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Cover: Night-time fire moving through an oak woodland at The Nature Conservancy's
Summarton Bog Preserve. Photo by R. Henderson.

ABSTRACT

This bibliography provides 841 literature citations pertinent to the effects of
fire and its prescribed use on the ecosystems and species of Wisconsin and the
upper Midwest. Three separate subject indexes are provided: one for general
topics, one for species (165 headings), and one for geographic location by state
or province (51 headings). The general index is divided into 8 broad subject
categories, under which there are 28 topic and 58 subtopic headings. The
largest subject category, and the main focus of this publication, is Effects of Fire
(on soil, water, air, biota, etc.) with 11 topic headings, 41 subtopic headings, and
706 citations. The other categories are Behavior of Fire (2 topics, 5 subtopics,
78 total citations), History of Fire (4 topics, 129 total citations), Effects of Fire
Regimes (6 topics, 12 subtopics, 87 total citations), Drought and Fire Interactions
(5 citations), Fire Policy (12 citations), Conducting Prescribed Burns (2 topics,
11 total citations), and Other Fire Related Management (2 topics, 54 total cita-
tions). Also included is a brief and very general overview of the role of fire in
Wisconsin and its effects on the ecosystems and species of the state.

Key Words: Wisconsin, Midwest, fire effects, fire behavior, fire history, water,
air, soil, plants, animals, communities, litter, nutrient cycles, micro-climate,
habitat, grasslands, prairies, barrens, savannas, forests, wetlands, prescribed
burns.



BIBLIOGRAPHY OF FIRE EFFECTS AND RELATED LITERATURE
Applicable to the Ecosystems and Species of Wisconsin

By Richard A. Henderson
and Sandra H. Statz

Technical Bulletin No. 187
Department of Natural Resources
P.O. Box 7921

Madison, Wisconsin 53707

1995

CONTENTS

3 INTRODUCTION

4 HOW TO USE THIS BIBLIOGRAPHY

4 METHODS OF COMPILATION

4 OVERVIEW OF FIRE EFFECTS IN WISCONSIN

7 GENERAL SUBJECT INDEX
Drought/Fire Interactions, 7
Fire Behavior, 7
Fire Effects, 7
Air Quality, 7
Animals, 7
Communities (grasslands, forests, etc.), 8
Evolution, 9
Habitat (animal food and shelter), 9
Litter (dead plant material), 9
Micro-climate, 10
Nutrient Cycling, 10
Plants, 10
Soil, 11
Water Quality, 11
Fire History, 11
Fire Policy, 11
Fire Regimes (effects of), 11
Other Management Related to Fire, 12

o X
FaN

NA& T

= .
Tw/

VR FH

Prescribed Burning, 12 STATE - HISTO! %’CAL R
13 SPECIES INDEX ’ - LBy

Plants, 13 / {

Invertebrates, 16 E G ‘

Reptiles and Amphibians, 16 E
Birds, 16
Small Mammals, 17
Large Mammals, 17

18 GEOGRAPHIC INDEX

19 LITERATURE CITATIONS




A prescribed burn to control eastern
red cedar invading dry bluff prairie at
The Nature Conservancy's Spring
Green Preserve (April 1980).

Prescribed fire to clear logging slash
in preparation for tree planting.
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Starting a prescribed fire in a sedge
meadow community at South Waubesa
Wetlands State Natural Area (April
1990).
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INTRODUCTION

Fire has long played a major role in modifying and
maintaining plant communities in North America
(Kozlowski and Ahlgren 1974}, Swain 1973 and
1978, Pyne 1983, Gajewski et al. 1985, Backman
1988, Anderson 1990), including much of what is
now the State of Wisconsin. In fact, for the past 5
to 6 thousand years (or at least up until European
settlers disrupted prevailing fire regimes), half of
the state has been covered by fire-dependent com-
munities such as prairies, southern sedge mead-
ows, oak and pine savannas, and oak and pine
woodlands (Curtis 1959, Swain 1978, Winkler 1985
and 1986).

Prior to European settlement, fire in North
America was caused by both lightning and Native
Americans. Fire was probably a major influence
on the landscape long before human arrival. Fossil
records suggest that fire began to play an important
role in central and eastern North America around
25 to 30 million years ago. At that time, the cli-
mate apparently became drier, and plant species
that depend upon (or at least tolerate) a combina-
tion of grazing, drought, and fire, such as oak and
grass species, experienced prolific species radiation
as savannas and grasslands began to dominate large
regions (Barry and Spicer 19872).

Indigenous peoples most likely increased fire’s
influence on the landscape, at least in the Northeast,
where lightning-induced fire was less common than
in the West or in the Southeast (Komarek 1964, 1967,
1968, and 1974, Barden and Woods 1974, Higgins
1984, U. S. Forest Service 1987). Although direct
proof of intentional burning of the landscape by
early peoples is unattainable by nature, archaeo-
logical evidence and ecological evidence suggest
that Native Americans actively managed the land
with fire for hundreds, if not thousands, of years
(Grimm 1984, Patterson and Sassaman 1988, Dorney
and Dorney 1989, Denevan 1992). Native Americans
likely used fire to enhance production of game, roots,
nuts, and berries, and to make their own movement
across land easier (Lewis 1980, Pyne 1983). Today
fire, in the form of prescribed burns, is used fre-
quently as a management tool. This is not only
because of its historical role in maintaining and
influencing native ecosystems, but also its low cost
relative to other habitat management tools.

In Wisconsin, an estimated 12 to 22 thousand
acres are purposefully burned under prescription
annually. These burns are conducted by a wide
variety of agencies and groups, including the Wis-
consin Department of Natural Resources (70%);

private conservation groups and individuals (15%);
federal agencies—U.S. Fish and Wildlife Service,
U.S. Forest Service, and National Park Service—
(10%); county and municipal parks (3%); and the
University of Wisconsin System (2%) (Henderson,
unpublished data). The amount of prescribed
burning done today is small compared with the
hundreds of thousands, if not millions, of acres
that probably burned on average each year in the
state prior to European contact.

The primary purposes of today’s prescribed
burns are to (1) maintain (or create) wildlife habi-
tat for game and non-game animals, such as grass-
land songbirds, prairie grouse, ducks, ring-necked
pheasant, wild turkey, ornate box turtle, glass lizard,
etc., and (2) maintain (or restore) native plant com-
munities such as prairies, sedge meadows, oak and
pine savannas (barrens), and oak woodlands. To a
far lesser degree, burns are also conducted to pre-
pare planting sites and to reduce fire hazard.

Fire is a flexible management tool that permits
the outcome of a burn regime to be manipulated to
fit the ecosystem, species, and management goals
at hand. Burn regimes have 3 main variables that
determine effects on resources: seasonal timing,
frequency, and intensity of the fire(s). These vari-
ables are within the control of managers. Therefore,
it is very important that managers have knowl-
edge and information about how these variables
relate to fire effects. This knowledge enables them
to prescribe effective burn regimes to achieve the
desired results without incurring negative side
effects (such as unintentional loss of species or
escaped fire). Unfortunately, our knowledge of fire
effects as they relate to the variables of seasonal
timing, burn frequency, and fire intensity is far
from complete, and the information that is avail-
able is often buried in the literature, inaccessible to
the average land manager.

We hope this publication will provide a step
toward bridging this gap between information and
managers. Our intent is to make it easier for land
managers to access information on specific fire
effects that are applicable to the species and
ecosystems of Wisconsin.

We are publishing this bibliography and its
indexes now to avoid further delay in making the
information accessible. However, we hope to
eventually produce a more refined and complete
bibliographic index that will be electronically
accessible and searchable by managers and research-
ers statewide.

1 Literature references in the Introduction are found in the list of literature citations, unless otherwise noted.
2 Barry, A. T. and R. A. Spicer 1987. The evolution and paleobiology of land plants. Croom Helm, London. 309 pp.



How to Use This Bibliography

This bibliography has 841 references and is orga-
nized into 3 companion indices: one of general top-
ics, one of species, and one of geographic location
by state or province of fire effects information or
research. The articles and publications in the biblio-
graphy are arranged in alphabetical order by author
and are numbered sequentially. These numbers are
used in the indexes to match references with subject
categories. (Note: Cross-reference indexing is not
complete. Often only the primary subjects of a ref-
erence are adequately indexed. For example, all
references with information about species X’s
response to fire are not necessarily listed under
species X, but all references with species X as a major
subject of the study are listed under that species.)

Methods of Compilation

This bibliography was built from a card file begun
by the senior author in 1978. Beginning in 1985,
this file was kept updated with regular use of both
Current Contents and Wildlife Review.® The subject
categories of fire(s), wildfire(s), and burn(s)(ing)
were routinely reviewed. In 1990, updating from
Current Contents became electronic when it became
available on disk. This made it possible to review
not only keywords, but also titles and abstracts.

In 1989, the file was augmented with citations
from a literature collection on fire effects compiled
by the Department of Natural Resources’ Prescribed
Burn and Fire Effects Committee. In 1992, the file
was augmented further with the published proceed-
ings from (1) a 1986 symposium, “Prescribed Fire
in the Midwest”, held at University of Wisconsin-
Stevens Point; (2) all biennial North American
Prairie Conferences, 1968-90 and (3) all Tall Timbers
Fire Ecology Conferences, 1962-89. Chapters or
articles from major literature review books on fire
effects, such as Kozlowski and Ahlgren (1974),
Wali (1975), Wright and Bailey (1982), Chandler et
al. (1983), and Collins and Wallace (1990) were also
included.

Subject indexing was accomplished by first
establishing an outline of categories and cascading
subcategories. Standard terms were then adopted
as headings for each category and used as the key-
words. All articles were then lightly reviewed for
subject content and all applicable keywords were
assigned. A few reviews were limited to abstracts
only. The subject (keyword) outline was refined as
the indexing proceeded. Pro-Cite was the software
used for managing the citations and their keywords.

Overview of Fire Effects
in Wisconsin

' Although information on fire effects in the Midwest

is far from complete, enough is known to draw some
general conclusions and to predict, with moderate
accuracy, the impacts of a given burn. What we do
know is that ecological responses to fire can vary
greatly due to the influence of many variables,
such as vegetation type, specific plant and animal
adaptations, fire history, soils, climate, and current
fire regime.

Of all these variables, fire regime is the only one
over which managers have much control, but it is
also one of the more important in determining
long-term outcomes. Fire regimes have 4 primary
variables; (1) seasonal timing, (2) frequency, (3)
heat intensity, and (4) heat duration. The last 2,
heat intensity and heat duration, are often lumped
together into one variable that is often referred to as
intensity. Selecting target values for these variables
in burn-planning are some of the most important
decisions a manager makes in prescribing fire, the
most important being whether or not to burn the
site at all.

Species responses to fire are never entirely pos-
itive nor entirely negative; there are always some
species harmed, some benefitted, and some unaf-
fected by any given fire. In very general terms,
ecosystems, communities, or species historically
dependent upon fire for their existence or domi-
nance benefit from prescribed burns under the
right conditions. In Wisconsin these communities
include prairie, sedge meadow, oak savanna, pine
barren, pine forest, and most oak forest types.
These communities are not all equally dependent
upon fire, however. Frequent burning, for example,
usually results in prairies and meadows, whereas
the forests are sustained by less frequent, or at
least less intense, fires. Conversely, ecosystems,
communities, or species not historically dependent
upon fire do not generally benefit from fire. In fact,
fire may damage or alter them so severely that
recovery may take centuries. In Wisconsin these
communities include the various mesic and wet
forest types, and most sphagnum bog types.

Any evaluation of burn regimes should take into
account effects of other factors, such as climate,
herbivory, and their interactions with each other
and fire. Unfortunately, species adaptations to fire
can not be easily separated from adaptations to
grazing or drought stress; therefore it is often diffi-
cult to distinguish among the influences these forces
have on vegetation. To complicate the situation

® Current Contents: Agriculture, Biology & Environmental Sciences, published by the Institute for Scientific Information, and Wildlife Review,
published by the National Biological Survey, are both available electronically at most academic libraries and at the DNR Research Library.



further, these forces are not necessarily
independent of each other. Fire is often
associated with periodic drought, and
there is sometimes an interaction between
fire and grazing by large herbivores. For
example, recently burned grasslands
often attract grazers, and recently grazed
areas usually resist fire until dead litter
re-accumulates (Steuter 1988, Vinton et
al. 1993). This means that any discussion
of fire effects, at least from a historical
perspective, must incorporate the poten-
tial influences of grazing and drought as
well. Unfortunately, research that syn-
thesizes this type of information is rare.
Although there is no doubt that grazing
and browsing have historically played
some role in affecting vegetation structure,
it is unlikely, that herbivory played the
dominant role in determining vegetation
structure here in Wisconsin. There is
compelling evidence that fire, facilitated
by climate, was the overriding force on the
landscape in southern and western Wis-
consin and much of the upper Midwest.
The juxtaposition of various native plant
communities on the landscape, ranging
from fire-dependent to fire-intolerant com-
munities, in relation to natural fire breaks
and prevailing winds during fire-prone
conditions amply demonstrates this point.
In addition, the body of evidence from
sediment cores, tree fire-scars, and histor-
ical accounts (see citations under Fire
History in the index) builds a compelling
argument for fire’s dominant influence.
The following generalizations of species
and ecosystem responses to fire in Wis-
consin represent the senior author’s per-
ceptions, derived from a synthesis of the
literature and 18 years of field experience
with fire and fire effects. They are
intended only as an introduction to the
topic, not as citable conclusions of any
particular research. These summaries
apply only to fire-dependent or fire-
tolerant ecosystems of Wisconsin and
are sometimes handicapped by a scarcity
of published data. Also, keep in mind
that there are often exceptions to the
rules, and the responses referred to are

A HENDERSON
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The left half of this photo shows the litter removal, shrub kill-back, and
advanced green-up in a sedge meadow resulting from an early spring burn.
Right half is unburned.

A HENDERSON

A sedge meadow in June showing the kill-back of shrubs caused by a fire
2 months earlier.

J. HEISE

A low-intensity back-fire in oak savanna ground litter.



not always expressed in the first post-fire season.
In fact, many responses, such as tree mortality, changes
in soil fertility, population changes of long-lived
species, and some flower or seed production, may
not be expressed until several years after a burn, or
they may require repeated burns for many years
before they become evident.

A. Fire Effects on Vegetation:

1. Increase in species diversity, both richness
and equity of species representation. (How-
ever, fire intolerant species, such as some
woodland spring ephemerals, may be lost;
vulnerability varies with the timing of the
burn.)

2. Short-term increase in annual and biennial
species (e.g., ragweed [Ambrosia artemisiifolia
and A. frifida] and sweet clover [Melilotus alba
and M. officinalis]), but normally not at the
long-term expense of perennials. (However,
fires at certain times of the year can actually
reduce or eliminate annuals and biennials.)

3. Long-term shift in dominance away from
plants with most of their biomass above
ground to plants with most of their biomass
below ground.

4. Increase in flower, seed, fruit, or nut produc-
tion (as much as 10 fold in some exceptional
cases),

An increase in flowering resulting from fire in prairie.

A HEMDERSON

5. Increase in biomass (forage) production both

above and below ground for one or more
years. (This is especially true in native prairie.)

6. Improved forage quality, both in nutrition

and palatability.

B. Fire Effects on Animals:
1. Initial drop in numbers and species. (This

results from some mortality among inverte-
brates, reptiles, and small mammals—but
rarely birds and large mammals—and some
emigration of litter-dependent birds and
mammals. A notable exception to this ini-
tial-reduction rule of thumb is the immedi-
ate increase in the use of burned areas by
many foraging and hunting species—espe-
cially birds—drawn by more favorable for-
aging conditions.)

. Eventual increase in animal numbers and

species that meets or exceeds pre-burn lev-
els. (This increase may occur within months
or it may take several years. Itis generally
the result of increased primary and sec-
ondary productivity and the consequential
ripple effect up through the food chain,
improved habitat structure, or both.)

. Should a species be totally removed or dri-

ven out from a given site by the effects of a
fire, it will recover on that site only if indi-
viduals from another site are close enough to
recolonize. Dispersal distance varies by
species. The effective dispersal distance of
some insects ranges from less than 100 feet
to several miles. Birds, on the other hand,
recolonize readily over distances of dozens
to hundreds of miles. (Unfortunately, it is
not well documented which species fall into
this “need to recolonize” category. Some
habitat-specialist insects—such as those
restricted to prairie or other remnants of
native vegetation—may be among them. If
so, potential presence of these species
requires caution when using fire, such as
leaving viable “refuge” areas unburned.)

C. Fire Effects on Soil:
1. Reduction of litter, duff, and humus layers

above the mineral soil surface resulting in
warmer soil temperatures.

. Increase in fertility and organic matter with-

in the mineral soil resulting from increased
plant root and soil micro-organism activity.
(This can result in significant permanent car-
bon storage that may be capable of reducing
atmospheric CO, levels in the long run.)
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789

Gallery Forest
4,6, 102, 656

Hardwood Forest
57,93,110,122, 133, 178, 193,
243, 244, 245, 246, 271, 283,
300, 301, 306, 400, 422, 477,
485, 547, 556, 565, 634, 635,
654, 659, 685, 704, 715, 716,
732,746,779, 807, 813, 814

Old growth
147,327, 554

Hemlock Forest
244, 246, 685

Mixed
Conifer/Harcdwood Forest
148, 715

Oak Forest

8,12, 22, 32,119, 126, 155, 185,
245, 281, 318, 373, 377, 400,
430, 461, 462, 463, 465, 466,
530, 531, 545, 589, 590, 605,
606, 607, 608, 612, 623, 670,
703, 716, 749, 793, 807, 810,
813,814, 835,836

Pine Forest

20, 24, 38, 56, 60, 65, 74, 81, 96,
115, 117, 255, 268, 309, 316,
331, 348, 422, 439, 445, 446,
447,451, 476, 502, 536, 547,
571, 614, 634, 635, 661, 666,
697,719, 728,771,773, 784,
787, 802, 806, 807, 810

Florida 502
Georgia 117, 451

Michigan 547, 634, 635,
661, 807

Minnesota 20, 38

South Carolina 81

A prescribed burn of an
oak savanna at dusk.

M. SKINNER



GENERAL SUBJECT INDEX (ontine

Wetlands

General

3,48,58,177, 308, 314, 330,
338, 380, 397, 448, 527, 559,
563, 636, 637, 638, 671, 672,
729,759,765,776,834, 841

Cattail Marsh
55, 523, 763, 780, 790

Fen
360

Sedge Meadow
763

> EVOLUTION
294, 395

> HABITAT

(see also Animals and Plants)

55, 67, 86,100, 103, 117, 140, 161,
189, 201, 206, 221, 276, 338, 348, 350,
359, 375, 378, 394, 410, 412, 426, 439,
445, 446, 447, 452, 468, 472, 473, 494,
497,507, 518, 527, 545, 558, 625, 636,
640, 655, 668, 675, 677, 700, 711, 726,
731,745, 762, 770, 780, 788, 790, 804,
828, 829

Food

100, 117, 189, 201, 206, 338, 378,
412, 445, 446, 447, 452, 473, 497,
507, 558, 655, 668, 711, 726, 731,
788, 828, 829

Shelter
161, 338, 348, 350, 375, 439, 494,
625

C> LITTER
1,15, 20,22, 29, 98, 99, 134, 140,
147,148, 181, 187, 203, 212, 217,
234, 257, 273, 320, 329, 346, 351,
408, 411, 434, 435, 442, 457, 471,
479, 496, 556, 595, 645, 646, 648,
650, 666, 732, 756, 769, 783, 784,
787,799

Prairie
1, 29, 98, 203, 217, 257, 320, 329,

351, 408, 411, 434, 435, 442, 471,
595, 645, 646, 648, 650, 783, 799

10

> PLANTS

Savanna/Barren
666

Forest
20,22,147,148, 457, 556, 666,
732,756,784, 787

‘> MICRO-CLIMATE

233, 353, 392, 403, 528, 535, 560,
561, 657

Air Temperature
233, 392, 528

Relative Humidity
233

Sunlight
353, 403, 528, 560, 657

'I> NUTRIENT CYCLING

570, 784

Algae, terrestrial
258

Forbs

9,13,16, 19, 46, 49, 58, 76, 82, 85,
108,117,159, 174,177,182, 184,
185, 189, 193, 217, 226, 267, 280,
282, 293, 298, 305, 312, 317, 319,
324, 325, 338, 432, 444, 451, 469,
480, 488, 496, 504, 505, 513, 530,
540, 543, 559, 562, 571, 597, 740,
745,766,789, 834

Flower Production

19, 69, 127,175, 211, 275, 282,
319, 324, 326, 349, 352, 353, 354,
407, 469, 483, 562,571,597, 616,
628,712

Grasses and Sedges

2,7,10,11, 13, 19,21, 23, 29, 47,
49,50, 51, 69, 84, 85, 100, 107,
108, 109, 117, 134, 135, 159, 174,
175,177,189, 193, 195, 196, 197,
208, 215, 217, 218, 219, 223, 224,
225, 226, 256, 257, 267, 273, 291,
293, 298, 311, 319, 325, 326, 330,
338, 349, 352, 354, 391, 404, 405,
407, 432, 433, 434, 435, 436, 443,

444, 451, 483, 484, 497, 498, 499,
506, 521, 524, 528, 542, 543, 549,
559, 574, 587, 595, 603, 604, 618,
628, 634, 637, 668, 707,712, 716,
734,745, 754, 766, 799, 802, 811,
812, 817, 820, 830, 831, 834, 838,
839

Prairie

10,11, 13,19, 21, 23, 29, 47, 49,
50, 69, 84, 108, 159, 174, 196,
197, 208, 217, 218, 219, 223,
224,225, 256, 257, 267, 311,
319, 325, 326, 338, 349, 352,
354, 391, 404, 405, 407, 432,
433, 434, 435, 436, 443, 483,
484, 498, 499, 506, 521, 524,
542,543, 587,595, 628,712,
734,754,799, 817, 831, 839

Savanna/Barren
7,549, 559, 766

Forest
117,193, 451, 559, 634, 716,
802, 834

Growth (biomass,

vegetative spread, etc.)

11, 13,16, 19, 25, 44, 51, 62, 69,
70, 80, 84, 85, 89, 99, 108, 109,
111, 116, 126, 154, 177, 182, 184,
193, 196, 197, 217, 218, 224, 226,
256, 258, 270, 274, 275, 282, 290,
291, 301, 305, 311, 319, 320, 330,
349, 352, 353, 374, 403, 404, 406,
407, 411, 433, 434, 437, 441, 442,
445, 469, 473, 478, 487, 496, 498,
499, 505, 521, 528, 532, 533, 535,
542, 560, 561, 574, 587, 589, 609,
614, 616, 628, 637, 647, 649, 659,
661, 672, 682, 689, 712, 731, 754,
761,767,768, 783, 786, 793, 818,
833, 839

Prairie

11, 13,19, 25, 69, 70, 80, 84,
108, 182, 196, 197, 217, 218,
224,256, 274, 275, 290, 305,
311, 319, 320, 349, 352, 353,
403, 404, 406, 407, 411, 433,
434, 441, 442, 469, 498, 499,
521, 533, 535, 542, 560, 561,
587, 609, 628, 647, 649, 689,
712,754, 783, 833, 839



Savanna/Barren
44, 89, 116, 184, 282, 487, 661,
761

Forest

16, 126, 147, 193, 301, 327,
445, 554, 589, 614, 659, 661,
682,786,793

Lichens
16, 253, 496, 798

Mosses
471, 496

Physiology
403, 405

Seeds

Seed Bank
5,41, 251, 307, 369, 428, 437,
489, 707, 797

Seed Germination

9,16,41, 94,134,137, 176, 273,
275, 280, 282, 389, 390, 428,
437,438, 480, 513, 540, 578,
616, 618, 620, 707, 725, 736

Seed Production
117,126,127, 135, 182, 183,
218, 282, 305, 437, 445, 483,
799

Seedlings (non-tree)
94, 134, 275, 438, 540

Shrubs

2,6,16,20,23, 40, 44, 46, 50, 51,
56, 97, 101, 107, 116, 193, 202,
215, 232, 267, 323, 338, 487, 488,
509, 513, 540, 543, 571, 572, 590,
609, 811, 819, 829

Species composition

(diversity, succession, etc.)

7,8, 10,12, 14, 30, 33, 35, 36, 39,
48, 66, 72, 82, 89, 97, 101, 106,
110, 112, 131, 147, 149, 156, 158,
159, 168, 170, 173, 203, 213, 214,
221, 233, 243, 244, 246, 262, 266,
267,271, 274, 295, 306, 314, 315,
316, 318, 325, 327, 341, 356, 370,
372, 373, 376, 419, 422, 436, 440,
448, 450, 451, 456, 463, 468, 488,
492, 496, 510, 521, 524, 532, 546,

547, 559, 574, 599, 603, 616, 627,
637, 641, 676, 681, 682, 685, 703,
706, 710, 727, 738, 758, 759, 760,
763,764,767,768, 769,774,779,
783, 789, 807, 813, 814, 832

Prairie

10, 14, 48, 82,97, 101, 106, 156,
158, 159, 203, 233, 262, 266,
267,271,274, 325, 436, 521,
524,676,710, 760, 783

Savanna/Barren

7,33, 35, 36, 89, 221, 295, 318,
372,373,488, 492, 546, 559,
641, 703, 738, 760, 764, 774

Forest

8,12, 33, 39, 48, 72,110, 131,
147, 168, 243, 244, 246, 271,
306, 314, 315, 316, 318, 327,
370, 373, 422, 451, 456, 463,
547,559, 681, 682, 685, 703,
706, 779, 789, 807, 813, 814

Trees
2,3,4,6,7,8,16,32,44,46,47,51,
59, 62, 68,74, 89, 96,97, 101, 102,
106,107,111, 112,122, 126,129,
137, 146, 149, 154, 170, 177, 189,
193, 194, 198, 199, 201, 206, 209,
221,227,235, 241, 243, 244, 246,
251, 254, 255, 256, 257, 272, 277,
278, 281, 286, 299, 301, 303, 306,
309, 313, 316, 318, 321, 322, 338,
343, 355, 373, 374, 376, 387, 444,
445, 461, 462, 466, 473, 478, 492,
493, 519, 531, 536, 546, 547, 559,
565, 567, 584, 585, 588, 589, 590,
592,612, 613, 614, 623, 629, 635,
657, 659, 661, 682, 683, 684, 685,
687,709, 716, 720, 728, 732, 740,
747,751,771, 785,786,787, 788,
789, 793, 800, 810, 819, 820, 829,
834, 836

Tree Saplings
227,321, 322, 430, 565, 605,
716

Tree Seedlings

3,59, 102, 227, 235, 281, 322,
374, 386, 387, 430, 466, 585,
589, 682, 683, 684, 728, 732,
771, 836 -

| >SOIL

Soil Chemistry

15,17, 20, 40, 65, 81, 89, 131, 132,
147,181, 187,217, 219, 252, 268,
269, 284, 310, 338, 340, 353, 360,
392, 457, 484, 495, 528, 533, 534,
543, 544, 616, 638, 645, 646, 647,
648, 650, 663, 664, 666, 687,735,
749,756, 773, 787, 792, 803, 818

Prairie

217, 219, 284, 310, 338, 340,
353,392, 484, 533, 543, 544,
645, 646, 647, 648, 650

Savanna /Barren
40, 89, 663, 664, 666, 687

Forest
20, 65, 81, 131, 147, 268, 457,
666, 749, 756, 773, 787

Soil Erosion
205, 222, 654

Soil Fungi

17, 61,70, 139, 195, 197, 198, 402,
449, 504, 583, 650, 722, 752, 808,
809, 837

Soil Micro-arthropods
17,115,120, 470, 471, 556, 644, 653

Soil Microbes

17,37, 284, 329, 331, 471, 534,
550, 556, 616, 650, 664, 691, 719,
792, 808

Soil Moisture

13, 15,17, 26, 131, 147, 181, 191,
212,217,219, 251, 257, 273, 284,
310, 319, 351, 381, 392, 403, 406,
471, 500, 506, 521, 528, 533, 543,
560, 587, 595, 609, 645, 650, 744,
756, 785, 832

Soil Nematodes
502

Soil Organic Matter

20, 22, 24, 40, 181, 212, 251, 252,
381, 471, 533, 534, 645, 646, 650,
683, 728, 756

11



GENERAL SUBJECT INDEX  (continues

Soil Temperature

13, 16, 43, 50, 108, 132, 181, 219,
319, 320, 353, 392, 543, 544, 560,
595, 602, 707, 756, 785, 792, 832,
837

> WATER QUALITY

205, 257, 310, 368, 460, 654, 733, 772

Water Chemistry
205, 310, 368, 460, 733

Sedimentation/Particulates
205, 654, 733

FIRE HISTORY

B> LIGHTNING

57,83, 87,333, 415, 418, 419, 424,
688, 720,721, 742, 826

> PALEO-ENVIRONMENT/

ECOLOGY

8, 31, 45, 150, 159, 342, 413, 421,
440, 512, 552, 660, 713, 714, 789,
821, 822, 823, 824

> POST-EUROPEAN SETTLEMENT

12,28,53,72,73,83,87,91,92,101,
148,163, 194, 227, 243, 244, 248,
283, 289, 300, 302, 318, 335, 359,
371, 373, 388, 440, 456, 464, 511,
538, 555, 557, 576, 627, 660, 692,
699, 704, 742, 807, 826, 841

> PRE-EUROPEAN SETTLEMENT

8,28, 31, 52,53, 72,73, 83,93, 119,
125,143, 144, 146, 159, 170, 172,
173, 186, 192, 200, 209, 210, 240,
244,245, 248, 249, 271, 287, 289,
295, 300, 315, 335, 359, 371, 377,
388, 400, 440, 450, 453, 456, 464,
465, 477, 511, 538, 553, 577, 579,
617,627, 693,704,713, 714, 730,
760, 763, 794, 806, 807, 822, 823,
824,833

12

>

>

FIRE POLICY
105, 114, 160, 163, 165, 475, 514,
551, 610, 624, 768, 826

FIRE REGIMES
(effects of)

FIRE FREQUENCY

64, 230, 262, 291, 315, 354, 436, 518,
525, 623, 631, 647,724, 741, 750,
774, 804

FIRE TIMING (seasonal)

69, 303, 319, 324, 325, 326, 334, 349,
393, 469, 521, 537, 542, 571, 688,
734,774, 804, 812

FALL BURNS
13, 49, 252, 303, 319, 325, 326, 363,
381, 469, 499, 609, 642, 688, 839

Fall-annual
326

Fall-periodic
325

Fall-single
13, 319, 642

SPRING BURNS

2,25, 49, 64, 80, 84, 96, 99, 179, 208,
214, 226, 252, 275, 276, 303, 349,
350, 381, 391, 441, 453, 469, 483,
484, 499, 520, 530, 542, 549, 562,
596, 597, 609, 623, 630, 678, 688,
705,755,761, 811, 812, 820

Spring-annual

10, 11, 23, 69, 76, 108, 116, 117,
215, 262, 282, 319, 321, 322, 324,
325, 326, 329, 406, 407, 432, 435,
471, 533, 631, 645, 710, 734, 744,
800

Spring-biennial
215, 471, 631

Spring-periodic
116, 262, 325

Spring-single
69, 76,108, 282, 319, 322, 744

> SUMMER BURNS

2,14, 96,99, 116, 214, 215, 233, 303,
537, 688, 774, 811

Summer-annual
116

Summer-biennial
215

Summer-periodic
116 =

I~ WINTER BURNS

14, 19, 58, 298, 392, 451, 532, 564,
734,774, 820

Winter-annual
734

Winter-single
19

OTHER MANAGEMENT
RELATED TO FIRE

> GRAZING

30,42,47,51,66,77,87,97,130,
138, 157, 158, 166, 217, 219, 232,
263, 264, 284, 340, 341, 352, 378,
379, 380, 444, 452, 473, 564, 582,
599, 649, 663, 665, 671, 672, 676,
690, 754, 755

> MOWING

55,214, 215, 219, 232, 267, 292, 293,
341, 349, 393, 557, 595, 651, 676,
785, 786, 788, 796

PRESCRIBED BURNING

> ECONOMICS

63, 75,277,304, 309, 624

‘> TRAINING

332, 486, 501, 610, 772



SPECIES INDEX

PLANTS

Abies balsamea (balsam fir)
241

Acer rubrum (red maple)
201, 589, 659

Acer saccharum (sugar maple)
147, 246, 554, 659

Agropyron repens
(see Elytrigia repens)

Alliaria petiolata (garlic-mustard)
530

Amelanchier sanguinea
(Juneberry, serviceberry)
323

Amorpha canescens (leadplant)
10, 319, 325, 469

Andropogon (bluestems)
349

Andropogon gerardii

(big bluestem)
10, 11, 19, 21, 29, 69, 84, 159, 175,
208, 217, 225, 311, 326, 351, 352,
354, 392, 405, 406, 407, 433, 435,
436, 483, 484, 498, 499, 542, 560,
603, 712,716, 734, 754

Andropogon scoparius
(see Schizachyrium scoparium)

Anemone patens (pasque flower)
23,324

Arceuthobium pusillum
(eastern dwarf mistletoe)
247

Betula alleghaniensis (yellow birch)
554

Betula papyrifera (paper birch)
147, 243, 473, 659

Bouteloua curtipendula
(side-oats gramma-grass)
208, 326, 603

Bromus inermis (smooth brome)
47,51, 84, 484, 549, 812

. HENDERSON

Increase in big bluestem growth and flowering after a spring fire.

The suppression
of the non-native
grass smooth
brome invading
dry prairie. The
left half was
burned in May.
The right was

unburned. (photo

taken in August)

13
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SPECIES INDEX (ontinen

Bromus japonicus
(Japanese brome)
799

Bromus kalmii (prairie brome)
326

Bromus secalinus (cheat-grass)
338

Bromus tectorum (downy chess)
506

Carya (hickory)
461,793

Carya ovata (shagbark hickory)
209

Cassia fasciculata
(see Chamaecrista fasciculata)

Ceanothus
(red root, New Jersey tea)
540, 578

Chamaecrista fasciculata
(partridge-pea)
480

Conyza canadensis (horseweed)
226

Corylus americana
(American hazelnut)
44,116

Corylus cornuta
(beaked hazelnut)
20

Dactylis glomerata
(orchardgrass)
51

Danthonia spicata

(poverty-oatgrass)
634,716

Desmodium (tick-trefoil)
480

Elymus canadensis

(Canada wildrye)
19, 603

14

Elytrigia repens (quack-grass)
549

Eryngium yuccifolium
(rattlesnake master)
29,319

Euphorbia esula (leafy spurge)
312

Euphorbia corollata
(flowering spurge)
319, 325, 469

Fagus grandifolia
(American beech)
387

Festuca arundinacea
(see Festuca elatior)

Festuca elatior (tall fescue)
574

Festuca ovina (sheep fescue)
817

Festuca rubra (red fescue)
47

Fraxinus americana (white ash)
659

Fraxinus pennsylvanica
(green ash)
659

Geranium bicknellii (crane’s-bill)
9

Juniperus communis
(common juniper)
202

Juniperus virginiana
(eastern red cedar)
289

Larix laricina (tamarack)
387

Lespedeza (bush-clovers)
480

Liatris spicata
(spike blazing-star)
504, 505

Lonicera japonica
(Japanese honeysuckle)
56, 641

Lonicera tatarica
(Tartarian honeysuckle)
40

Lupinus perennis (wild lupine)
282

Melilotus alba
(white sweetclover)
317

Monarda fistulosa
(wild bergamot)
182,183

Opuntia (prickly pear cactus)
338, 739

Ostrya virginiana (ironwood)
147

Oxalis violacea
(violet wood-sorrel)
76

Panicum (panic-grass)
326

Panicum leibergii
(prairie panic-grass)

Panicum oligosanthes
(few-flowered panic-grass)
325, 392

Panicum virgatum (switchgrass)
10, 11, 392, 405, 754

Pastinaca sativa (wild parsnip)
29

Penstemon grandiflorus
(large-flowered beard-tongue)
184, 185



Phalaris arundinacea
(reed canary-grass)
308

Phragmites australis (giant reed)
729

Picea mariana (black spruce)
682, 683

Pinus banksiana (jack pine)
7,16,129,137, 149, 194, 495, 613,
660, 661, 682, 683, 687, 697, 728,
784

Pinus resinosa (red pine)
20, 74, 146, 149, 199, 227, 614,
747, 787

Pinus strobus (white pine)
343, 387, 536, 685

Pinus sylvestris (scotch pine)
387

Poa (bluegrass)
326

Poa pratensis

(Kentucky bluegrass)
10, 11, 29, 84, 109, 174, 208, 217,
225, 325, 326, 338, 391, 484, 499,
521, 549, 597, 734, 838

Populus (poplar, aspen)
278, 473, 657

Populus grandidentata
(big-toothed aspen)
147, 659

Populus tremuloides

(trembling aspen)
47,51, 59, 62, 111, 112, 113, 147,
189, 386, 659, 709, 785, 786, 788

Prunus serotina (blackcherry)
321, 322, 589

Pteridium aquilinum
(bracken fern)
758

Quercus (oaks)
8, 32,126, 272, 461, 465, 466,
612, 623, 793, 810, 835

Quercus alba (white oak)
89, 209, 281, 322, 531

Quercus ellipsoidalis
(northern pin-oak or Hill’s oak)
355, 589, 800

Quercus macrocarpa (bur oak)
102, 206, 355

Quercus muehlenbergii
(yellow oak or chinquapin oak)
102

Quercus rubra (red oak)
147, 170, 374, 377, 430, 531, 659,
836

Quercus velutina (black oak)
46, 318, 321, 322, 659

Ratibida pinnata
(yellow coneflower)
29,182, 183

Rhamnus cathartica
(common buckthorn)
40

A fast-moving, high-intensity
head-fire through reed
canary-grass.

R HENDERSON
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SPECIES INDEX  (continuens

Rhamnus frangula
(European alder-buckthorn)
572

Rhus glabra (smooth sumac)
232

Rhus radicans
(see Toxicodendron radicans)

Rubus allegheniensis
(common blackberry)
589

Rubus idaeus (red raspberry)
51

Rubus strigosus
(see Rubus idaeus)

Salix (willow)
473

Schizachyrium scoparium

(little bluestem)
10,11, 13, 19, 29, 80, 99, 100, 195,
196, 197, 208, 211, 217, 223, 226,
325, 326, 392, 407, 435, 524, 528,
603, 668, 716, 734, 831, 838

Sisyrinchium campestre
(blue-eyed grass)
319, 325, 469

Solidago (goldenrods)
29,716

Sorghastrum nutans (Indiangrass)
10, 19, 29, 208, 326, 391, 392, 407,
435, 483, 484, 542, 603, 734

Spartina pectinata
(prairie cordgrass)
311

Sporobolus heterolepis
(prairie dropseed)
19, 217, 325, 597

Stipa (needlegrasses)
100, 349, 506, 830

Stipa spartea (needlegrass)
49, 325

16

Symphoricarpos occidentalis
(wolfberry)
51, 609

Thuja occidentalis (white cedar)
455, 751

Tilia americana (basswood)
147

Toxicodendron radicans (poison ivy)
232

Tsuga canadensis (eastern hemlock)
244, 246

Typha (cattail)
55,523,726

Viola pedatifida (prairie violet)
319, 325, 469

INVERTEBRATES

Ant, harvestor
(Pogonomyrmex badius)
494

Beetles, June (Phyllophaga)
643

Earthworm (Diplocardia smithii)
364

Earthworm (Diplocardia verrucosa)
364

Mosquitoes (Aedes)
776

Moth, pine budworm
(Choristoneura pinus)
495

[
Skipper, Dakota (Hesperia dacotae)
179, 491

Skipper, Ottoe (Hesperia ottoe)
179

Tick, deer
(Ixodes scapularis, 1. dammini)
485

REPTILES AND
AMPHIBIANS

Bullsnake
(Pituophis melanoleucus)
228

Garter snake, eastern
(Thamnophis sirtalis)
228

Garter snake, eastern plains
(Thamnophis radix)
228

Racerunner, six-lined
(Cnemidophorus sexlineatus)
515

Skink, five-lined
(Eumeces fasciatus)
517

BIRDS

Bobwhite, northern

(Colinus virginianus)
80, 138, 216, 220, 228, 359, 412,
452, 522, 652, 677, 804

Dove, mourning
(Zenaida macroura)
216

Goose, Canada
(Branta canadensis)
270

Grouse, ruffed (Bonasa umbellus)
188, 207, 279, 606, 608, 655

Grouse, sharptail
(Tympanuchus phasianellus)
188, 279, 527

Jay, blue (Cyanocitta cristata)
376

Mallard (Anas platyrhynchos)
228

Meadowlark, western
(Sturnella neglecta)



Pheasant, ring-necked
(Phasianus colchicus)
228

Prairie chicken
(Tympanuchus cupido)
130, 279, 292, 409, 795, 796

Sandpiper, upland
(Bartramia longicauda)
350, 398

Sparrow, Baird’s
(Ammodramus bairdii)
575

Si)arrow, clay-colored
(Spizella pallida)
575

Sparrow, field (Spizella pusilla)
78, 350

Sparrow, grasshopper
(Ammodramus savannarum)
350, 673, 805

Sparrow, Henslow’s
(Ammodramus henslowii)
840

Sparrow, lark
(Chondestes grammacus)
594

Sparrow, savannah
(Passerculus sandwichensis)
575

Teal, blue-winged (Anas discors)
379

Turkey, wild
(Meleagris gallopavo)
123, 545, 607

Warbler, Kirtland’s
(Dendroica kirtlandii)
527

Woodcock, American
(Scolopax minor)
216

Woodpecker, black-backed
(Picoides arcticus)
527

SMALL MAMMALS

Chipmunk, least
(Tamias minimus)
118

Deermouse

(Peromyscus maniculatus)
64,118, 162, 211, 383, 385, 569,
678, 679

Ground squirrel, thirteen-lined
(Spermophlilus tridecemlineatus)
64, 142

Mice (Peromyscus)
382

Mouse, harvest
{Reithrodontomys megualotis)
141, 162, 228, 385, 569, 678, 679

Mouse, lemming
(Synaptomys cooperi)
141

Mouse, white-footed
(Peromyscus leucopus)
211

Shrews (Blarina)
382

Shrews (Sorex)
382

Shrew, Indiana (Sorex cinereus)
118

Shrew, pigmy (Sorex hoyi)
285

Shrew, saddle-backed
(Sorex arcticus)
285

Shrew, short-tailed
(Blarina brevicauda)
678, 680

Voles (Microtus)
382

Vole, meadow
(Microtus pennsylvanicus)
678, 679, 743

Vole, prairie
(Microtus ochrogaster)
141, 228

Vole, red-backed
(Clethrionomys gapperi)
64,118

LARGE MAMMALS

Bear, black (Ursus americanus)
482

Beaver (Castor canadensis)
573

Bison (Bison bison)
166, 656, 690, 754, 755

Caribou, woodland
(Rangifer tarandus)
249, 632

Deer, white-tailed

(Odocoileus virginiana)
201, 206, 358, 726, 731, 751, 770,
828, 829

Elk (Cervus elaphus)
378, 558, 662, 745

Moose (Alces alces)
249, 259, 276,288, 473, 527, 788

Pine marten (Martes americana)
410

Rabbit, cottontail
(Sylvilagus floridanus)
228, 396, 458, 741, 804

Raccoon (Procyon lotor)
708

Squirrel, fox (Sciurus niger)
395, 684

17



GEOGRAPHIC INDEX

(U. S. States and Canadian Provinces)

Alabama
96, 677

Alaska
259, 288, 473

Alberta
23,50, 167, 207

Arizona
87, 88, 222, 348, 618, 707, 727, 771,
802

British Columbia
252, 558

California
83, 162, 234, 366, 368, 389, 390,
394, 401, 497, 513

Colorado
54, 303, 669

Connecticut
528,779

Florida
2,3,92,103, 104, 105, 221, 265, 330,
426, 502, 515, 516, 517, 522, 584,
585, 637, 699, 765, 811, 841

Georgia
117,177,178, 451, 478, 532, 654

Idaho
113,168, 237

Illinois
28, 34, 35, 36, 40, 78, 197, 220, 245,
377,391, 492, 530, 535, 546, 596,
639, 640, 641, 642, 795

Indiana .
40, 46, 155, 211, 318,572

Iowa
19, 217, 218, 219, 339, 411, 557,
597, 604, 652, 791

Kansas
4,5,6,10,11,21,25,26,27,43,77,
97,101, 102, 106, 124, 140, 141,
142, 208, 229, 238, 263, 264, 265,
267,274, 284, 328, 347, 351, 354,
372, 383, 384, 385, 403, 404, 405,
406, 407, 441, 443, 444, 499, 542,
544, 569, 644, 667, 734, 754, 755,
840

Labrador
243

18

Louisiana
563, 726

Maine
360

Manitoba
344, 345, 632, 780, 817

Maryland
738

Massachusetts
213,214, 215

Michigan
7,9, 246, 464, 547, 634, 635, 660,
661, 751, 807

Minnesota
15, 20, 38, 39, 44, 52, 53,71, 79,
118, 143, 144, 145, 146, 147, 148,
179, 182, 183, 184, 248, 283, 313,
355, 375, 495, 496, 525, 526, 549,
562, 623, 675,709, 710, 713, 715,
723,724,744, 800, 801, 818

Missouri
289, 329, 411, 432, 433, 434, 435,
436,463, 676, 749

Montana
86, 276, 333, 378, 482, 745

Nebraska
69, 99, 228, 483, 484, 678, 679

Nevada
506

New Hampshire
327

New Jersey }
89, 119, 120, 172, 455, 487, 488,
489, 819

New York
448, 485, 531, 573, 687, 716

North Dakota .
290, 333, 334, 398, 399, 409, 537,
839

Northwest Territories
369

Ohio
37,121, 133,282

Oklahoma
13, 14, 80, 90, 223, 224, 233, 372,
373, 392, 458, 595, 656, 703, 731

Ontario
55, 249, 343, 666, 697, 784, 785,
786, 787

Oregon
198, 254, 255, 357, 500, 583

Pennsylvania
12

Quebec
72,73, 74, 194, 202, 554, 555, 682,
683

Rhode Island
110

Saskatchewan
41,137,191, 575, 587, 609

South Carolina
81,774,776

South Dakota
84, 206, 225, 285, 333, 350, 379,
580, 689, 799

Tennessee
193, 201, 300, 301, 804

Texas
123, 130, 161, 235, 298, 361, 694,
739, 820, 831

Utah
297,672

Vermont
227

Virginia
810

Washington
169

West Virginia
545, 607, 608, 793

Wisconsin

29,40, 108, 125, 173, 204, 209, 210,
277,279, 287, 292,293, 319, 321,
322,323, 324, 325, 326, 430, 440,
450, 459, 467, 469, 470, 471, 560,
561, 589, 590, 598, 603, 605, 659,
685,714, 759, 760, 761, 762, 763,
764, 770, 808, 813, 821, 822, 823,
824, 826, 836, 838

Wyoming
62,113, 189, 240, 662, 794
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