likelihood of success. It is relatively easy to understand the development and
implementation of these powerful management tools. The difficulty lies in obtaining the commitment necessary for their
implementation.

Citation: Grand, J. B. 2012. Adaptive management and structured decision making: is it really that easy? Proceedings of the National Quail
Symposium 7:20.
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THE WESTERN QUAIL MANAGEMENT PLAN

Larry Riley'
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ABSTRACT

The Western Quail initiative was first proposed at Quail III in 1993. The reasons for creating this group were to improve management of
western quail, assess populations range-wide, identify current threats, improve habitat, and identify research needs. The Western
Association of Fish and Wildlife Agencies (WAFWA) approved creation of the Western Quail Working Group (WQWG) in July 2009.
The purpose of the group is to implement the habitat objectives and management recommendations outlined in the Western Quail
Management Plan, published by the Wildlife Management Institute in January 2010. Membership in the WQWG includes
representatives from state and federal wildlife agencies and non-governmental organizations involved in wildlife habitat improvement.
The first meeting of the group was at the January 2011 meeting of WAFWA in Tucson, Arizona where Memoranda of Understandings
(MOUs) among the states and federal land management agencies were crafted and then signed by WAFWA states and Federal agencies
at the July 2011 WAFWA meeting. The WQWG is poised to re-energize habitat restoration, research, and management of species of
western quail throughout the Western United States. We welcome all partners who wish to be a part of this effort.
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Welcome to the 7™ National Quail Symposium! I am
Jon Gassett, Commissioner of the Kentucky Department
of Fish and Wildlife Resources, and Chairman of the
NBCI Management Board. I would also like to extend the
welcome of Nick Wiley, my co-chair, and Executive
Director of the Florida Fish and Wildlfe Conservation
Commission. I see a lot of friends in the audience, and
quite a few new faces as well, and on behalf of the Board,
I want to thank you all for the heart and soul that you each
put forth for the sake of the northern bobwhite.

THE PAST

As some of you may know, [ grew up in Georgia and
spent my earliest hunting years following behind some of
the best bird dogs known to mankind...those raised by my
grandfather — or at least I thought so as a seasoned 8-year
old hunter.

That was a time when birds were still relatively
plentiful, and if you were lucky enough to have a
granddad that sold Ford trucks to the farming communi-
ties south of the fall line in Georgia, you had plenty of
farms to hunt on. But as is inevitable, times have changed.

Land use patterns, farming practices, private leases,
and competition for life needs have resulted in a long
protracted slide in quail numbers as well as the people that
pursued them. The 40-year decline of this prince of game
birds was already apparent even before the passing of my
last bird dog and of my grandfather whose footsteps I used
to walk in.

This story is the same for many of the state fish and
wildlife directors throughout this country. Growing up
hunting small game with family and friends - dreaming of
finding a way to make a career of spending time outdoors
every day — going to college to major in Wildlife Biology,
of all things — landing that first job as a wildlife biologist
and working in the field — then getting promoted to your
level of incompetence until you are forced to stay inside,
ride a desk, push paper, and manage personnel and
budgets and to run an agency instead of being outside
with the critters.

State agency directors have long held an interest in
the restoration and recovery of the native fish and wildlife
species of their respective states. White-tailed deer, wild
turkey, elk, waterfowl, black bears, furbearers, eagles, and

E-mail: john.morgan@ky.gov
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many others all have their place among our long history of
successes.

However, few, if any, have held the intrigue, or
generated the frustration levels comparable to that of the
iconic northern bobwhite. This species, which has
tormented and delighted professionals and laypersons
alike, has rightfully taken its place among state agencies
as the Holy Grail — the prince of game birds - a highly
desirable and lofty, yet sometimes, seemingly unattain-
able recovery goal.

Where the recovery and restoration of other species
are shining examples of what we are all capable of, few
demanded sweeping landscape level changes to succeed.
Most were simply the case of having adequate preexisting
habitat conditions and simply moving critters around to fit
our needs.

Northern bobwhite recovery has always presented a
unique challenge — that being, to change the attitudes of
people to affect wholesale landscape level changes to
habitat that are essential to their recovery.

A decade ago, the Northern Bobwhite Conservation
Initiative had, as its genesis, a collective group of
southeastern state directors acting on the good advice and
recommendations of the Southeast Quail Study Group.

The thought of bobwhites once again taking to the
sky behind one’s hunting dog whetted the appetites of
several of those directors, and we asked, then begged and
finally arm-twisted each participating state to carve out
baseline funding to get the Initiative off the ground.

However, the task was daunting. . .the restoration of a
species that has succumbed to decades of habitat loss or
conversion was comparable only to the recovery of our
nation’s migratory waterfowl populations, but without the
federal authority, protection, and funding, through the
Duck Stamp and the North American Wetlands Conser-
vation Act, to help us move the needle toward success.

It was the idea of a range-wide recovery approach,
garnering support at the State, Federal, NGO, and private
sector level, rather than a piecemeal state-by-state
approach, that sparked the interest of those southeastern
directors, generating support, both financially and polit-
ically, and leading to the birth of regional recovery
strategy that soon evolved into the full blown, range-wide
effort of which we are all now a part.

With a foundation steeped in science and sound
policy, and with guiding principles that contain language
like: Heritage, Stewardship, Landscape, Working Lands,
Habitat, Partnerships, Adaptive Management, and Col-
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laboration, the NBCI is well developed to be THE road to
recovery for the northern bobwhite.

THE PRESENT

So I would like to provide one Director’s perspective
of the first 10 years of the NBCI. To do this, we might ask
ourselves, “How have we done over the past 10 years?”
“Are there measures of success from Generation One of
the NBCI plan?” “Has NBCI met directors’ expecta-
tions?” or are we just proving the definition of insanity -
doing the same thing over and over again, while expecting
a different result?

I won’t speak for the other state directors, those types
being the fickle, opinionated and contrary folks that they
can be...but I will say that my interactions with them
indicate that many of us share similar feelings on the
NBCI and its work over the past decade.

We have laid a fantastic framework from which to
stage the recovery of this most challenging species.
Scientists, managers, and policy makers have come
together to develop, nurture, support, and even fund our
first efforts. And we have had successes.

Across the range of the bobwhite, individual success
stories of farmers and landowners are cropping up like
weeds. The public is beginning to re-engage on the quail
issue, and this is critical to driving the plan forward into
Generation Two.

More broadly, we are seeing regions within states
take on the issue with bobwhite focus areas —intensively
managed multi-county areas with local and state level
buy-in. And nationally, we are engaging in negotiations
with Farm Bill lawmakers, NRCS, and FSA at levels that
we formerly only dreamed.

With the revision of the NBCI plan late last year, we
are poised to take the next step. By painting the picture
that northern bobwhites are a keystone species for
grassland ecosystems, the new plan revision has the
potential to generate support from a much larger
conservation community.

Incorporation of the latest GIS and data management
tools into a Conservation Planning Tool give us the ability
to focus on both broad scale recovery efforts as well as
more localized approaches — all from the same data
source.

The Adaptive Resource Management approach in-
corporated into the new revision allows us to use a
structured decision-making process that will indicate
where we are hitting our mark and where we are falling
short.

“The State of the Bobwhite: Grassland Conservation
at a Crossroads”- our review of the status of the species —
was sobering. It would have some asking if the bobwhite
has a place on the Endangered Species List rather than on
a covey rise in front of a good pointing dog, or next to the
potatoes, biscuits, and gravy.

However, as alarming as this report appeared, there is
a positive side. Most great conservation efforts started
with a threat, sometimes of extinction, that led to a call to
arms. When wetlands were being drained at an alarmingly
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reckless rate, we secured the federal duck stamp for their
protection under the National Wildlife Refuge System,
and later secured further protections for private wetlands
in the swampbuster provisions in the Federal farm bill.

When waterfowl reached historic lows in many areas,
we implemented Adaptive Harvest Management Tech-
niques, developed the North American Waterfowl Man-
agement Plan (NAWMP), and its funding source, the
North American Wetlands Conservation Act.

We can draw a number of comparisons between the
North American Waterfowl Management Plan and the
Northern Bobwhite Conservation Initiative. Both are
science-based approaches. Both focus on landscape level
habitat needs. Both are responsive to long-term declines
in population numbers. Both focus on significant, but
obtainable recovery goals. Both go through a periodic
comprehensive review that is the cornerstone of adaptive
management. Both have ties to the Joint Ventures. And
both have extensive involvement and buy-in from state
fish and wildlife leadership.

From its genesis in 2002 through its revision in 2011,
State Directors have never flinched from the concept that
the NBCI is a long-term approach to conservation. We
didn’t get here overnight, and we won’t see recovery
happen that quickly either.

But success takes funding. From the development of
NAWMP in 1986 and its subsequent updates, we have
seen significant recovery of waterfowl populations. We
have also seen a cash infusion of around 6 billion dollars
through the joint ventures — a number that dwarfs the
restoration price tag of any other species of which I am
aware. NBCI’s next major goal, should be to work
towards that level of funding for our Initiative.

THE FUTURE

So what about the future? What’s next? What should
we expect from the state directors and the NBCI
Management Board, specifically? And more broadly,
where is the NBCI headed?

The battlefield for bobwhite recovery is mapped out
by the good science that you do, and you managers out
there are our infantry. But battles are won by moving
troops and resources across that field in a strategic
manner. This is the area where state directors, generally,
and NBCI board members, specifically, should be making
their living.

The scientists and managers have their part to play,
but if the commanders of the battle, the policy makers,
have lost sight or interest in success, then we will all fail.
The job of the NBCI Management Board is to make sure
that our state fish and wildlife directors don’t lose sight of
the NBCI goals and don’t lose their interest in success.
We will make sure this doesn’t happen.

This can be a difficult challenge, as you might
imagine. State agency leaders tend to be very accom-
plishment-oriented. In times of increasing budgetary
constraints, conflicting demands on time and resources,
and difficult, sometimes hostile political pressures,
directors want results, and results, and more results!
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We need results that are not just those of the scientific
variety. Science is a critically important aspect of wildlife
management, and a place where quail coordinators and
biologists play well, but we need results on many different
fronts. Public opinion, changes in behavior, shifts in
public policy, anything that results in increasing aware-
ness and importance will, by its nature, assist in providing
the support and funding necessary to carry out our task.

Remember that science can explain how the internal
combustion engine in your car works, but ultimately
somebody still has to put gas in the tank to make it go.

Success on the ground is the litmus test of the success
of the NBCI, but it takes results at all levels to accomplish
our mission. We have good science and will continue to
develop more.

But the ultimate battle for success, which you can
read as the battle for funding and public support, will be
determined by how successfully we can use that science
in the halls of Congress, in our State Legislatures, and
with our public.

So how do we continue to build upon an already
successful Initiative? As a part of the NBCI, should we all
become advocates for quail recovery? What about the
conflict between science and advocacy?

The short answer is: yes, we should. The longer
version was best put into words by the great conserva-
tionist, President Theodore Roosevelt. In one of his
greatest speeches, he stated:

"It is not the critic who counts; not the man who
points out how the strong man stumbles, or where
the doer of deeds could have done them better.
The credit belongs to the man who is actually in
the arena, whose face is marred by dust and
sweat and blood, who strives valiantly; who errs
and comes up short again and again; because
there is not effort without error and shortcom-
ings; but who does actually strive to do the deed;
who knows the great enthusiasm, the great
devotion, who spends himself in a worthy cause,
who at the best knows in the end the triumph of
high achievement and who at worst, if he fails, at
least he fails while daring greatly. So that his
place shall never be with those cold and timid
souls who know neither victory nor defeat."

Scientists are cautioned from their first research
experience about straying into the nefarious world of
advocacy. Their job, they are told, is to simply develop
hypotheses, collect data, make analyses, draw conclusions
based on the previous 3 steps, and repeat.

Taking a position for or against something because
it’s the right thing to do is simply not the sandbox that
scientists are supposed to play in, or so they are taught.

Published by Trace: Tennessee Research and Creative Exchange, 2012

Folks, we don’t have time for that kind of nonsense.
As leaders, we expect you do good science, and produce
valid, reproducible results. As managers, we expect you to
apply to the ground what science indicates are the best
practices.

But if you stop at that, and sit around waiting for the
advocates to ride in with bags of money and convince the
unwashed masses that restoring bobwhites is the right
thing to do for conservation, then we have already lost the
war.

As an example, I would like to spend a second talking
about a recent wildlife threat that I have been intimately
involved with that I think will demonstrate my point.

White-nosed syndrome is a fatal disease that is
ravaging the populations of our cave dwelling bats. It
appears to have a fatality rate approaching 100%, but the
science isn’t there yet. It appears to be spread by human
and bat movement between caves, but the science isn’t
there yet. The one thing is does do is kill bats - millions of
bats. And some, I suspect, have sat on their hands, content
to simply document the decline of the bats, and fail to
manage, for fear that active management may cause more
harm. And others, I suspect, have sat on their research —
not releasing it until it is published for fear of getting
scooped — while the managers sit waiting for the scientists
to tell them the right thing to do.

Meanwhile, the bats will be decimated, and many
species will likely go extinct, because we lack the
intestinal fortitude to do something. ..to dare greatly.

So there are those that watch things happen and those
that make things happen. Restoration success stories are
written by those that make things happen. Critics have the
luxury of sitting on the sidelines, watching things happen,
and pointing out our missteps and mistakes, but those
types seldom make history.

There is a time and place for science, for manage-
ment, for advocacy, and for action. We know a lot about
bobwhites, but there will always be more we want to
know. We also know that their recovery is a one of the
greatest challenges we will face, but it will also be one of
our greatest successes, and we don’t need science to tell
us that.

It is time now for our state and federal agencies, our
NGOs, private partners, and our scientists and managers,
under the umbrella of NBCI, to do for northern bobwhites
what we have done for the ducks. To fight for what we
know is the right thing to do. We have to get into that
arena, get sweaty and dusty and bloody, and we have to
win. We all have to get in the arena and dare to do great
things!

Thank you for having me here today and thanks for
all that you do for the NBCI and for bobwhite
conservation!
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ABSTRACT

Exotic grass invasions are a serious concern for State and Federal agencies, non-government organizations, and private landowners
engaged in quail conservation and management. Quail biologists recognized the potential negative impacts of exotic grass invasion on
North American quail populations 2 decades ago. This issue was addressed in a review paper published in the Proceedings of the 5™
National Quail Symposium in 2002. That paper reported the state of our knowledge on impacts of exotic grass invasions on 5 quail
species inhabiting southwestern rangelands. Our objective is to update the progress of exotic grass-quail research on southwestern
rangelands during the past decade by reviewing studies that provide specific results about the impacts of exotic grass invasions on
southwestern quail populations. Results of studies that have quantified the impacts of exotic grass on quail habitat use are summarized
and discussed along with studies that describe how exotic grasses impact important components of quail habitat such as diversity and
abundance native herbaceous plants and arthropods. Management of exotic grasses is also discussed.
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INTRODUCTION Federal, State, and private land natural resource manag-

The status of quail populations on rangelands of the ers, upland bird hunters, and bird watchers. Populations of

southwestern United States continues to be of concern to the 6 native quail species in North America have not

increased despite recognition that western quail species
'E-mail: william.kuvlesky @ tamuk.edu needed prompt attention from quail biologists during the
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Fig. 1. National Audubon Society Christmas Bird Count population trends in number of birds per hour for northern bobwhites from
Texas, and Gambel’s and California quail from the United States between 2000 and 2010.

Quail III (Robel 1993) and Quail V (Brennan 2002)
symposia. The National Audubon Society’s Christmas
Bird Count (CBC) data from 2000 to 2010 (National
Audubon Society 2010) indicate Gambel’s (Callipepla
gambellii), scaled (C. squamata), and Montezuma
(Cytronyx montezumae) quail populations remained stable
over the past decade (Figs. 1, 2). Montezuma quail
numbers remain extremely low and Gambel’s and scaled
quail populations have trended downward over the past 3
years (2007—2010). The status of northern bobwhites
(Colinus virginianus) (data restricted to Texas), mountain
quail (Oreortyx pictus), and California quail (C. californ-
ica) are even more worrisome because CBC data indicate

that populations continued to decline over the past
decade.

There are myriad reasons for declines of native quail
species in the southwestern U.S; however, habitat loss
continues to be one of the primary concerns among quail
biologists (Brennan 2002, Zornes 2009). Factors com-
monly observed that involve loss of quail habitat that are
immediate and noticeable include urban and suburban
development, livestock overuse of rangelands, and an
increase in modern farming activities. The invasion of
southwestern quail habitats by exotic plant species
represents a more subtle and less immediate form of
habitat loss that has been occurring for decades. This was

Fig. 2. National Audubon Society Christmas Bird Count population trends in number of birds per hour for scaled, mountain, and

Montezuma quail from the United States between 2000 and 2010.
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first detailed as a threat to quail populations by Engel-
Wilson and Kuvlesky (2002) and Kuvlesky et al (2002).
The potentially negative consequences that exotic grasses
have on Gambel’s, scaled, and Montezuma quail, and
northern and masked bobwhites (C. v. ridgwayi) were
reviewed by Kuvlesky et al. (2002) who noted the need
for research on the quail/invasive exotic grass issue was
desperately needed to better manage the potential threat to
quail populations.

Our objective is to review research addressing the
invasive exotic grass-quail issue that has been accom-
plished during the decade since Quail V. Most of the
research that has been accomplished during the past 10
years has been on northern bobwhites, and that section is
limited to bobwhites. We believe understanding how
invasive exotic plants impact quail is important and this
paper provides updated reviews of (1): how exotic grass
invasions impact rangeland vegetation communities used
by quail; (2): how exotic grass invasions impact arthropod
communities, which are important quail food; (3) how
exotic grass communities impact quail and (4): potential
strategies to manage invasive exotic grasses to benefit
rangeland quail populations.

EFFECTS OF INVASIVE PLANTS ON
NATIVE RANGELAND COMMUNITIES

Invasive exotic plants are an unfortunate reality in the
United States. Most introductions were made with the
intention of improving food and fiber production or to
improve aesthetics (ornamental plants). Most of the
estimated 5,000 species of exotic plants that have become
established in native ecosystems have significantly altered
these ecosystems by displacing native plant species
(Pimental et al. 2005). Displacement of native plant
species by introduced plants often has a cascading
negative impact on the invertebrate and vertebrate
organisms that also co-inhabit the invaded ecosystems.
Many exotic grasses from southern Africa, Mediterranean
regions, and Eurasia were first introduced to the
overgrazed rangelands of the southwest U.S. to stabilize
soil surfaces and provide forage for cattle with the hope
these introductions would improve the economics of
livestock production. Certain introduced grasses have
economically benefited livestock producers in specific
locations, such as buffelgrass (Pennisetum ciliare) in
southern Texas. Others have become costly weeds that are
difficult for livestock producers to control (e.g., invasion
of Old World bluestems in coastal bermudagrass [Cyn-
odon dactylon] pastures).

The impact of these exotic grasses on ecosystem
processes and dynamics at the time of introduction was
not part of the discussion. For example, Pimental et al.
(2005) estimated the cost associated with exotic plant
invasions (e.g., loss of livestock forage, costs of
herbicides) on pastures in the United States is 6 billion
dollars; they also indicated that numerous threatened and
endangered species that occur on pasturelands are at risk
due to competition from invading exotic plants.
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The impacts of exotic plant invasions continue to be a
major concern for natural resource managers. This is
because exotic plant invasion on millions of hectares of
southwestern rangelands continues unabated today and
may be getting worse. Gori and Enquist (2003), for
example, estimated non-native grasslands comprise
22.6% of current U.S. grasslands in southeastern Arizona
alone: Boer lovegrass (Eragrostis chloromelas) and
Lehmann lovegrass (E. lehmanniana) are common and/
or are the dominant grass species on > 556,560 ha.
Additionally, cheatgrass (Bromus tectorum) has invaded 5
million ha in Utah and Idaho since it was introduced to
North America, and has diminished the flora and fauna of
the ecological communities it has invaded (Pimental et al.
2005).

Ingress of exotic plants into native plant communities
is a continuing process, resulting in dominance of
increasingly large tracts of land by more exotic plants.
Bowers et al. (2006) examined trends of abundance of
exotic plants on a Sonoran Desert site and found that
between 1982 and 2005 the number of exotic species
increased from 34 in 1982 to 44 in 2005. The percentage
of casual, naturalized, and invasive categories of exotic
plant species increased by 44, 40, and 15%, respectively.
These findings led the authors to conclude the longer a
species persists, the more likely it is to overcome barriers
to naturalization and invasion; ultimately the proportion
of exotic plant species on their Sonoran Desert study area
will continue to increase over time. Unfortunately, little
has been accomplished since 2002 to reduce exotic grass
invasions and the detrimental impacts invasive exotic
grasses have on native plant communities. These
intentional and unintentional introductions of exotic
grasses to southwestern rangelands continue to damage
native plant communities.

Buffelgrass

Buffelgrass is one of the most damaging of exotic
grasses to southwestern native plant communities. Buf-
felgrass is a native of South Africa that was introduced to
Texas in the early part of the 20™ century in an effort to
improve forage production for cattle on native rangelands.
It had become naturalized by the end of the 1950s over
most of South Texas (Hanselka 1988). It has adapted so
well to the rangelands of Texas that over 20 years ago
Hanselka (1988) described buffelgrass as ‘South Texas
Wonder Grass.” It was the most important grass in South
Texas from a cattleman’s perspective because it was an
adaptable and drought tolerant plant, and increased
livestock carrying capacity almost threefold (Hanselka
1985). However, buffelgrass can pose significant prob-
lems for native plant communities once it is established
and becomes the dominant plant species. For example,
Flanders et al. (2006) found that native forb and grass
diversity, and abundance in South Texas was significantly
lower on sites dominated by buffelgrass, along with
Lehmann lovegrass, than on sites dominated by native
plants. Sands et al. (2009) studied the impacts of
buffelgrass invasions on native herbaceous plant commu-
nities in the western Rio Grande Plains of Texas for 2

42



Dailey and Braun: Full Issue

28 KUVLESKY ET AL.

years and found that in plots with > 25% buffelgrass the
native forb canopy was reduced by > 70%, native forb
species richness was reduced by > 60%, and forb stem
density was reduced by > 70% compared to plots with <
5% buffelgrass. Olsson et al. (2011) reported that portions
of the Sonoran Desert invaded by buffelgrass were
characterized by lower native perennial plant cover and
species richness, and that cover and richness declined as
time increased post-invasion indicating an ongoing
transformation from a rich perennial shrub community
to exotic plant community was occurring. Rogstad et al.
(2009) indicated the biological diversity of the Sonoran
Desert was threatened, in part, by the invasion of exotic
grasses and indicated buffelgrass is particularly harmful
because it readily suppresses annual and perennial plants,
and forms dense stands in a desert that initially supported
low densities of perennial grasses. Buffelgrass is a
tenacious invader and supremely well adapted to
rangelands from coastal southern Texas to the Sonoran
Desert in southern California; it represents a significant
threat to the biodiversity of millions of hectares of the
southwestern U.S.

Additional Exotic Grasses

Invasions by other exotic grass species also nega-
tively impact native vegetation communities. For exam-
ple, Rogstad et al. (2009) indicated that red brome
(Bromus madritensis) invasion posed a significant threat
to the biodiversity of the Sonoran Desert because it
gradually excluded native annual and perennial plants.
Gabbard and Fowler (2007) examined the ecological
amplitude of King Ranch bluestem (Bothriochloa ischae-
mum) on the Edwards Plateau of Texas and found this
African exotic grass displayed little habitat preference
because it was found in virtually every habitat type
sampled. Moreover, in the plots where King Ranch
bluestem was dominant, native plant species richness and
diversity were lower than in plots with no King Ranch
bluestem. Similarly, in another study conducted on the
blackland prairies of central Texas, Wilsey et al. (2009)
reported that herbaceous plant species diversity in exotic
plant communities that included King Ranch bluestem
and Johnsongrass (Sorghum halepense), decreased line-
arly with an increase in biomass produced by the exotic
vegetation communities. Sands et al. (2009) found that
Lehmann lovegrass contributed to the negative relation-
ship between exotic grass cover, and total grass cover and
the richness, coverage, and density of forbs on their South
Texas study area. Thus, while buffelgrass is major exotic
invader on rangelands throughout the southwestern U.S.,
numerous additional exotic grasses, including red brome,
King Ranch bluestem, Johnsongrass, and Lehmann love-
grass pose additional threats to rangeland biodiversity
over extensive areas.

Kuvlesky et al. (2002) suggested invasive exotic
grasses negatively impact the rangeland communities they
invade because they eventually become the dominant
herbaceous species by replacing native plant species.
Research conducted since 2002 confirms Kuvlesky et al.
(2002) who suggested exotic grass invasions of rangeland
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quail habitat simplify native plant communities and
reduce their value for quail. A reduction in important
food plants via a decrease in forb species diversity
reduces the value of any habitat for quail.

EFFECTS OF INVASIVE PLANTS ON
ARTHROPOD COMMUNITIES

The impact of exotic grass invasions on arthropod
communities vary. Rangelands in southeastern Arizona
invaded by Lehmann lovegrass had an abundance of
arthropods including Hymenoptera (ants, bees, wasps)
and Hemiptera (true bugs) indicating these arthropods
may not have been negatively impacted by exotic grass
invasion (Litt and Steidl 2010). McIntyre and Thompson
(2003) noted that in the southern High Plains of Texas,
arthropod richness and abundance did not differ between
Conservation Reserve Program (CRP) fields planted to
weeping lovegrass (E. curvula) and Old World Bluestem
(OWB) (Bothriochloa ischaemum) versus fields planted to
a mix of native grass species.

Recent arthropod-exotic grass research indicates
exotic grass invasions are detrimental to rangeland
arthropod communities. Tallamy (2004) suspected that
exotic plants negatively affect native phytophagous
arthropods because native arthropods share no evolution-
ary history with exotic plants and, consequently, are
unable to use exotic plants as a source of food. Most of the
work published recently seems to support what Tallamy
suspected. For instance, Mclntyre and Thompson (2003)
compared the abundance and diversity of arthropods
between fields of weeping lovegrass, OWB, mixed native
grasses with buffalograss (Buchloe dactyloides), mixed
native grass without buffalograss, and native shortgrass
prairie in the Texas Panhandle. Native prairie supported
higher arthropod diversity and abundance than CRP fields,
which was a reflection of differences in the structure and
diversity of the vegetation between native prairie and
CRP fields. Hickman et al. (2006) reported significantly
less arthropod biomass in OWB fields compared to
pastures with native herbaceous vegetation and attributed
this to the general absence of forbs in OWB fields.
Flanders et al. (2006) reported arthropod abundance on
their South Texas study area was 60% greater on native
grass sites than on sites dominated by buffelgrass and
Lehmann lovegrass. Spiders, beetles, and ants were 42—
83% more abundant on native grass sites and this was
attributed to the greater niche diversity and abundance the
native herbaceous vegetation provided arthropods.

Simao et al. (2009) also reported reductions in plant
species richness on plots planted with Japanese stiltgrass
(Microstegium vimineum) as well as a 39% reduction in
arthropod abundance and 19% reduction in species
richness compared to control plots. Litt and Steidl
(2010) quantified the effects of invasion of rangelands
in southeastern Arizona by Lehmann lovegrass on
arthropod assemblages and reported that richness of
arthropod families, richness of morphospecies, and
overall abundance of arthropods decreased as Lehmann
lovegrass dominance of rangelands increased. Some
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arthropod families responded favorably to Lehmann
lovegrass invasions, but most families responded nega-
tively. This was attributed to a variety of factors that
potentially made exotic grass-dominated areas inhospita-
ble to arthropods including a reduction in vegetation
patchiness and structural heterogeneity, altered microcli-
mates, and reduced palatability of Lehmann lovegrass.
Cord (2011) found areas dominated by native grasses on
her South Texas study area had 32—55% more arthropods
per sampling plot than areas dominated by the invasive
grasses Kleberg bluestem (Dicanthium annulatum), which
is an exotic plant, and tanglehead (Heteropogon con-
tortus), which is a native plant with invasive character-
istics. Cord (2011) also reported differences in specific
arthropod Orders because native grass-dominated areas
supported significantly more plant-feeding arthropods,
spiders (Araneae), grasshoppers/crickets, and beetles than
areas dominated by invasive grasses. She attributed the
greater abundance of arthropods in native grasses to better
arthropod habitat conditions because native grass com-
munities had greater forb cover and higher plant species
diversity than exotic-grass dominated areas.

Thus, some arthropod Orders do not appear to be
impacted by exotic grass invasions of rangelands, but the
simplification of the vegetation community via reduction
in native forb and grass diversity clearly seems to reduce
the number of habitat niches required by a variety of
arthropods. This results in a simplified arthropod
community inhabiting rangelands dominated by invasive
exotic grasses. Arthropods are important part of quail
diets and a reduction in arthropod diversity and abundance
would likely be detrimental to quail populations inhab-
iting rangelands where exotic grass invasions have
negatively impacted arthropod communities.

INVASIVE GRASSES AND QUAIL

Quail populations require food, cover, and useable
space in sufficient quantities throughout the year to be
self-sustaining. Kuvlesky et al. (2002) suggested exotic
grass invasions of quail habitat should be a major
conservation concern because these invasions have the
potential to severely limit the essential food and cover
resources quail require to survive. They also indicated
that, in the absence of extensive exotic grass-quail
research, they could not discount the possibility that
exotic invasive grasses may benefit quail populations
under certain conditions. The authors (2002) provided
nothing more than educated guesses and speculation,
which prompted them to challenge quail biologists to
conduct research designed to specifically focus on the
impacts of exotic grass invasions on quail populations,
particularly on rangelands

The responses of quail to exotic grass invasions are
not necessarily negative. Some recent quail-exotic grass
studies have revealed that, depending on conditions, quail
response to exotic grass invasions can be positive or
neutral. For example, a case study on masked bobwhite
recovery in southern Arizona and northern Sonora,
Mexico concluded the presence of low to moderate
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infestations of buffelgrass and Lehmann lovegrass on
rangelands occupied by masked bobwhites provided
suitable habitat (Hernandez et al. 2006). Buffelgrass,
under drought conditions, can be almost the only
herbaceous cover available to masked bobwhites in
Sonora (Kuvlesky et al. 2002). Sands (2007) reported
that bobwhites on his western Rio Grande Plains study
area in South Texas used buffelgrass as a nesting
substrate, and Tjemeland (2007) also reported that
bobwhites on his South Texas study area readily used
buffelgrass-dominated fields for nesting and roosting.
Doxon and Carroll (2007) examined arthropod and
vegetation characteristics of several CRP fields in western
Kansas relative to gamebird habitat suitability and found
most fields, including those with an alfalfa component,
and non-herbicide treated wheat fields had adequate
arthropod-prey availability. These fields were deemed
suitable habitat for ring-necked pheasant (Phasianus
colchicus) and bobwhite chicks. Buelow (2009) evaluated
the impacts of tanglehead on bobwhite habitat use in
South Texas and reported bobwhites exhibited a neutral
response to this native invasive plant as they nested in
tanglehead stands, but did not select or avoid them. Moore
(2010) found that guineagrass (Urochloa maxima)
invasion did not reduce usable space for bobwhites on
her South Texas study area. Bobwhites, at the macro-
habitat scale, seemed to prefer guineagrass for loafing
cover.

Recent research has documented positive responses
of bobwhites to exotic grass invasions, but bobwhites may
also respond negatively to exotic grass invasions depend-
ing on the circumstances. For example, Flanders et al.
(2006) reported bobwhite abundance on native grass-
dominated sites of their South Texas study area was twice
as high compared to buffelgrass and/or Lehmann love-
grass-dominated sites. They attributed the greater abun-
dance of bobwhites to the higher diversity and abundance
of native herbaceous food-bearing species, and the more
abundant and diverse arthropod prey present on the
native-dominated sites. Sands (2007) found that bob-
whites use stands of buffelgrass for nesting cover, but
avoided buffelgrass after nesting. Avoidance of buffel-
grass after nesting probably resulted because of the lower
abundance of arthropods that occur in buffelgrass stands
and because it impedes chick mobility making it poor
brooding habitat. Sands (2007) added that he believed
areas with extensive exotic grass cover reduced foraging
habitat space for bobwhites. Buelow (2009) documented
that bobwhites nested in tanglehead stands on his South
Texas study area, but believed the invasions of this native
grass ultimately provided poor brooding and foraging
cover due to lack of food-producing forbs, increased litter
depths, and lower amounts of bare ground.

MANAGEMENT OF EXOTIC GRASSES
FOR QUAIL: IS IT POSSIBLE?

Ten years ago, scientists assumed exotic grass
invasions of western rangelands posed a significant threat
to quail populations (Kuvlesky et al. 2002). Subsequently,
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research has indicated that exotic grass invasions can
represent a loss of quail habitat in the southwestern U.S.
An important question is: can these invaded landscapes be
managed to improve quail habitat; or can the rate of exotic
grass invasion be sufficiently slowed to maintain existing
quail habitat? The answer is probably yes. However, it is
important to realize that complete eradication of invasive
grasses is not possible for most exotic species of grass that
are invading rangelands in the southwestern U.S. Either
we do not know how to effectively manage invasions or
we are in the early stages of research that is revealing how
specific species might be managed. Success can probably
be achieved in certain situations and for specific quail
species. This will likely vary depending on the species of
exotic grass targeted for management, the ecosystem
being invaded, the extent of invasion, and past and current
land management histories. We discuss several promising
management techniques that have been developed to
manage exotic grass invasions and strategies that will
likely improve management of exotic grass invasions.

Management of Exotic Grasses

Managing exotic grass invasions in an effort to
restore quail habitat on southwestern rangelands is
possible but depends on the extent to which an ecosystem
has been invaded, the extent of invasion on the area
targeted for management and, most importantly, the
exotic grass species targeted for management. Ecosystems
in the early stages of invasion are generally easier to
manage because exotic grasses can be removed when they
first begin colonizing a site, allowing more options and
techniques to be used. However, land managers must
exercise continued vigilance to remove exotic grasses in
the early stages of invasion. Invasive plants that have
already become established in concert with native
herbaceous species cannot realistically be managed by
targeting individual plants. They must be managed by
reducing exotic grass populations. Planning horizons must
be implemented that schedule treatments over successive
years to continuously combat recurring invasions. Man-
aging exotic grass invasions where an exotic grass is the
dominant species on a landscape scale that covers
millions of hectares is often impractical and unrealistic
because of the complex logistics and expense that would
be required to achieve uncertain success. Application of
specific herbicides and prescribed fire, along with
manipulating soil chemistry and establishing potential
competitors, have been demonstrated to effectively
manage exotic grass invasions at least over the short term.

Herbicides—Several studies have recently indicated
herbicides can be used to reduce populations of specific
exotic grass species if applied at appropriate rates and
appropriate time of year when exotic plants are vulner-
able. For example, Simmons et al. (2007) reported they
reduced King Ranch bluestem abundance in the Texas
Hill Country using glyphosate applied at 0.89 kg/ha
during June and September. Tjemeland et al. (2008) found
that tebuthiuron applied at 2.24 kg/ha during early fall
after successive rainfall events induced new vegetative
growth on their South Texas study area significantly
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reduced buffelgrass canopy cover, and increased native
grass cover 2 years post-treatment. Steers and Allen
(2010) applied the post-emergent, grass-specific herbicide
Fusilade II at a rate of 15 ml/64 m? during 2 successive
January treatments to desert shrubland in California
following a fire and almost eliminated invasive grasses
(Bromus spp. and Schismus spp.) while achieving native
annual plant dominance and increased density of native
perennial plants. Elseroad and Rudd (2011) reported
aerially applying imazapic at a rate of 70 g ai/ha in
October on northcentral Oregon grasslands significantly
reduced cheatgrass frequencies for 3—4 years post-
treatment, although they had limited success increasing
native perennial species on treated areas.

The use of herbicides to manage other exotic grass
species is often unsuccessful despite these reports of
success because herbicides can have a negative impact on
members of the native plant community. Rinella et al.
(2009) reported aerial application of picloram at a rate of
1.1 kg/ha to a grassland in Montana resulted in increased
abundance of targeted exotic herbaceous species because
of the decrease in native herbaceous plant abundance that
occurred. Mittelhauser et al. (2011) pretreated a blackland
prairie site in Texas with glyphosate at a rate of 1.84 kg/
ha and then aerially applied imazapic at 3 different rates
(0.07, 0.092, 0.138 kg/ha) to reduce abundance of exotic
bluestems and failed to have any significant impact on
these invasive plants. Overall, it appears certain exotic
grass species can be managed with particular herbicides
under certain situations, particularly when their pheno-
logical status makes them vulnerable. However, it is also
evident this will not work for all exotic grass species and
or with other herbicides. Reducing the abundance of an
exotic grass species should be the primary goal, but
herbicides should not be used if they threaten the native
plant community. Selectively reducing exotic grasses is
desirable, but the issue is complicated as invading plants
may share physiological and phenological characteristics
with native species occupying the native ecosystem being
invaded. Treatments may often pose a threat to the native
plants that are targets of restoration (Simmons et al.
2007).

Prescribed Fire—Fire, although it generally facili-
tates invasion, may be used to manage exotic grass
invasions under certain conditions. Vermeire and Rinella
(2009) discussed the use of fire to kill the seeds of
Japanese brome (Bromus japonicus) and its potential for
managing invasions of annual invasive grasses. Abella et
al. (2009) reported that red brome live and dead cover
averaged 9 to 10 times lower on burned areas than
unburned areas 2 years following an intense wildfire in a
desert shrubland on the outskirts of Las Vegas, Nevada.
Red brome seed densities on the soil surface were 4 times
lower on burned areas compared to unburned areas.
Brooks (2002) reported that increased fire temperatures
recorded under creosote (Larrea tridentata) plants in the
Mojave Desert resulted in 4 years of reduced annual plant
biomass and species diversity.

Perennial exotic grasses may also be vulnerable to
fire under certain conditions. For example, Daehler and
Goergen (2005) were able to restore a native Hawaiian
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grass to plots formerly occupied by buffelgrass by
subjecting the plots to prescribed fire and low water
supplementation for 4 years, suggesting buffelgrass plants
can be suppressed via seed mortality as a result of burning
under dry conditions. Ramierz-Yanez (2005) found that
guineagrass populations were reduced when plants were
subjected to intense prescribed fire followed by intensive
cattle grazing. Native herbaceous species richness in-
creased on burned areas 1 year post-fire. It appears there
are opportunities to use prescribed fire to manage certain
species of exotics if burning disrupts life cycles or
otherwise occurs when species are vulnerable to fire.
However, Brooks and Chambers (2011) indicated effec-
tive management of native perennial shrublands requires
an understanding of their ecological resistance to invasion
from exotic grass species and their resilience to fire.
Further research to gain a thorough understanding of the
ecological interaction among specific exotic grass species,
fire, and native plant communities is needed.

Native Seeding—Managing exotic grasses in a
manner that effectively reduces their populations is the
first objective of restoring a native plant community.
What should be done when dispersing exotic seeds
threaten managed areas or when an exotic grass has
thoroughly dominated an area for so long that native
plants have long been suppressed? Salo (2004) suggested
opportunities for red brome management exist immedi-
ately following drought because red brome does not
establish a seed bank; thus, persistence in the Sonoran and
Mojave deserts depends on uniform seed germination
during cool moist winters. Populations are decimated
when drought occurs, due to a lack of seed production.
Native herbaceous plants use these winter drought
opportunities to re-establish during subsequent wet
periods in spring and summer on areas formerly
dominated by red brome (Salo 2004). These established
natives provide competitors that compete with red brome
seedlings that later attempt to colonize these areas. Corbin
and D’Antonio (2004) conducted an experiment on the
coastal prairie of California providing evidence that
established native perennials limit exotic annual grass
invasions by limiting the availability of space and light.

Seeding native herbaceous plant species after winter
drought may help suppress future red brome invasion in
invaded areas and other areas invaded by exotic grasses
where native seed banks are depleted. McLaughlin and
Bowers (2007) studied the effects of exotic grasses on soil
seed banks on a grassland study site of southeastern
Arizona following a wildfire. They found the soil seed
bank on their burned plots contained only exotic grass
seed, prompting them to conclude that even when exotic
grass management is successful, restoration of native
grassland will require reseeding of native herbaceous
plants. Abella et al. (2007) were able to restore native
herbaceous vegetation on a burned site by carefully
selecting a native seed mixture from plants that had a
history of being productive on their Sonoran Desert study
site. Similarly, Mittelhauser et al. (2011) improved
densities of 4 warm season native grass species they
established via post-treatment herbicide seeding on
blackland prairie invaded by exotic bluestem.
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Policy.—Effective management of exotic grass
invasions can probably be accomplished most effectively
by initiating a policy whereby experts from multiple
disciplines relevant to invasive plants science and
management have an opportunity to collaborate in an
effort to develop coordinated management strategies.
Rogstad et al. (2009) recommended the formation of an
interagency invasive species team that would provide
leadership including coordinating information, identify
and pursue funding opportunities, developing treatment
options, and rehabilitation prior to, durin