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T HE EFFECT OF FIRES on the grasslands of 
the world has been of much interest to many individuals with a great 
diversity of background and training. Among them are botanists, zo
ologists, geographers, sociologists, economists, physiologists, and an
thropologists, as well as farmers, foresters, range specialists, and game 
managers. This wide interest has created what appears to be an inex
haustible supply of reference material. Unfortunately such items as 
fire, lightning, etc. are rarely, if ever indexed, making it necessary to 
read an extremely large amount of material to glean a small portion 
of information. Because of this, Tall Timbers has begun a bibli
ography on fire information which is being entered on punch cards. 
So far, over 5000 such cards have been assembled and the end is no
where in sight. I hasten to add that this bibliography, and associated 
abstracts, is not ready for dissemination or use by investigators as of 
now, but the need is very evident, judging from the requests we have 
received. 

I am somewhat chagrined, as an ecologist, to have to point out to 
you that most of the basic knowledge on grassland fire ecology has 
not come from ecologists. Many of them have completely overlooked 
lightning and fire as a component of the climate. Our basic knowl
edge of grassland fire ecology rests upon observations and technical 
studies by the scientist in the applied fields, such as forestry, range, 
game, and wildlife management. These have been mainly very capa
ble investigators, but they have been most concerned with the effects 
of fire on the maximum production of feed, forage, meat, and wood 
cellulose per acre. Nature rarely if ever, produces the maximum 
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amount of anything of direct value to man. In this particular paper, 
as a fire ecologist, I am not primarily interested in the economic use 
of fire for man, but rather in the ecological relations of fire to plants, 
animals, and man in those interesting and sometimes peculiar adjust
ments, preadaptations or properties that allow or require them to 
live in fire environments. 

GRASSLANDS 

About 65 million years ago, during the Cretaceous period or per
haps slightly earlier, the North American continent was a relatively 
level plain with an even or equitable climate. Although the tem
perature ranged from colder in the north to warmer in the south, the 
average temperature and precipitation for most regions was higher 
than that of the present day. Forests similar in composition to those 
that are now found in the East and Southeast, such as beech, oak, 
hackberry, maple, magnolia, etc., covered much of the continent. 
Previous to this era, and probably even more extensive than the hard
wood type forests, were forests of conifer species such as sequoias 
and pines with an understory of cycads, ferns, mosses, and lower 
forms of plants. This group today shows a preponderance of fire 
"preadaptations." Some of these living representatives of the ancient 
past are the most fire resistant vegetations known. Although many of 
these characteristics are also noted in our temperate broadleaved 
trees, these seem to be lacking in the many varieties of tropical vege
tations which are for the most part thin-barked and sensitive to even 
the lightest of fires. Some of these, in fact, appear to act more like 
lightning arrestors and conduct the lightning stroke into the ground 
with little possibility of igniting fires-in contrast to the conditions 
found in pines, oaks, and in our grasslands (Komarek, 1964). 

At this time there occurred a tremendous amount of geological ac
tivity, world wide, and for quite a period lands were raised and low
ered on a vast scale. Among these eruptions, during what is called 
the Laramide Revolution, rose a long chain of mountains extending 
virtually the entire length of the North American continent along its 
western edge, the Rocky Mountains, Sierra Nevada, and the Mexican 
Sierra Madre. The major weather patterns are believed to have been 
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Central plains and prairies 

Drier grasslands in basins, valleys, etc. 

Tundra grasslands 

Eastern and western "pine grasslands" 

FIG. 1. Major grasslands of North America. 
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dominated then as of now by the westerlies-that is the general wind 
direction and movement of storm patterns was from west to east. 
However, this mountain barrier forced these humid winds off the Pa
cific to rise to great heights. In doing so they lost most of their mois
ture and so in effect the mountain barrier cast a "rain-shadow" nearly 
the entire length of the western part of the continent. Thus in time, 
within this great "rain-shadow" to the east of the high mountain bar
rier, developed a vast area of grasslands from the far reaches of the 
arctic to that of the tropics-the largest and most extensive grass
lands in the world. These varied from desert to arid, from semi-arid 
to humid, and even to wet grasslands over periods of geologic time 
depending upon the prevailing climatic patterns. On either side, and 
adjacent thereto, there came into being other grasslands, those ac
companying the pine forests. Here in a forest of widely spaced pines 
-the ponderosa in the West and the longleaf-loblolly-shortleaf of 
the Southeast-an herbaceous and grass cover flourished because the 
open crown and canopy of these trees filtered the sunshine instead of 
shading the ground. Ecologically speaking, these certainly should be 
called "pine-grasslands" for many of their plant and animal species 
are dependent upon the ground cover, and not upon the trees. 

In other regions, the grasslands merged into hardwood forest. In a 
broad band or ecotone such trees as oaks, hackberries, mesquite, cot
tonwood, and several other species occurred in isolated groups or 
islands, or narrow bands along water-courses with the grassland 
widely interspersed in varying degrees. I believe it is pertinent to note 
that here, too, we have vegetations adapted to exist in a fire envi
ronment. All of these trees are noted, as are the conifers, for their 
characteristic acceptance of a lightning strike by being split, blown 
apart, and set on fire. Likewise the lightning easily travels down the 
tree and sets afire the vegetations such as grass, needles, leaves, etc., 
on the ground below. In the more tropical regions where grasslands 
occur, we find palm trees that do not as a rule show easily observed 
disfigurement by lighming, yet still conduct the stroke to the ground 
so as to ignite fires. Certain palm trees themselves are tremendously 
fire resistant; they literally have to be burned in two before they are 
killed. It is noteworthy that the grasslands are associated with such 
fire resistant forest type trees. This basic pattern of grasslands sur
rounded by fire-adapted trees appears to be a rather ancient one. 
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Lightning and consequent lightning fires, appear to be a basic com
ponent of the climate of these vast grasslands on rather sound mete
orological evidence. Lightning is produced largely by two main types 
of weather patterns. 

Line or squall type thunderstorms.-When large masses of cold 
dry air collide with warm moist air, line or squall type thunderstorms 
occur. This type is very typical of the mid-western section of North 
America. We have an ideal situation there because of the long 
"trough" extending southward from Alaska and the Yukon to Mexico 
and the Gulf of Mexico. The Gulf of Mexico, with nearly 700,000 
square miles of warm water, nearly surrounded by land, has a unique 
summer high pressure system caused by the Bermuda High in the At
lantic. This creates conditions where warm moist air from over the 
Gulf is pumped northward through the mid-section of the continent 
with the mountain chains acting as a barrier to westward expansion. 
At times when this meets the colder northern air, we have situa
tions that spawn some of the most awe-inspiring effects and at times 
produce a large number of lightning strikes which do not necessarily 
occur where there is precipitation. 

Convection thunderstorms.-These are caused by the unequal 
heating by day and cooling by night of large bodies of water adja
cent to, or surrounded by land. Another cause is the heating and 
cooling action of masses of air in mountain topography. The convec
tion type of thunderstorm is exceedingly common around the Gulf 
of Mexico, the Pacific coast, around the Great Lakes, and in some of 
the western mountain country. These thunderstorms produce a great 
amount of lightning, much of it the so-called dry lightning in which 
the storm produces little or no precipitation. 

Unfortunately, the observations and records on lightning and its 
behavior in most regions are few, with the exception of the U.S. 
Forest Service and U.S. Weather Bureau's operation known as Proj
ect Skyfire. In most other regions we have to use data from "thun
derstorm days"which give little information as to the lightning strike 
to ground potential and conditions under which they occur. How
ever, there is some correlation of lightning fires and thunderstorm 
days in Florida (Komarek, 1964). The large amount of data in for
est fire reports on lightning-caused fires show, particularly in the 
grasslands, that a great many times the lightning-caused fire potential 
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is much greater than one would expect from thunderstorm day data. 
All too familiar to farmers and ranchmen is the weather pattern 

(sometimes called the "persistence of weather") that occurs towards 
the end of a drought. This is the period, when such a person lives in 
hope for rain, only to see clouds and thunderstorms come and go 
with disheartening frequency, heavily charged at times with lightning 
and with little, if any, precipitation ever reaching the earth. These 
are the "fire periods" that the rangers in both forest and grasslands 
dread because it is then that all the earth appears to literally erupt in 
fire caused by lightning. Such days, as on May 21, 1963, which pro
duced 99 lightning-caused fires fought by the Florida Forest Service, 
come with more frequency than is generally realized. These occur 
usually at the end of dry spells or droughts and in May, June, July, 
August or September. 

Under these conditions, one series of thunderstorms or one line 
squall can travel great distances, literally "spewing" lightning fires. 
Around the Gulf of Mexico, such thunderstorms often develop 
quickly and in large numbers. Before Man, and particularly before 
modern Man with his many obstructions and his use of fire as well, 
such fires must have traveled for days upon days. The fire spread un
til either the weather conditions changed or a nonflammable terrain 
stopped it. 

These characteristic thunderstorm patterns are most prevalent in 
the summer months, and lightning caused fires are tbus primarily 
summer fires. These fires develop "stress" conditions during the re
productive periods of many of the plant and animal communities, and 
this "stress" in turn provides natural selection with the opportunity 
to operate to its fullest extent in selecting those "preadaptations" so 
necessary for survival in a fire environment. Unfortunately, the mu
tagenic possibilities of either lightning, or of summer fires have been 
only lightly studied. 

Evolutionary trends might be markedly affected by natural selec
tion in a fire environment-more so than in a non-fire environment. 
Geneticists who have conducted experimental studies point out the 
need of "stress" upon the cell as well as upon the individual. If this 
"stress" occurs particularly in the early reproductive stages, more 
mutagenic and other variations can occur. Certainly a lightning dis
charge and a fire not only cause "stress," but they can cause sudden 
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changes in a short time. Changes produced may vary from lethal to 
no effect with the great potentiality of natural experiment in be
tween. In fact, many of the qualities necessary for genetic studies in 
such "tools" as x-ray, other irradiation, and colchicine are also found 
here. The above-mentioned agents have surpassed the use of electri
cal discharges or heat as genetic "tools" largely because they are 
more easily manipulated and controlled. This in itself should not 
mitigate against the usefulness of the former. This would appear to 
me to be a most fruitful field for studies by genetic-ecologists, be
cause both lightning and fire appear in nature in their fullest intensi
ties-this is not so true with irradiation or colchicine. 

Dobzhansky (1962) has said that ". . . it must be pointed out that 
mutation is the ultimate source of evolutionary changes .... " and 
mentions that mutation possibilities are naturally innumerable. He 
goes on to say: 

Mutations are said to be random and undirected, and the mean
ing of these statements must be understood correctly. Mutations 
arise regardless of whether they are useful to the organism when 
and where they arise, or ever. If we place a population in a colder 
environment than that in which its ancestors lived, mutations con
ferring resistance to cold will presumably be no more frequent 
than they were before. If large body size is advantageous, muta
tion stimulating or inhibiting growth· will be no more or less fre
quent than in a population which might profit by a reduced body 
size. If a gene mutates to a form producing an increased body 
size, this does not make further mutations of the same kind more 
probable than they were before. Evolutionary trends are directed 
by natural selection and not by directed mutation. And what 
kinds of mutations are and are not possible in our species is de
termined by the historically established composition of our geno
type. Thus the chemical changes that occur in a gene when it 
mutates are not random, but their effects on the adaptedness of 
the organism are. [italics mine.] 

F. C. Clements et al. (1950), in the early 1900's set up a remark
able series of plant ecology experimental studies, dealing largely with 
plant succession, in an alpine laboratory on Pikes Peak, Colorado; in 
the course of these experiments a fire occurred. After pointing out 
some technical differences between the grass genera Agropyrum and 
Ely mus, they wrote: 
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This has been reciprocally modified in several species of each 
genus, and in addition, a new form-genus of Elymus has origi
nated apparently by mutation, following the forest fire at the Al
pine Laboratory in 1917. [italics mine.] 

And also: 

As a consequence of fire at the Alpine Laboratory in 1917 the 
herbaceous layer of the Douglas-fir forest was exposed to the sun
light. This led to the modification of the sub-dominants into sun
forms, closely approaching adjacent forms commonly rega1'ded 
as species in some cases, and in others producing a new and char
acteristic sun-form. [italics mine.] 

Also mentioned are modifications in Trisetum spicatum, Bouteloua 
gracilis, Sporobolus, Calamagrostis, Elymus and several other kinds 
of grasses and forbs. 

In 1932, Randolph, in a series of rather classical laboratory experi
ments in a paper entitled Some effects of high temperature in poly
ploidy and other variations in Maize, writes: 

The genetic changes induced by the high temperatures were 
expressed in modifications of, first, the processes associated with 
nuclear and cell division, and, second, the architecture of individ
ual chromosomes. The former make possible among other things 
the experimental production of new polyploid strains, the duplica
tion of the polyploid condition in existing species, the production 
of hybrids between species incompatible because of differences 
in chromosome number by equalizing the parental chromosome 
numbers before crossing, and the production of fertile tetraploid 
hybrids between species whose normal diploid hybrids are sterile. 
The latter provides a new technique for a study of the physical 
properties of individual chromosomes, and should aid materially 
in the search for the underlying causes of induced chromosomal 
variations. Since organisms in their natural environment are not 
infrequently subjected to temperatures as high as or higher than 
those employed in these experiments, it seems not unlikely that 
high temperatures have played an important part in the produc
tion of variations in nature. 

Randolph was not acquainted with the effects of natural fires, and 
temperatures much higher, as well as lower, than he used in his ex
periments are found in most grassland and forest fires. 

In 1936, Dorsey, following Randolph's methods, published a paper 
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entitled Induced polyploidy in wheat and rye, chromosome doubling 
in Triticum, Secale and Triticum-Secale hy brids produced by tem
perature changes. He induced the following tetraploids with high 
temperatures: 

Two in T. durum; one in T. vulgare X T. compactum; one in T. 
plonicum; one in T. vulgare X S. cereale; two in T. vulgare; and one 
in S. cereale. 

He writes: 

The frequency of induced chromosome doubling in the cereals 
which were used in these experiments is relatively high. A total of 
426 viable kernels were obtained from plants which were given 
heat treatment. There were fifteen instances of chromosome dou
bling among the plants that were obtained from these seed. The 
ratio of doubling to non-doubling is approximately one to thirty. 

Since temperatures which were employed in producing the tet
raploid cereals are probably not so high as those to which wheat 
plants are frequently subjected in the field, the question may be 
raised whether tetraploid forms are produced under natural envi
ronmental conditions. Temperature changes under field condi
tions are probably more gradual than in these experiments, in 
which the plants were subjected to a change of approximately 18 
degrees C in less than five minutes. It is doubtful if the tempera
ture of wheat fields ever change so much in so short a time. 

Dorsey was thinking in terms of only normal air temperatures 
from solar radiation. Conditions in a natural fire could be even more 
extreme both in temperatures and in the speed of the change from 
normal to high temperature. Under certain conditions, both in the 
improved cereals and the grass ancestors, the main conditions of his 
experiments could be met with fire. 

Peto (1939), in his paper Chromosome doubling induced by tem
perature shocks in hy brid zygotes of Triticum vulgare pollinated 
with Agropyrum glaucum writes: 

Temperature shocks of 42-44 degrees C for 20 minutes were 
applied to Marquis wheat zygotes with a portable apparatus 16-24 
hours after self-pollination. These treatments produced in 1936 a 
number of plants with double the usual chromosome number, 
while the same treatments applied to the hybrid zygotes were 
unsuccessful. However, in 1937, alternating high and low temper
ature shocks induced chromosome doubling in at least one hybrid 
zygote from T. vulgare var. Kharkov pollinated by A. glaucum. 
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Muntzing, Tometorp and Mundt-Petersen (1936), stimulated by 
Randolph and Dorsey, wrote in Tetraploid Barley produced by beat 
treatment, as follows: 

In maize a low but regular frequency of tetraploids was ob
tained by subjecting the entire plants or the female inflorescenses 
to temperatures varying between 40 degrees and 45 degrees C. 
This treatment was in most cases undertaken 27-30 hours after 
controlled pollination. In barley the anthers generally dehisce at 
an early stage and in order to make controlled pollinations it is 
necessary to emasculate the flowers at a rather early stage. In the 
beginning of the experiments the plants were subjected to tem
peratures varying between 40 degrees and 47 degrees centigrade 
about 20 hours after artificial pollination. . . . 

Consequently, it may safely be concluded that a new tetraploid 
barley has been produced as a result of the heat treatment. 

Aase (1946), gave this summary of heat treatments: 

Natural climatic temperatures have been credited with altering 
the chromosome status in some instances. Garnet wheat grown in 
Schleswig-Holstein showed 24% of sporocytes with univalents, 
but only 5.8% when grown in its native Canada (44). Mention has 
been made of extreme natural temperatures in connection with 
spontaneous rise of speltoids (69) and haploids (429). 

Experiments on the effect of temperature on the induction of 
chromosome aberrations have been limited mainly to heat, includ
ing ranges from 35° to 50° c., and in one case of dormant grains 
a temperature of 80°C. (503). Some treatments involved sudden 
extreme temperature changes (402, 403). Exposure time varied 
from 20 to 60 minutes, to several hours or to several days. Heat 
was applied most frequently to the spikes at some chosen stage 
between premeiosis and early post-pollination. Grains were 
treated in dormant stage (503) or allowed to germinate at the 
high temperatures (399, 401). 

Root tips of rye seedlings germinating at 35° to 36°C. showed 
fractured chromatids, translocation, abnormal chiasma formation, 
etc. (399). Treated heads of rye frequently gave rise to abnormal 
meiosis including structural chromosome changes (77) and de
crease in number of chiasmata to complete asynapsis (70). Ka
gawa (179) reports diad formation in two heat-treated plants as 
averaging 3.5% and 8.6%, respectively, as against 0.3 to 1.6% in 
four controls. Sparsely among the progeny of heat-treated plants 
there arose "tetraploids" (99, 121, 185, 186, 358,402,403), numer-
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ical chimeras (68, 181, 186, 401) or haploids (375). Heat alter
nated with cold resulted in one amphidiploid (402, 403). Toler
ance to heat, contrary to the response to X-rays, was not favored 
by higher chromosome numbers (503). 

High temperature that produced a number of mutants in two 
strains of T. compactum produced none in a variety of T. vulgare 
(181), indicating perhaps differences in reaction between the two 
species. 

Giles and Randolph (1951), mention: 

The autoploid strain, 38-227, originated ... from the heat 
treatment of hybrid combinations of four inbred lines of diploid 
maize and the direct doubling of one of these lines. 

In 1961, Petterson, in Mutagenic effect of radiant heat shocks on 
phanerogamous plants, conducted the following experiment: 

The first stage of this investigation was concerned with the ef
fect of momentary strong radiant heat . . . on flower buds in 
various stages of development. In order to obtain the necessary 
momentary high temperature, use was made of a common burn.:. 
ing glass, with a magnification of x3; by this means, the young 
flower buds or bud clusters were subjected to the "burning" rays 
until some smoke appeared, or until there could be observed a 
visible change in the colour of the bud which generally occurred 
within 2-15 sec. 

The seeds obtained by these rather rough treatments were gen
erally few in number and of inferior germination capacity. The 
effect of the radiant heat could be observed already in the seed
lings, principally as teratological deformities. Depending upon the 
severity of the injuries caused by burning, the number of such 
mutated seedlings varied between 2 and 40 per cent. 

He reports changes caused by this proce~ in the following plants: 

Aichryson dichotomum 
Celsia insularis 
Cunoglossum lancelolatum 
Dimorphoteca pluvialis 
Kallanchoe glauca 
Knautia arvensis 
Lythrum salicaria 
N emophila menziesii 

Achillaea millefolium 
Solidago virgaurea 
Spirea ulmaria 
Tanacetum vulgare 
Angelica silvestris 
Allium schoenoprasum 
Centaurea sp. 
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Seeds obtained from a burnt Allium schoenoprasum plant gave 
rise to 21 young plants, of which not a single one agreed in all its 
characteristics with the parent. The most marked peculiarities 
were discovered in seven of these plants; these displayed quite 
strange characteristics which had not been observed in the parent 
population nor had hitherto been known to occur elsewhere in 
any population of this species. 

The results of experiments with Angelica sylvestris were no 
less surprising. Unfortunately only a small number of healthy 
seeds were obtained, and these gave rise to 26 seedlings. Even as 
early as in the first summer, the young plants showed many pecu
liar characteristics which were to be observed neither in the con
trols nor in the natural populations. 

Petterson states further: 

No less surprising results were obtained from the experiments 
with Spiraea ulmaria. About 31 per cent of the young plants of 
the first summer were mutated in various ways; during the last, 
that is the second summer, the mutations were more pronounced. 

Many of these mutations displayed gigantism, dwarfism, and many 
variations in growth, shape and type of leaves, drooping umbels in
stead of upright, etc. 

I have found only the following references as to the effect of an 
electrical discharge similar to what might be expected in lightning. 

Aase (1946), has written: 

Germinating seeds of common wheat placed in a tube with both 
ends attached to electrodes and subjected to electric currents of 
varying intensity gave rise to some aneuploid speltoids and other 
mutant plants (65). The rate of mutation tended to increase with 
exposure, more evidently so when direct turrent was applied. 

Grains of wheat exposed to the light of the spark of an induc
tion coil resulted in mutants characterised in part by higher resist
ance to lodging and diseases, and by 10 days earlier maturity. 

Many of the foregoing experimental studies had stressed the effect 
of heat and electrical discharge upon the mutagenic effect of plants, 
and in particular on the doubling of the chromosome number in such 
instances. Thus the following quotation (Stebbins, 1956) is most apt 
in regard to the evolution of grasses, for it points up a major char
acteristic of the grass family-the doubling of the chromosome num
ber. Could lightning or fire have played a part in this evolution? 
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Cytogenetics and evolution of the grass family. 
The Role of Polyploidy in the Evolution of Grasses-Recent 

studies of grass evolution have shown that the doubling of the en
tire chromosome number, or polyploidy, has played an unusually 
large role in the evolution of this family. Nearly all genera of 
grasses contain species with chromosome numbers which are ~ul
tiples of the original basic number. In wheat and oats the varIOUS 
species contain 14, 28, and 42 chromosomes in their body cells; in 
the panic grasses (Panicum) the numbers are 18, 36, 54, and 72; 
while in the beardgrasses (Andropogon) somatic numbers of 20, 
40, 50, 60, 80, 120, and up to 180 have been found. 

If those species are considered polyploid which possess multi
ples of chromosome numbers which are known or can reasonably 
be inferred to exist in their genera, then about 70 per cent of the 
species of grasses investigated cytologically are polyploids. Since 
the percentage of polyploid species in the flowering plants in gen
eral is about 30 to 35 per cent (Stebbins, 1950), grasses have more 
than twice as many polyploids as the average for the flowering 
plants. Futhermore, there is much evidence that the basic or x 
number of many grass genera was itself derived by polyploidy in 
the remote past, which suggests that the percentage of. species 
with a record of polyploidy somewhere in their evolutionary his
tory is even greater. 

In August of 1964, by careful observation of lightning struck trees 
in a virgin longleaf pine forest on Greenwood Plantation, Thomas 
County, Georgia, certain effects were noted on the ground vegeta
tions at the base of some of these trees. I would like to point out 
that the ground vegetation of this type of pine forest is essentially 
one of true grassland. Such communities would more properly be 
called the pine grasslands, as the forest itself is not the most pertinent 
determinant of this community, even though the trees make it appear 
to be so. An old phrase might well be quoted and rephrased as, "One 
can not see the grassland for the trees" in reference to the "pine 
grasslands" of both the Western Ponderosa and the southeastern and 
Mexican pines. In observation of these seven struck trees on Green
wood the lightning entered the ground at the base of a longleaf pine 
after making the typical type of split streak. The extent of effect on 
vegetations varied from a small area only a few inches across where 
the stroke entered the ground to-in two strikes-an area around the 
trees of more than 30 feet in diameter with the strongest effect near 
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FIG. 2. Differential effects of lightning stroke on rabbit-tobacco (Pteracaulon un
dulatum) in flowering stages. Greenwood Plantation, May 14, 1965. 

the entry point into the ground. There was a wide spread effect, 
ranging from lethal to no damage, and thus sufficient opportunity for 
such a discharge to have a mutagenic or other effect on plants con
cerned. 

Because it occurred to me that some of this damage might be 
caused by other factors than the electrical discharge, such as the re
lease of lethal amounts of a fertilizer agent such as nitrogen, soil sam
ples were taken around the two most affected trees, and similar 
samples were taken 75 feet from the affected area where I could dis
cern no effect from the strike. These were analyzed through the co
operation of the Coastal Plains Experiment Station laboratory and 
showed no differences in nitrogen, phosphorus, or potash. Thus it 
would appear that the effects noted were probably from the electri
cal spark itself. These natural experiments will be followed more 
closely the coming year. This pattern of radiating damage or effect 
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from a central area where the strike, or strikes, enter the ground, has 
been noted in many cases where lightning has hit farm crops. In 
grasslands, such damage has also been noted, and it has been reported 
several times on golf courses, in particldar. A characteristic pattern 
usually occurs-lethal effect on the grass at a point of impact grad
ually fading to no discernible effect or damage. In this band of 
variability just the right condition for natural mutations could possi
bly occur. 

The effect of electrical· discharges and heat upon animals is not so 
well known. That heat will affect the genetic composition of some 
animal life is well shown in the many genetic experiments with the 
fruit fiy, Drospbila. It would appear to me that both electrical dis
charges as well as heat or other effects of fires, particularly summer 
fires because they occur during the reproductive stages, might well 
affect insects in particular, if not the higher forms of animal life of 
the grasslands. . 

In a fire environment we have at least two factors, and very prob
ably more, that appear to be able to promote more mutagenic or 
other variations than the other slower climatic conditions: Lightning 
with its attendant electrical discharge and fire with its heat. Thus we 
may conclude that there is a greater and quicker potential of muta
tions in a fire environment than in a non-fire one-with all of its 
evolutionary ramifications. 

Another major characteristic of the grass family is the ability of 
these plants to assimilate silica or silicon. This one factor has been re
sponsible for a major part in the evolution of two large mammalian 
groups (Herbivores and Rodents) at least, as well as other animal 
life. It appears to me also that there is a rather definite relationship 
betwe.en fire grasses and the assimilation of silica by these grasses. 
Many members of such genera as Aristida, Andropogon, Imperata, 
Setaria, etc., have hard stems, indicating a great amount of silica, and 
they are among the most fire-adapted grasses known. As far as I 
have been able to ascertain, the effect of fires on silica has not been 
studied but this seems to me to be a most important field where 
work must be done if we are to understand the evolution, not only 
of grasses, but of the fauna that depends upon them for its existence. 
This can truly be called basic research. 

Lanning et aI. (1958) point out that: 
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Silica has long been known to be present in plants. Richardson 
(6) reported its abundance in the aerial parts of plants of the 
Equisetu:m genus and many Gramineae, constituting 50 to 70% of 
the ash. He also states that of all elements found in plants, silicon 
showed the greatest variation between plant parts, plants, and spe
cies of plants. Silicon usually occurs in plants in the form of its 
oxide, Si02 , commonly called silica. 

This substance, responsible in part for the hard glossy finish and 
strength of grass stems, is found throughout the grass family from 
the most primitive, the bamboo, to the most advanced, the May deae 
of which maize, or our corn is a member. At times it is deposited to 
such an extent that the accretions are called opal phytoliths, these be
ing similar to true opal. Thus, Moore (1960) has written: 

The stems of grasses are smooth and highly polished. Their 
glossy finish, especially noticeable in the bamboos is due to the 
preference of this plant family for the mineral element silica. In 
some of the bamboos a liquified accretion of silica is found in the 
joints. The silica strengthens and hardens the stem; when dried 
culms are burned it enables them to retain momentarily their 
skeletal form in the ash. 

Silicic hardening of the culm begins as soon as the tissues at 
each level have ceased elongation, and about three years are re
quired to complete it. The outer layer of the culm is heavily 
overlain with a waxy covering, or cuticle, which prevents loss of 
water. In addition it is strengthened and protected by incrusta
tions of silica on the outer wall and infiltrations of this element 
into the wall. . . . This hard covering makes the bamboo still 
more impervious to moisture, more durable than ordinary wood 
of the same weight, and as much as ten times as resistant to 
tearing. Some bamboos have such heavy deposits of silica on the 
outside of their culms that they can be used as whetstones. 

During the growth of the culms the internodes of some species 
are partly filled with water containing silica in solution. As the 
foliage develops the water is transpired, in some species, leaving 
small masses of a solid, or soft, milk-white residue called tabasheer 
or tabishir. This strange substance has been found to be a hydrous 
silica, practically identical with the hydropane variety of mineral 
opal. 

Experimental studies have shown that silicon has increased the dry 
weight of rice and the seed production in millet (Sommer, 1926) and 
seed production in barley (Lipman, 1938). It has been found to be 
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an insect resistant component in some cases; to the ricestem borer 
Chilo suppressalis in rice (Nakana et al., 1961) and in the sorghum 
plant, to Antheriogna indica M. The fragmentary work, already re
ported, on the relationships of the silica content of grasses and insects 
points towards fields of research nearly untouched at present, but 
with tremendous application, particularly today with so much inter
est manifest in the toxic substances used in insect control. If the silica 
content of plants is related to insect resistance, as it seems apparent, 
the results of such basic study would be far reaching in its applica
tion. 

Bodenheimer (1951) according to quotations from Uvarov (1948) 
and from Ichikawa (1936-1948) on the mineral content of grasshop
pers (sexually mature adults of Schistocerca gregoria and of the two 
sexes of Oxya velox, respectively) notes that in the former the silica 
or Si02 content of the total ash was 11.92% and that in the latter the 
silica content of the males was 6.64% while in the females it was 
9.64%. Silica might well be the strengthening agent in some insect 
exoskeletons. These studies open a point of view that the silicon con
tent of grasses is of considerable importance in the development of 
the grassland fauna as well as to the grassland. 

The gradual change through geologic time from forest to grass
land is best illustrated by the fossil record of some of the animals that 
lived during those periods. Perhaps the best documented and most 
well known is the evolution of the horse (for some 50 million years 
here in North America). Osborn (1918), Simpson (1961) and others 
have shown clearly the change from browsing animals to grazing 
herbivores and they emphasize that this change was due primarily to 
a change in diet; from soft leaves, twigs, buds, etc., to sedges, grasses, 
and forbs. The latter food must be thoroughly ground to be assimi
lated. They also point out that the teeth in these animals changed 
from a tuburculate type, once developed and not renewed, to a dis
tinct and very specialized tooth suited to grinding-a flat surface 
tooth that grows out of the gums as it is worn down, and with a sur
face consisting of not only enamel but a cement-like substance as 
well. These type teeth are virtually, one might say, small mill stones, 
and are the kind of teeth our domesticated herbivores have today. 

This development of a "grazing type tooth" (without going into 
technical terminology) likewise developed in many other animals. 
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One that is most easily seen because of its size is that of the mam
moth. Members of another great order of mammals, the Roden
tia, developed this same general type of tooth for grassland living but 
on a much more miniature scale; very successfully however, for the 
Microtines, more commonly called meadow mice, are found literally 
all over North America wherever there are grasses, sedges, and asso
ciated forbs. The grass family in particular is unique in its assimila
tion of silica, and this substance could cause the evolution of a "mill
stone" type of tooth. Along with this quality, however, is the factor 
of fire. When grasslands are burned, the animals eating the tender 
herbage that sprout shortly thereafter will, of necessity, not only eat 
a considerable amount of ash, but sand and other debris as well. But 
even more important is the fact that in the grazing of this tender 
herbage, the basal stems of the plants that have either been burned 
off or at least subjected to heat, are mixed with this herbage. These 
stems have an exceedingly heavy concentration of silica, and the 
bas.al area appears to contain more than those parts up towards the 
flower or seedhead. 

The effect of fires on the grasslands of North America has been 
the subject of much controversy, and a large amount of literature 
has developed. However, much of this literature has been devoted to 
the effect on the yield of grass or meat per acre, more than to the 
actual grassland itself. We are concerned here only with the grass
lands before they were subjected to grazing by domesticated intro
duced cattle, horses, sheep, and goats, with such a pressure and 
intensity that it has become difficult to assess this damage now. Let it 
suffice to remark that the worn step-like trails that one sees in the 
early morning or late evening sun in much of the West could only 
have developed under conditions such as these grasslands had never 
before been subjected to. In other regions, particularly in semi-arid or 
arid lands, every sprig of natural grass has long since gone and mil
lioris of acres are now scrub, bush land or desert. 

And as this is a study in itself, much confused by relationship to 
yield of herbage or meat to the acre, let me quote from a few of 
our excellent plant ecologists and for the time let it go at that. The 
writings of F. C. Clements should all be read in detail, even as pro
digious as these writings are, by anyone interested in plant succession 
and the effects of fire. 
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Weaver in the North American Prairie (I 954) states: 

Long life of the individual and much vegetative reproduction 
are characteristic of prairie. Many plants have a life span of 10 to 
20 years and some may persist much longer. In winter the plants 
are alive only below ground. But renewal of growth is so rapid in 
spring that even where the former cover has been removed by 
mowing or burning, the foliage soon becomes so dense that light 
near the soil surface is often reduced to very low intensities. This 
occurs despite the fact that the prairie is typically a land of sun
shine. 

The general unity of true prairie is shown as strongly or even 
more visibly by the long-lived forbs as by the grasses. Many of 
these overtop and sometimes more or less obscure the grasses. 
About 225 species of grasses and forbs of considerable importance 
were found in the Missouri Valley region (Weaver and Fitzpat
rick, 1934). In a single square mile of prairie near Lincoln, N e
braska, 237 species of prairie plants occurred (Steiger, 1930). 
About 265 species made up the bulk of the prairie flora of Iowa 
(Shimek 1931). [italics mine]. 

Using as a standard the species lists in the monograph The Prairie 
(Weaver and Fitzpatrick, 1934), Transeau (1935) found the pro
portion of species on the prairies of Ohio to be as follows: 

Of the 11 major grasses .............................. 100% 
Of the 22 minor lowland grasses ................. 73% 
Of the 67 lowland forbs .............................. 84% 
Of the 25 minor upland grasses. . . . . . . . . . . . . . . . . . . . . . .. 58% 
Of the 75 upland Forbs ............................... 40% 

They also write: 

Grasses are admirably suited to withstand conditions of exces
sive moisture, great drought, grazing and fire. Through thousands 
of years species best adapted to prairie conditions have been 
sorted out and now compose the present grass flora. [italics 
mine.] 

In the Grasslands of the Great Plains by Weaver and Albertson 
(1956), the authors have this to say about the relationship to fire: 

The viewpoint of the authors after long experience and study 
has been expressed in North American Prairie as follows. Fire is 
less destructive to grasses than to woody vegetations and it may 
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sometimes benefit prairie where debris has accumulated over sev
eral years. This undoubtedly occurred where fires were set by 
lightning. The prairie and indeed the entire area of North Ameri
can Grassland at the time of settlement consisted of a climax vege
tation, the extent of which was controlled by climate. Fire was 
only one of the many environmental factors. The grasses pro
duced large amounts of dead, dry, inflammable material. 

What, I would like to ask, happens to the large amounts of dead, 
dry, flammable material from grasses in the absence of intensive graz
ing by domesticated livestock where fire has been excluded? 

Quoting Borchert (1950) they say further: 

Thus the Grassland climates favor fire, just as they favor grass 
whether there are fires or not. . . . Fire, if not primitive man, 
himself, would simply have been one part of the ecological com
plex of a region with the climate of the Grassland. . . . Also, the 
precipitation pattern of eastern America during major drought 
years can explain why the influence of fire was restricted to the 
grassland. The climate of the forests generally did not favor 
burning. 

Borchert was apparently totally unfamiliar with the extent of 
lightning fires started in the forest regions of North America to make 
a statement such as "The climate of the forests generally did not 
favor burning" which is in total disagreement with the papers pre
sented here at these conferences the past four years representing in
formation on forests nearly the length and breadth of the North 
American continent. I also shall point out in detail later that Man is 
a relatively "newcomer" to the grasslands of North America and the 
grasslands were here some 50-60 million years before him. 

The southeastern part of United States, along with Mexico, has 
been a refuge area for countless ages, and as the climate changed 
from warm to cold and back again, some plants and animals were al
ways left as relicts. Those that could adapt themselves remained, the 
others died out. This has led to a great variety of living things rang
ing from those which we term northern, such as reindeer moss 
(Cladonia sp.) which exists in a pine forest of "fire adapted" pond 
pine (Pinus serotina), to subtropical and tropical plants and animals 
having more southerly origins. 

Here has remained an ancient grassland, once inhabited by the ex-
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tinct horses (from Eohippus of the Eocene to Equus of the Pleisto
cene), mastodons, mammoths, and others. Although this grassland 
thrives in the semi-shade of southern pines, I want to impress upon 
you that it is truly a grassland with a wide variety of grasses and 
forbs and inhabited by a wide variety of grassland mammals, birds, 
insects and other typical grassland fauna. In this "pine" grassland the 
forest animal life, with few exceptions, occurs only in those pockets 
or areas where fire has been excluded for any length of time. Within 
a five year period this southeastern grassland becomes non-existent 
(on rich soils) along with its characteristic fauna and a hardwood 
forest soon becomes a reality. The competition between grassland 
and hardwood forest is nowhere greater, not even in the coastal 
country of Mexico. 

It was here in this southeastern pine grassland that a game ecologist 
was not only able to discover why it was necessary to burn these 
grasslands to maintain a habitat for a grassland bird, the Bobwhite 
Quail, but to demonstrate the "fire ecology" of many grasses and 
forbs and their relation to such a "fire adapted" bird. In the The 
Bobwhite Quail, its Habits, Preservation and Increase (Stoddard 
1931) and in the compiled reports of the Cooperative Quail Study 
Association (Stoddard et al. 1961) it is pointed out that many species 
of grasses and forbs require the removal of dead, flammable, debris 
by fire. And that in this process fire made food available to the quail 
and other prairie type birds, all of which are weak scratchers and 
cannot obtain food in heavy litter. This accumulation takes but few 
years to develop, and is very evident in the "Red Hill Country" 
around Tallahassee, Florida. Likewise, because of the heavy rainfall 
and warm climate, the hardwood species of such trees as sweetgum, 
numerous varieties of oaks, persimmon, sassafras, hickories, and many 
others grow extremely rapid and sucker profusely. 

Most spectacular in these same pine grasslands are some of the 
great variety of showy flowers that occur in quick succession from 
early spring to late fall. Among them, the fringed orchids (Orchida
ceae) respond to a yearly burning regime with a carpet of blooms 
for the same reasons as the grass and legumes mentioned before. 
Pitcher plants (Sarracenia) reach their greatest variation and specia
tion in the wetter open pine grasslands in the lower Gulf Coastal 
Plain of Florida, Georgia, Alabama and Mississippi-and also their 
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greatest abundance if their habitat is burned at frequent enough in
tervals. 

This same deleterious effect of mulching, smothering, and disease 
harboring by heavy accumulations of dead plant growth has been 
noted likewise in the commercial production of many grass seeds. 
These are generally produced in the absence of livestock grazing and 
thus are much more indicative of natural conditions. Our native grass-

FIG. 3. Pitcher plants (Sarracenia drm1lmondi) on early spring burn after three 
years of fire exclusion. Near Mobile, Ala., photographed May 28, 1964. 

land mammals have never grazed areas as intensively, as long, nor as 
closely as domestic livestock. The burning off of grass seed fields 
after combining is a widespread, accepted management practice. 

Hardison (1960) writes: 

Field Sanitation 
Burning: Multiplication of leaf and stem parasites is favored 

when infected plant parts capable of producing or releasing masses 
of spores after every rain are left in the field the entire year. As 
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described above seed production permits the maximum develop
ment of diseases in any given environment. Disinfestation of land 
while it is growing seed crops is difficult, because suitable chemi
cals are not available, particularly for perennial crops. Although 
the seed and herbage is harvested, it is impossible even with close 
cutting to remove all of the infected leaves and stems. 

The fungus causing black stem disease in alfalfa produces spore 
bodies (py cniba) on the old cut stems still attached to the crowns. 
Spores extruded from these bodies often are in direct contact with 
or are spread over the new young leaves and stems by spring 
rains. In many of the grass leaf diseases, c.g. brown stripe caused 
by the fungus, Scolecotrichum graminis, infections of new tissue 
at the base of the leaf results from spores produced on old dead 
parts of the same leaf blade. As if to accommodate this arrange
ment, the leaf blades of many grass leaves are more or less canoe
shaped, so that water droplets carrying spores are directed down 
the leaf blade to the tender, newly formed tissues at the base of 
the leaf. 

The general lack of sanitation that is inevitable in growing most 
forage seed crops can be corrected to a considerable extent, espe
cially.in grasses, by burning the straw and stubble. Fire destroys 
old, dry leaves and with them the different spore bodies contain: 
ing or capable of producing countless spores which would other
wise be disseminated to reinfect new leaves. 

Besides reducing many foliar diseases, burning has given good 
control of several seed disorders by destroying the unaffected 
seeds which have been modified into galls, sclerotia or other rest
ing organs of the parasites. Destruction of these reproductive or
gans gives effective control, because no other part of the plant is 
infected. For example, excellent control of blind seed disease has 
been obtained in western Oregon for at least one year by burning 
perennial ryegrass fields after harvest. Much seed is shed during 
harvest and the destruction of infected seeds together with the 
straw eliminates the source of infection the following spring. 

In western Oregon, practical control of the grass seed nematode 
disease is obtained by burning chewings fescue fields after harv
est. This destroys galls dispersed before harvest and those which 
are blown out of the combine threshers. It is possible that grass 
seed nematode diseases in buffalo grass and certain other grasses 
could also be controlled by burning if enough straw were avail
able to make a good fire. 

Control of ergot in perennial ryegrass has been obtained 
through post-harvest burning in Oregon. By this means, many of 
the fungus sclerotia formed in the regular seed crop are destroyed 
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FIG. 4. Burning off commercial grass seed production field after combining in 
the Pacific Northwest. Photo courtesy Jenks-White Seed Company, Salem, Oregon. 
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with the straw. In addition, burning eliminates the regrowth 
heads which in western Oregon are invariably heavily infested 
with ergot. 

Silver top of red fescue has been controlled in Pennsylvania by 
burning fields in the fall or before growth begins in the spring. 
The time of burning that will cause the least injury to grass must 
be determined by local experience. Dr. H. W. Mead of Saskatche
wan has informed the writer that spring burning of alfalfa fields 
for disease control is a standard practice in Canada and gives good 
control of black stem disease. Success of this practice depends 
upon destruction of the old infected stems. 

All in all, careful burning is one of the better opportunities for 
sanitation and control of many diseases in perennial grass seed 
crops. Burning is successful because the reproductive organs of 
the various pathogens are destroyed. Generally, this will depend 
on the volume of straw left in a field to provide fuel for the fire. 
The heavy rates of nitrogen fertilizers used on perennial ryegrass 
seed crops in Oregon results in a heavy straw which provides 
an abundant source of fuel. Many growers are using fire as an 
easy way to remove the heavy crop residue. If burning is delayed 
until fall rains have started a slow fire sometimes kills many 
plants. A fast fire which is possible on a dry field and where there 
is some wind, will often kill many disease organisms without in
juring the plants. 
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Burton (1944) has recommended burning off the dead old grass 
in improved pastures in spring before growth begins, and in hybrid 
bahia (Paspalum notatum hybrid) for better seed production and in 
pasture management. This practice is also recommended for the con
trol of the spittle bug (Prosapia bicincta (Say) in coastal bermuda 
grass (Cynodon hybrid). Davis, Burnett, and Gross (1957) mention 
that corn smut is best controlled by burning off cornfields. 

The interrelationships among the various grasses and forbs, as well 
as those between these herbaceous growths and shrub and tree forms, 
is most complex and varies extensively, depending upon precipitation, 
temperature, soils, and many local factors. However, when fire oc
curs in the grassland, there are certain rather general principles that 
apply, regardless. If the region is arid or cold with short growing 
seasons, the plant and animal succession that follows is consequently 
slow. An example would be that of the semi-arid grassland of the 
Southwest that is being encrouched upon by shrubs of several species. 
If the grassland has not been grazed for even a relatively short length 
of time, fire has a much more damaging effect on the woody growths 
than on the grasses. If this fire occurs naturally, and as has been 
pointed out several times, this means a summer fire, this effect is even 
more pronounced and the damage to the woody growths even more 
profound. Thus one summer fire in such grasslands every few years, 
(providing that it is not overgrazed by domestic livestock,) will be 
sufficient to retain dominance by the grasses. In the far north, also 
because plant succession is slow due to cold temperatures and perma
frost, a similar condition exists. In the more humid areas, like the 
Southeast, luxuriant growth occurs so that if fire is excluded for even 
a short time in the fire type vegetations, the hardwood growth over
takes them. With every successive year of fire exclusion this resultant 
luxuriant vegetation creates a greater potential of more frequent 
fires, and of hotter ones. 

Clements, (1949) as well as others, saw this relationship clearly 
years ago and wrote: 

Fire has a profound effect upon the woody communities and the 
regeneration of the cover is a slow process, except in such root
sprouting types as the chaparral of California. If not too frequent, 
it affects grassland little, but the reaction value of grass may be 
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seriously reduced or almost destroyed by over grazing. [italics 
mine.] 

With the exclusion of livestock, the natural accumulations of fuel 
largely remain on the land so that fires can retard the woody growth 
progression and tip the scales favorably toward grassland. In Africa 
those who have studied the use of fire in relation to grasslands con
stantly point out that livestock must be excluded for a period. Re
cently burned grasses are very easily injured by close grazing. They 
also point out that unless the pasture is "rested" before burning so as 
to allow an accumulation of dead grasses to develop, the consequent 
fire will be too "cool," or not "fierce" enough to control the woody 
growths. 

Cooper (1963), has shown experimentally that summer fires have 
a much more profound effect on the control of woody growths than 
winter fires. Again I wish to point out that nearly all lightning-caused 
fires occur in the summer months, while the man-caused fires gener
ally occur during other periods of the year. As a fire ecologist, I can
not over-emphasize this fact because much of our thinking in relation 
to the ecological effects of fire has been based on man-caused fires, 
even though several investigators have pointed out that the longleaf 
pine must have evolved under a regime of summer fires. Now let me 
hasten to assure you, and other conservationists, that I am not advo
cating summer fires on a large scale, I am simply pointing out the 
basic factors in fire ecology. Ecologists must clearly understand that 
it was summer fires in the past that have had the most effect in 
"molding" the landscape of North America. F. C. Clements, who not 
only explained much of the interactions of plants, but also has given 
us many of the words we use today such as "climax," did not realize 
that natural fires were mainly summer fires caused by lightning. This 
is evident in the following quotation: 

As such a great relict area, the barrens of Kentucky and neigh
boring states have been the object of all possible interpretations, 
among which fire has easily ranked first. Fire, however, could not 
have originated the grassy tracts, nor could it have extended them, 
since years of annual fires can do no more than reduce hardwoods 
to the condition of scrub. 

From my experiences, I believe that summer fires, even if occur
ring infrequently, could maintain and enlarge the grassy tracts al-
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luded to without too great a difficulty. 
The white man's fires have usually been in the winter or spring 

months because of his dependance on livestock. I feel however that 
the Indian who lived on the "natural livestock," ranging from grass
hoppers to bison, probably did use summer fires. 

There is constant competition between the "short grasses," the 
"mid-grasses" and the "tall grasses," as well as the many forbs that 
grow among them. Here again, summer fires, in particular, have a 
profound effect on the composition of the grassland varying by the 
intensity and frequency of the fires. Slow back fires under dry condi
tions will materially injure those grasses whose apical bud is at the 
surface or shortly above, while those with extensive underground 
root systems or stems are benefitted. A fast head fire under damp 
conditions, even if the accumulations are heavy, will in turn not in
jure those with surface apical buds. 

Here a word about physical properties of summer grass fires is 
needed. Even though the grassland may appear to be relatively "un
burnable" because of the green grass, it may actually carry a rather 
"hot" fire (Fig. 5). This is so because many grasses when not grazed 
either lose their lower leaves by shading, or they die and remain, and 
the accumulations of past years forms a dry mat underneath. Thus 
under these green conditions, most grasslands will burn. Of course in 
arid or cold climates it may take many years for this condition to de
velop, whereas here in the Southeast and the coastal part of Mexico, 
just one year without burning produces enough material to burn. 

I have repeatedly emphasized the place of natural summer fires, 
because these occur not only during the genetically important repro
ductive stages of grasses and forbs but also of the animal inhabitants. 
These animals have had to evolve under such conditions, too, so that 
natural selection over a long period of time has "fitted" them to sur
vive under a summer, lightning-caused fire regime. 

Although summer fires can be sweeping and produce a clean burn, 
this is not necessarily the usual pattern. Natural grasslands consist of 
a great variety of grasses and forbs so that the prairies, plains, or 
steppes are not uniform in their ability to carry fire under the same 
conditions. Then, too, many of the animals that live in the grasslands 
create conditions by their own activities that either change the vege
tations or cause the effect of fire to be different. Grazing animals, 
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FIG. 5. Summer fire in broomsedge (Andropogon virginicus) and Bahia grass 
(Paspalu11l no<tatu11l) , Birdsong Plantation, August 18, 1964. 

from small rodents to mastodons, all played their part in making the 
grasslands and subsequent fires as variable as they are. Much of the 
burn would then be patchy. Variability in height and density of grass 
growth is evident by differential grazing by domestic cattle in a pas
ture of common and Pensacola bahia grasses and broomsedge. Except 
when the fires burn heavy accumulations of dry grasses, the green 
grass does not burn. The stems are weakened by fire and collapse 
after the fire has passed on. This appears to be typical of summer 
fires, or fires in a tropical environment, where they are apt to contain 
green grass the year around. Thus grassland summer fires probably 
created in the past, as today, a variety of areas from clean burns to 
that of a very patchy mosaic pattern. 

Another interesting facet of the place of fire in grasslands is the 
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relationship of mineral and protein content of the grasses with and 
without fire. This has been widely studied and these studies nearly all 
point to the fact that grasses arising from the burn are more nutri
tious, have more minerals and protein, and are more tender. The lit
erature in this field is large and easily accessible. However, I do wish 
to point out that I know of no studies that have been conducted rela
tive to summer fires or fires comparable to the natural occuring ones. 

One of the first easy observations to note after a grassland burns is 
what happens to the smaller animal life therein. With the complete 
to partial removal of their protective cover the grassland animals are 
suddenly exposed to greater "stress" from predators and this occurs 
during the main reproductive period in the case of summer fires. 
Color patterns that are less easily seen are then most advantageous, 
such as those that occur in cotton rats (Sigmodon) with their griz
zly black and greenish color and a great many other grassland ro'" 
dents and birds. 

I have pointed out elsewhere that most of the grassland rodents 
also either burrow fairly deep or have short small "pop" holes in 
which they take refuge when a fire occurs (Komarek 1963). It cer
tainly is not mere concidence that those mammals that are not pro
tectively colored in regard to burnt grassland conditions have these 
deep burrows for refuge in the day and forage for food only at night. 
In one of our experiments, house mice that had invaded a grassland 
were not adapted by coloration or with the burrowing habit and were 
quickly eliminated by a Shrike (Lanius ludovicianus) and possibly 
other predators after the fire swept over the area. Whereas the old
field mouse (Peromyscus p. polionotus) with his burrows and the 
cotton rat with his protective color and small shallow "pop" holes 
survived although predators took some toll. However, for those 
that do survive the stress of exposure to predators, there remains the 
very varied and otherwise easily obtainable and nutritious food sup
ply. In our summer burns, the cotton rats quickly developed well 
worn trails from the unburnt patches of grass to this tender herbage 
which develops new green sprouts in as little as three days even dur
ing a dry period. All the grassland rodents however, can exist upon 
roots, seeds, and insects and without green matter for an extended 
period if necessary. The many species of winged predators then exert 
a profound effect upon these grassland bird, mammal, and insect 
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populations; thus those that are more nearly matched to the burn live 
to reproduce the race. 

Birds, and in particular those birds that match the burn, such as 
quail, some sparrows, etc. are quickly attracted to the burned areas 
because of the easily available seeds, insects, and other food. It is a 
spectacular sight at times for some of these will literally flock onto a 
smoking burn. 

Most of these characteristic grassland birds are relatively weak 
scratchers and the legs are not too strongly built. Could this be a 
consequence of feeding on regularly burnt grasslands for a very long 
time? 

I have noted in our experimental burns that the populations of 
red-legged grasshoppers (Melanopus femur-rubrum) moved from 
the unburned patches of grass to the interspersed burnt grass within 
one week of the fire and were apparently feeding to a large extent 
upon the fresh nutritious young grass. In this regard the following 
quotation from Adaptive Coloration in Animals (Cott, 1964) is most 
interesting. 

Adjustable Resemblance of Insects to Area blackened 
by Grass Fires. 

More remarkable, however, is the case discussed by Poulton 
(514) of African insects which bear a resemblance to the black
ened areas caused by grass fires. A variety of species belonging 
to several families taken by Bacot, Carpenter and Swynnerton on 
areas recently blackened by fire, and including a cockroach, a 
mantis, a cricket, many species of Acridiid grasshoppers, a Penta
tomid bug, and a Noctuid larva, all showed more or less of the 
blackened or charred appearance of their surroundings. For in
stance, the larvae, apparently those of Spodoptera abyssinia-taken 
on an island in Lake Victoria by Carpenter-were coloured in 
longitudinal stripes of coal-black and bright grass-green, a disrup
tive uniform whose tints harmonized perfectly with those of the 
fire-blackened stems and new green shoots where they were feed
ing. The bug Macrina juvenca, found under similar conditions by 
Carpenter in Uganda, was the colour of a partially burnt chip of 
wood. 

Direct evidence that these resemblances are due to individual ad
justment, and not to seasonal forms appearing at the time when 
the grass is burnt, is lacking. But the former explanation is sup
ported by observations by Sjostedt (575) and is rendered likely 
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by the knowledge that different Orthoptera and Lepidoptera do 
possess the power of colour-change in conformity with their 
surroundings. 

Another important factor of fires in the grasslands, particularly in 
the midwestern and northern parts of the continent, including 
Alaska, is the effect upon the nesting areas of birds. Recently John 
and Hunt, (1964) in Duck and Coot Ecology and Management in 
Wisconsin, point out that: 

Periodic fires set by Indians to drive game and those started ac
cidentally by lightning burned until they were stopped by natu
ral fire breaks-surface-water areas. Vegetation in the frequently 
burned lowlands was drastically different than in unburned low
lands. For example, in western Jefferson County, periodic fires 
maintained sedge meadows on low ground between drumlins 
(Zicker, 1955). Depressions were created in the meadows by 
deep-peat burns in dry years (Grange, 1948: 215), and developed 
into marshes when flooded. East of the Crawfish and Rock Riv
ers (Jefferson County) on identical topography, unburned low
lands supported tamarack swamps. 

Historically, fire maintained attractive duck breeding habitat by 
inhibiting normal plant succession. Grassy and herbaceous upland 
cover established and maintained by fires provided excellent nest
ing cover for upland nesting ducks, such as the blue-winged teal 
and mallard. Under present-day, strict fire protection, new de
pressions are rarely burned in meadows, and sedges and grasses 
give way to shrubs and trees. Timbered swamps stand as living 
testimonials of what vegetation more open wetlands will support 
at some future date, if they remain undisturbed. [italics mine.] 

The effect of fires on grass plant successions and its relationship to 
the nesting habits of many of our migratory as well as sedentary 
grassland birds is most interesting and is in need of further study. 
V ogl (1964), shows the effect of fire on a muskkeg marsh and the 
adverse changes that occur in the absence of fire as regards to such 
birds. I cannot but wonder just what would happen to our duck 
and other migratory bird populations if all lightning fires were con
trolled in Alaska and other portions of the far north where a vast 
acreage is burned yearly by lightning fires. Vast breeding grounds 
would be eliminated for migratory waterfowl and shorebirds if the 
ponds, lakes, shorelines were allowed to grow up in vegetation un-
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favorable to these grassland birds. The question of eliminating light
ning caused fires in Alaska is not just a forestry question in a 
questionable economic forest land but is a problem that all interested 
in the conservation of all our resources should ponder. If fire exclu
sion was put into effect in Alaska as thoroughly as it once was at
tempted in the Southeast, its effects would be far reaching indeed. 

A relative condition might also occur to the fish populations in 
the water areas of the grassland regions. Not only could the extent 
of the water area change, but the very biota of the water as well. 
Although much has been said and written about the reaction of the 
ash from forest fires on fish, the truth of the matter may well be that 
the small amount of ash in lighter and more frequent fires would 
have the same beneficial effect as adding mineral fertilizers. The ad
dition of such fertilizers and the resultant prodigious increase of 
pounds of fish in some waters is based on very comprehensive 
studies by Swingle (1943), and others, and such fertilization is not 
only widely used but even a standard practice today in the South. 
Thus, the wise use of fire could play a large part in the productivity 
of water areas everywhere. Certainly the effects resulting from dras
tic forest fires where man has tried to practice fire exclusion over a 
long time should not be compared or confused with the more natural 
and normal fertilization of water areas by regular and less intensive 
fire. Frankly this subject is in much need of a great deal more scien
tific study instead of the emotionally based information so widely 
disseminated. 

- AND MAN-
So far we have discussed the part that lightning and summer fires 

have played, first in the formation of the North American grasslands, 
second in the evolution of these grasslands, and finally in the evolu
tion of the fauna dependant upon these grasslands. Now it is perti
nent to consider how Man and his ancestors entered upon this an
cient stage. Is he not, too, just one of the fauna that has succeeded 
remarkably well in this grassland environment? Man derives his sus
tenance largely from the plants and animals of the grassland. Unlike 
the other primates, he is no longer dependant upon buds, leaves, fruits, 
insects and such soft food in spite of the fact that his teeth are still 
tuberculate and not suited to the grinding of hard foods. Today the 
primates, with the single exception of Man, are restricted almost en-
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tirely to the relatively small regions of tropical jungle and forest land. 
In North America the primates disappeared about the same time 

that the grass family began its most rapid revolution with the excep
tion of the few genera of N ew World monkeys limited to the small 
area of tropical jungle. They failed in the transition from forest to 
grassland or savanna, so we must look elsewhere for their evolution
ary trends of the past. 

In Africa and Eurasia the fossil records tell us that the primates 
constantly and repeatedly tried to develop from a mammal that lived 
in the jungle forest to one that could exist in the grassland. We find 
that many of the other orders and families of mammals accomplished 
this, and even within the ancient stem from which the primates came, 
the Insectivores, some genera and species changed to fit these entirely 
new conditions. Today, there are numerous animals ranging from 
primitive forms to modern, which constitute the grassland fauna. Yet, 
from the geologic record only one descendant primate genus was 
able to accomplish this-and of that genus only one species was finally 
successful, and that was Man-Homo sapiens. 

Those that study this shadowy ancient past agree that this transi
tion from jungle habitat to grassland was finally accomplished near 
water, and in a broad zone of mixed trees and grass between forest 
and grassland. We know that these areas and such of its smaller coun
terparts as glades, parks, and the edges of forests are always a region 
most abundant in a wide variety of mammals, birds, insects and 
many other forms of plant and animal life. This "edge" effect, ranges 
from a very broad area in the fire type environments to a rather nar
row band where the tropical grasslands meet the jungle. And from a 
purely ecological point of view such a habitat does seem ideal for 
such a mammal as early Man, as it is essential even today to modern 
Man. Even Man creates and maintains a close facsimile of this ecotone 
as contrasted to a jungle forest. 

Boule and Vallios (1957), in their classic Fossil Men point out 
that: 

Central Asia was at one time favoured by palaeontologists as the 
probable cradle of the human stock-the Hominidae-largely on 
the basis that a variety of apes were living in the Himalayan re
gion during Middle and Upper Miocene times when the rising of 
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the mountain ranges would have caused a restriction of tropical 
forests on the north side, and so perhaps favoured the emergence 
of a ground-dwelling type of ape. [italics mine.] 

At the present time this region consists of grasslands and savannas 
or pine grasslands of fire type vegetations. The chir pine (Pinus rox
burghii) has fire resistant qualities similar to our southern longleaf 
and the western ponderosa and these give a parklike character of 
widely spaced trees to the terrain so characteristic of a fire-induced 
savanna. The herbaceous cover and genera are also quite similar to 
ours. 

In Africa the environment in which these pre-human mammals 
lived was also in this same zone where grasslands and trees met. 

Through the researches of Sir Wilfred Le Gros Clark, Dr. L. S. 
Leakey and Dr. A. T. Hopwood, we know that a considerable 
variety of higher primates (e.g. three species of Proconsul) lived 
in the Lake Victoria region at the beginning of the Miocene pe
riod, and may have been adapted to various ecological niches rang
ing from rain forest to savannah. The desiccation which affected 
large areas of central Africa during the Late Miocene and Plio
cene would have favoured the survival of any apes that were 
adapted to savannah. Those which had learnt to scuttle on two 
legs through tall grass in efforts to reach the shelter of trees in a 
region where forests were dwindling would have been well on the 
way to becoming Hominidae. (Boule and Vallis 1957). [italics 
mine.] 

I would like to add to this that lightning and lightning caused fires 
became of increasing importance as the meterological conditions 
changed from that climate that develops a tropical jungle to that 
which is so typical of grasslands. 

Furthermore, it is very significant that the remains of early Man or 
Man-like primates are usually associated with typically grazing or 
browsing type animals. If what we have said earlier in regard to the 
formation of the North American grasslands in regard to fire is true, 
then the same must hold here. Early Man had to adjust himself to a 
fire environment just as all the other members of successful grassland 
fauna. 

Yet, in early Man, and for that matter even in modern Man, we 
have here no such adaptations as to teeth, speed, coloration, etc. that 
we have noted in the other animals. Boule and Vallios (1957) state: 
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The teeth of Neanderthal Man became very rapidly worn, be
cause of the coarseness of the food, mingled with earth, which 
they had to grind; so that study of the crowns can only be carried 
out in specimens of young individuals. 

The change-over from jungle to grassland living was not an easy 
matter for the primates. They had little in the way of protection de
vices such as fangs, claws, horns, tough skin, etc. that other mammals 
developed as they changed over to grassland living. Apparently the 
"gene-bank" of primates lacked those necessary "pre-adaptations" 
to accomplish this by a process of natural selection. And yet this one 
species Homo sapiens not only overcame these foregoing problems 
but did it so successfully that today he is the most widely dispersed 
species on earth and now ponders upon the problems of over-produc
tion of his species as well. This must have been only possible because 
of an extraordinary collection of "preadaptations" centered in one 
organ, the brain. With all its myriad intricate organization the human 
brain was able to overcome all the other deficiencies that we look 
upon as necessary for survival in a grassland environment-a fire en
vironment. The evolution of this unique organ is also most interest
ing for it signalizes the basic control of a vital force in nature
electricity. The brain is essentially an electrical machine, an electro
chemical "computer-like" one. The evolution of this basic natural 
force, started in earlier animals but has reached its maximum develop
ment in Homo sapiens. Nowhere else in nature has the brain devel
oped comparably, so that the creature instead of physically adapting 
to an environment, has mentally done so. 

Man, in fact, with the possible exception of his upright position has 
no outward physical appearance that would fit him to a grassland 
environment. However, with the evolution of his mental capacities he 
was able to adjust himself remarkably well to this habitat so different 
as compared to the tropical jungle forest. This adjustment was ac
complished by his ability to use and make tools and among these per
haps his greatest, most useful, versatile and available seems to have 
been fire. Fire warmed his naked skin, softened his hard food, helped 
him catch his food and clothing, protected him from wild beasts, and 
helped fashion his first working and hunting stone tools-and so it 
essentially adapted him to a grassland environment. 

Let us take a close look at this secondary habitat for the primates 
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from the viewpoint of primitive Man or his immediate ancestors. We 
must keep in mind that natural fires were mainly summer fires simply 
because the primary causative agent, lightning, is a phenomena of 
summer meterological conditions. These summer fires differ in many 
respects from those man-caused fires that occur in other seasons of 
the year. 

One of the most outstanding characteristics of primitive men 
living today is their keen observation of minute detail-almost unbe
lievable to the scientists who study them. And yet their very lives de
pend on this faculty for survival. Such races as the African Bushman 
and the Australian aborigine can track and follow the spoor or sign of 
animals from rodents to the large herbivores and to a remarkable de
gree under exceedingly difficult circumstances. Undoubtedly these 
early hominids and early men also had these keen powers of observa
tion for without them I do not believe they could have existed as they 
did. They surely learned, just as a great many birds and other animals 
detected, that freshly burned land was a place where food was most 
easily gathered. The raptorial birds quickly find burning grassland, 
and the seed-eating ones flock even to smoking burns to eat. So why 
not Man? Now these summer burns would even be more productive 
of easily available food, than the winter or spring burns with which 
we are familiar, because they occur during the reproductive stages, 
not only of grasses, but of the myraid of animals that live in, among, 
or upon them. Thus an early Man would not only find seeds, charred 
and other grasshoppers, but many forms of invertebrates, bird eggs, 
fledgling birds, and the young of many mammals. It would appear 
that he might, however, be quite defenseless out on the burn and 
might therefore stay within reach of trees or shrubs, and after all this 
is where most of the food available to him might be anyway. 

However, there are some characteristics of these summer burns, 
and of burns in general, that are not so generally known except per
haps to fox hunters and trappers, both now a nearly extinct breed. 
One of these unique characteristics is that a burn from shortly after 
the fire and for many weeks thereafter creates very poor scenting 
conditions. My wife and I more than a quarter of a century ago still 
remember most vividly the many times the gray fox (Urocyon cine
oargenteus) would lose our pack of hounds, and us as well, by head
ing for a fresh or greening burn. As this fox hunting was conducted 
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in connection with a food habits study of the grey fox, and the red 
fox (Vulpes fulva) we would hunt just before or at daylight for 
then these animals would have full stomachs. We quickly learned that 
these animals in the summer months, for that is when we were hunt
ing, lived largely on insects, and predominately on grasshoppers, not 
rodents as is generally believed. It was readily apparent to us, and 
to the fox as well, that not only were these kinds of insects least mo
bile in the cool of the early daylight hours and thus easier to cap
ture, but that these insects were most abundant on those areas that 
were regularly burnt. Surely these primitive early man-like creatures 
and early men learned these things too, and that grasshoppers oc
curred not only less abundant in unburnt grass areas but also were 
much more difficult to catch. 

This past summer, I learned another one of those small important, 
and what to us sometimes seem insignificant facets of information 
that make up the sum of the things an animal must know if it is to 
exist. In one of our summer burning experiments I noted that in a 
grassland which was a mixture of broomsedge (Andropogon vi'fi
ginica) and two introduced forms of bahia grass (Paspalum notatum) 
that a certain species of grasshopper (Dissoteira carolina) climbed 
the stems of the brooms edge in the dense smoke of the slowly mov
ing ground fire and simply sat there in a somewhat stupefied state 
(Fig. 6). I could have easily captured enough for a rather substantial 
meal, as far as grasshoppers go, in a very short time in an area of less 
than two acres. Then one week later I was surprised again to find that 
the population of the red-legged grasshopper (Melanopus femur-rub
rum), those that had escaped my fire in the unburnt patches of grass, 
had moved from these and onto the green sprouting burn in consid
erable numbers. These areas would have been good hunting grounds 
for primitive men and men-like creatures. 

My experiences with actually planting in traditional corn fields of 
the Hopi Indians of the Painted Desert of Arizona have impressed 
upon me how little we appreciate these days those many little, and 
what seem insignificant things, which are in reality the most impor
tant things that make it possible to live in difficult environments. I 
had been told that the Hopis planted in a hole in the ground. Instead, 
the actual planting with a planting stick with them is truly a very 
complex process developed over centuries of existence under very 
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FIG. 6. Carolina grasshopper (Dissoteira carolina) "stupefied" by smoke of ad
vancing summer fire in broomsedge and Bahia grass. 

unfavorable conditions. If anyone little procedure is left undone the 
maize crop does not survive the rigors of the climate. Those that try 
"short-cuts" and leave out any such steps, which have been passed 
down from generation to generation, fail and blame it on the 
weather! However, for nearly ten years, including wet years and dry 
years (annual average rainfall is about 10 inches) the late Governor 
Howard Telyatumtewa of Bacobie produced a crop of maize every 
year, not only of his native corns but that of our experimental corns 
that had become partially acclimated to that rugged climate. After 
that long a period working with him each spring, as well as other 
Hopi from the other two mesas, I am convinced that it is the many 
little unnoticed things these people do that have made it possible for 
them to live where they do for such a long period. Although I have 
planted with a planting stick now for several years, with the Hopis 
and in the Hopi manner, I realize how little I really know about the 
multitude of little details which really have been, for hundreds of 
years, the difference of life and death to these Hopi people. So let me 
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re-emphasize that there isa tremendous amount of knowledge for 
living urlderp~imitive .conditions that most of us .cannot even begin 
to compJ7~end, This knowledge, bya long and difficult process of 
selection~ . h:tdl;leen passed down from generation to generation. 
This basic information had been impressed on the young with the 
emphasis on the necessity of doing these things exactly like their an
cestors had done before. The Hopi have succeeded in that hostile 
climate because of this and because they were on intimate terms with 
their total environment; weather, soils, plants, and animals. 

It must have been very difficult for a creature adapted to forest 
life to make the transition to grassland and there must have been a 
long period of attrition arid the fossil record shows that it was. It 
was the ability to learn these multitude of little procedures that made 
him succeed. There also must have been many, many failures un
recorded irl the fossil record. Now summer burns or burned areas 
were of undoubted value in many little ways to these early pri
mates furnishing them with a wide variety of easily accessible food 
to supplement those to which they were familiar. Likewise the scat
tered "fire-formed" trees and shrubs gave them protection, as well 
as the poor scenting conditions on the burn. Scenting conditions re
main poor for periods of several weeks or more so that this is not 
just a temporary· condition. The charcoal and ash on the burn has 
been suggested as a deodorant and this could well be for the odor 
absorbing qualities of charcoal are well known. 

Man and his immediate relatives must have become quite familiar 
with lightning and lightning fires and surely learned the differences 
between light and catastrophic fires, between cool and hot fires, but 
as Stewart (1962) and many others have pointed out it took a long
time before he learned how to kindle fire. In fact probably for a 
period of about half a million years he depended upon natural fires 
along with the "slow match." That is, that by a great variety of 
means these primates late in their evolution "banked coals" or actu
ally maintained and carried with them glowing coals. This in itself 
immediately separates him from all other creatures and might be 
called the beginning of "controlled fire." We can surmize that he 
then began to use fire, accidentally and on purpose, for a variety of 
uses. And to me this should be the beginning point of what we call 
Man. 
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However, most anthropologists seem to place this event sometime 
later. Boule and Vallios (1957) write: 

. . . the moment when the prehuman Anthropoid, attaining at a 
single bound the dignity of the human status for which his physi
cal and mental evolution had prepared him, on the other hand 
learned how to kindle fire, and on the other, passed from the 
habit of using rude stones to the manufacture of an implement. 

And they state further: 

Indeed, the invention of primitive implements and the produc
tion of fire result from intellectual qualities as marvellous as the 
greatest modern inventions they made possible of achievement. 

They knew how to make fire, that distinctive human accom
plishment which lay at the foundation of all future progress, 
which contained the potentiality of all civilization, and the dis
covery constitutes the most characteristic act of genius mankind 
can boast. 

But I believe that Man must have used fire a long time before he 
learned to kindle it-using it to keep warm, probably to protect him
self, and possibly in the making of his first stone tools. The big long 
step was between his taking advantage of the warmth, the increased 
food, protection, and the use of fire flaked rocks, all from natural 
fires until he learned to pickup and keep going the "slow match" or 
coals. The final step to kindling his own fire must have been but a 
short time ago in proportion to his long dependance upon fire and a 
fire environment. 

Now subsistence in a grassland, even with the help of fire, with 
only the simplest of tools and no preadaptations to fit him to this en
vironment, must have been long and tedious and the amount of food 
obtained quite variable. Because of true necessity he had to be a keen 
observer and must have learned early in his evolution which grasses 
provided the most easily obtainable seeds that were fit for him to eat, 
particularly as he only had "chewing" teeth. He certainly learned 
that fire would increase the yield of some of these seed. As any other 
animal that learns where food is easily obtained, he must have come 
back time and time again, seasonally, to the same location and also 
would naturally gather the largest and easiest gathered grains. In the 
light of the possible mutagenic effects on grasses by lightning and fire 
and the possibility that our cereal grains such as wheat, rye, barley, 
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rice and corn, and possibly others, come from what appear to be fire 
environments, it would be natural for Man to take advantage of these 
natural experiments. It does not stretch imagination too far to visu
alize, women and children in particular, and keeping in mind the long 
hours they must have spent gathering food, coming back to where 
they had found food before. The custom of parching of many of 
these likewise seems to be ancient. In the New World only one na
tive cereal grain was ever domesticated so let me come back to the 
grasslands of North America where for so long primates were ab
sent. 

Somewhere about 40,000 to 50,000 years ago, according to the best 
estimates of today, Man wandered north and eastward through the 
grasslands of Asia where there are many such natural passways. The 
Bering Straits were at one time a land bridge, and once he crossed 
this bridge he found a natural pathway of grassland into the heart 
of the Americas. In more detail let me point out the natural pathway 
of the Yukon and the Mackenzie Rivers, the many valleys rimmed 
by tall mountains just about all of which, and generally speaking, run 
north and south, and a bit eastward. Now note, that these grasslands 
in outward physical aspects are much the same throughout Asia and 
North America. In fact there are many plant and animal genera com
mon to both and, others although they differ taxonomically are quite 
similar in outward superficial appearance and habits. Thus Man, once 
he made the adjustment from jungle forest to grassland in Africa or 
Asia, needed no further acclimation for the grasslands gave him ac
cess, literally to the entire world. Nowhere that he went did he find 
the habitat too strange; the food, the shelter, the environment was 
essentially such as too make him feel "at home" wherever he wan
dered. For this, the "imprint" of a grassland climate with its attendant 
changing frequency of fire has been essentially the same for eons of 
time before Man. 

There appears to be no record that Man brought with him from 
the far reaches of Asia, Europe, or Africa any of the cereal grains 
with which he might have been familiar and which probably were al
ready useful to him. Man has repeatedly domesticated the grasses 
where he lived, in Asia, rice; in Euro-Asia, wheat, rye, barley, etc.; 
in Africa, sorghums, millets, and in the New World maize, and this 
domestication of wild grass cereals surely marks Man as a grassland 
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FIG. 7. Possible migration routes of early Man utilizing predominant grasslands 
in North America. 

210 



FIRE ECOLOGY --GRASSLANDS AND MAN 

211 



E. V. KOMAREK, SR. 

mammal. And it appears to me that all of these have come from re
gions where lightning caused fires were and are a major component 
of the climate. 

The ancestry of maize and the beginning of agriculture, has been 
of tremendous interest, to a great many investigators and yet refer
ences to the impact of natural occurring fires on both are non
existent. In maize we have a truly artificial plant unable to exist with
out the help of Man and it has been so for a long time. There has 
been much argument as to the possible ancestor of maize over many 
years. Recently, however, there have been investigations that appear 
to settle the fact that the ancestor of corn was an extinct wild grass 
with rather close relations to Tripsacum which at one time had been 
thought of as a possible ancestor (Mangelsdorf 1965). However, all 
seem to agree that primitive maize, as well as modern maize, teosinte, 
and tripsacum are all very closely related and cross with each other. 
The Maydeae have three representatives living today in North and 
South America, tripsacum, teosinte, and maize, and are all closely re
lated to the Andropogonaea. In fact so close that one genus Manisuris 
of this family is believed by some to have crossed with primitive maize 
and become Tripsacum (Galinat 1965). Teosinte is believed by some 
to be a hybrid between Tripsacum and maize. For the purposes how
ever of my thesis, and without getting into the stimulating arguments 
that have been going on for some fifty years or more, it is sufficient 
for me to point out that all apparently agree that the ancestor of 
corn was a grass, and that this grass in many respects was somewhat 
similar to Manisuris and Tripsacum. 

First a word about the Andropogonae. This family of grasses is a 
rather heterogenous mixture to some extent taxonomically, but it is a 
remarkable family because so many of its species, and the genus A1'/)
dropogan in particular, wherever found are known as grasses that 
are highly fire adapted or adjusted. Fire has been, and is being used, 
by cattlemen as a management practice for many species. These 
grasses, which are known to cattlemen in some regions as the blue
stem grasses, have a remarkable resistance to even rather hot fires. If 
any family of grasses can be called "fire grasses" the Andropogonaea 
certainly can be so called. The sorghums including sugar cane belong 
to this group. 

Now I note that Manisuris is considered the most advanced of the 
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Andropogonaea. It is an inhabitant of southern pine grasslands and 
thus to have been able to exist in these fire-climax vegetations, it must 
be highly adjusted to fire. They are perennial, slender, moderately 
tall, or tall grasses. The root systems of the southern species are well 
protected from fire. On the basis of chromosomes it has also been 
suggested that Manisuris cy lindrica, a grass of the southeastern fire
sub climax pine forests or grasslands, was related to Tripsacum (Gali
nat 1964). 

Tripsacum which at one time was seriously considered a possible 
ancestor of maize is now believed to be primarily a very close rela
tive (Sprague 1957) or a natural hybrid of maize and Manisuris a 
member of the Andropogon tribe and is apparently an ancient grass 

Galinat, etal. (1964) state: 

The differentiation of Tripsacum into nine diverse species dis::
tributedthroughout much of the New World suggests a consider
able age for this genus, perhaps as much as 2,000,000 years. On the 
same basis, Manisuris, would seem to be even older, an obvious 
requirement for the parent of Tripsacum, since Manisuris has dif
ferentiated into an even greater number of species (12 or 13) and 
has world-wide distribution. 

This grass, Tripsacum, is well distributed over the southern and 
eastern part of North America from Illinois southward into South 
America. The species T. dactyloides is at present found over the 
southeastern states but nowhere abundant, usually along ditches, wa
ter courses, and wet places, and where grazing is light or nonexist
ent. From about 1938 to 1941 a series of palatability tests with cattle 
on 25 native and two introduced grasses were conducted at the 
Coastal Plains Experiment Station, Tifton, Georgia by J. L. Stephens, 
Agronomist. Cattle were introduced into the plots where the grasses 
were growing. and they had access to all the varieties cafeteria style. 
T. dactyloides proved so palatable that the cattle eliminated it from 
the tests in the first two years because of its inability to withstand 
grazing. This grass is not frosted except by very low temperatures 
in the coastal plain region and remains palatable to cattle all winter. 
Since the introduction of domestic grazing animals some three centu
ries ago by the Spaniards and the constant heavy overgrazing under 
open range conditions until only a few years ago, it was never al
lowed to become very abundant. However, the open range in the 
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Southeast has been closed now for about fifteen years and Tripsacum 
is apparently becoming more common wherever the vegetation has 
been burned rather regularly. Thus it .has now become abundant on 
the Meridian Road in Leon county, Florida where .the roadway has 
been burnt annually. In one short stretch however, where a few 
cows are Staked out by their owners or where the roadway has. not 
been burned, it does not o,ccur. 

Tall Timbers Plantation, which is now our research station, has 
been relatively free' of . livestock except for short periods for some 
fifty years. Likewise the fact that the plantation borders on Lake 
Iamonia has kept the grazing pressure on the upland from being too 
heavy as this lake at low periods used to produce some of the best 
native pasture in this area. For 40 years or so, the annual burning 
of the plantation was so conducted as to leave a fringe of unburned 
vegetation adjacent to the lake. During this interval of fire exclu~ion, 
the vegetation had advanced in succession toward the climax forest 
of magnolia-beech and a scattering of magnolia saplings had becol"Iie 
established. About five years ago for purely scenic reasons, it was 
decided to open up this fringe between Sheep and Hall Islands along 
the shore so that the lake could be seen. The annual burning along 
this edge has been somewhat haphazard so that all areas were not 
burnt uniformly, and some spots apparently either had little fire or 
none at all. Thus we have an area of about ten acres of a burned 
and unburned mosaic of vegetation including the Tripsacum. Those 
plots that have had the most fire are very reminiscent of primitive 
"slash burn" fields by relatively unskilled labor in Mexico and this is 
where most of this grass occurs. The grass attracted my attention be
cause it appears to be one of the most fire adapted grasses I have 
examined and the individual plants, being large, look very striking 
next to burned logs or snags and they appear as if they had been 
planted. This species has a very wide variability in rhizome and un
derground root, varying from very bulbous in wet ground to rather 
slender and narrow on drier sites. Both the apical buds and the rhi
zomes are excellently protected from fire. 

This 10 acre plot of natural seeded Tripsacum has now been set 
aside and arranged in quadrats of about an acre or more for intensive 
study. Some plots will be burned in summer, some in winter, some 
will not be burned at all. Tripsacum also has what appears as a 
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FIG. 9. A "natural" slash burn in Tripsacum experimental plot at Tall Timbers 
Research Station. 

rather unusual ability to "pioneer" into the magnolia-hardwood for
est so that individual plants are found in somewhat dense shade, al
though not as robust, but still very noticeable with their rosette type 
growth against the hardwood leaves. Where the fire has reached oc
casionally they are more robust and more abundant, and where the 
fire has apparently been more regular or hotter the plants have 
formed small dense grasslands of Tripsacu711. Thus throughout this 
one area there are locations where the grass is altogether absent to 
where it is dense. One place where apparently a rather severe fire 
occurred the resemblance to a primitive "slash and burn" field is strik
ing. It would be but a small step in management from this to the 
typical "slash and burn" fields of southern Mexico. 

Tripsacu711 has still another feature that could have been of consid
erable value to primitive man. In common with teosinte, at least 
one variety of sorghum, popcorn, and probably some other grasses, it 
will pop very readily and the popped kernels are indistinguishable 
from small varieties of popcorn in both appearance and taste. Under 
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FIG. 10. Left-popped Tripsacum. Right-popped open pollinated strawberry pop
corn. 

the right kind of conditions the temperatures that occur in grass and 
forest fires are more than sufficient to have popped these seeds natu
rally. It should be possible to demonstrate this and will be attempted 
once we have Tripsacum grasslands of sufficient size to get the re
quired heat. 

Because of the importance that fire ecology may have in unravel
ing the origin of agriculture as well as the origin of many of our 
cereals additional areas will be planted to the various cereal crops and 
burned to see what actually does occur. We shall also try and get 
together those plants that might have a relationship as possible ances
tors to our cereals, if they will grow in our area, and see just what 
their relationships to fire are. As open pine stands of natural grassland 
occur adjacent we hope we can also study the effect of fire on some 
native grasses such as the Andropogons, and in particular Manisuris. 

This type of experimentation, coupled with experimental work in 
the laboratory, could open up many vistas of research in those "natu
ral experiments" that are all around us. 
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