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series of special educational inserts.

Little Climates

By E. LAURENCE PALMER

HREE MAJOR ASPECTS of what we shall call
- A “little climates” will challenge the interest of all of
us during the coming year. As this is written, only one
of the higher vertebrates has had firsthand experience
with one of these aspects—and she cannot be profitably
interviewed on the subject. Thousands of human beings
have been killed by the second aspect and many other
thousands have had minor experiences with it. It is
_possible (but we hope not probable) that most of us
may experience this second aspect unexpectedly in the
immediate future. As to the third aspect, it is certain
that all of us have had and will have experiences with
it throughout our lives.

In the interest of mastering outer space, we have
hurled a little monkey—protected by an elaborate little
climate-—far from the surface of the earth. If any of us
take a trip to the moon in the future, we will have
to be protected by a little climate more elaborate than
anything that has yet been developed.

Should a nuclear war break out, those of us who

ive will have to know how to find a spot where

r biologic needs may be met until the danger passes—
if it does. This possibility we elect to avoid considering
here. Instead, we hope to help you understand the
more universal and the more important little climates
that surround you as you read this—climates about
which you can do something and the understanding of

-which may well make you healthier, wealthier, safer,
and, it may be hoped, happier.

Through the co-operation of an air-conditioning
system and a gas furnace, the thermometer beside my
window reads approximately 70° F. throughout the
year. I enjoy looking through this window to another
that is at right angles to it, only a few feet away in my
living room. Between these two windows is an open
space in which the temperature may be as high as nearly
100° or as low as —20°. I do not enjoy these extremes
of temperature. If I look from the house through one
of these windows across the open space to the other I
notice that in the daytime the window nearest me is
light and the one opposite is dark.

When, in the spring, the temperature outside my
windows gets to about 50°, I frequently notice sluggish-
looking cluster flies on the outside woodwork. They
disappear when the temperature drops much below 50°.
They may be seen crowding against the outside of those
windows that are dark from the outside. If they manage

‘oget inside, they find that the temperature there is

ve 50° and they then try to get through the window
once more—this time from the bright side. Knowing
as I do that when the temperature is below 50° they
seek darkness and contact and when it is above 50°
they seek light and avoid contact, I can do something

~_ “about their management.

When it is bright and warm and the flies swarm
against my sunniest windows, trying to get out, I open
the windows and let them go. When it is cool and they
wish to get back in again, I close the windows—and
that is that. If we can control light, heat, moisture, and
the other factors mentioned in the following chart sec-
tien of this article, we can control a surprisingly large
number of things. Some of these must be controlled if
we, ourselves, are to survive,

If we wish, we may recognize three types of climate
on the basis of size. More commonly, writers distin-
guish between the climates of areas on the basis of only
two sizes. They say, for example, that the climate of
parts of a garden are “microclimates,” while those of
greater areas are “macroclimates” or just “climates.”
Here, we elect to consider only the climates of areas
under a cubic inch in size as being microclimates and
those of areas from a cubic inch to a thousand cubic
feet as being “little climates.” We can control condi-
tions in a climate of a single cubic inch rather com-
pletely. We can do much about a climate a thousand
cubic feet in size. But individual areas larger than that
call for pooled efforts such as do not concern us here.

In this study, we have sclected eighteen factors
that may influence any climate—large or small. In
our chart, we have indicated some of the more impor-
tant aspects of each. Since any of you can surely con-
trol the physical conditions in an area of a few cubic
inches, you might try to learn the effect of the factors
we will consider by simply changing conditions in such
an area and observing what happens. For example,
shut off the light, change the temperature or the pres-
sure of air, water, or soil on a given spot and see what
happens. Do this for a short or for a long time to see
if this factor of time has significance. Then investigate
the possibility suggested by other proposals.

SERIOUS competition seems to be developing be-
tween the agriculture of the U. S. and of other

“lands. Why, for example, can we plan our food pro-

duction so that twelve per cent of our population can
produce not only enough to feed us all but to accumu-
late embarrassing surpluses, while the U.S.S.R. uses
fifty per cent of its population to produce an inferior
return? Our success lies mostly in our ability to rec-
ognize significant little things in our environment, We
know that, with the proper use of fertilizers, irrigation,
cultivation, and labor, one farmer in good situations
can produce a bushel of corn for every three minutes

of human labor. We know that the land can produce -

corn with little rotation of crops with the help of fer-
tilizers that industry produces in part from the atmos-
phere. We know that chickens provide a superior means
of producing useful protein from corn but that they
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do not use effectively the non-fruiting parts of the
plant. We know that hogs and cattle can use this non-
fruiting part effectively in their diet. By little climate
management, we can control insects and fungi, and
produce hybrid seed, making this whole cycle possible.

It is doubtful if any readers will object to consider-
ing light, temperature, or pressure as factors of the little
climates. Obviously little climates can be most effec-
tively understood if we know about states of matter
and the physical and chemical nature of matter to be
found in our little climates. Most important changes
in little climates involve the physiology of plants and
animals, which, in turn, involve chemical and physical
changes that must be appreciated.

We elected to include sound as a factor in little cli-
mates not because it is as fundamental as chemical and
physical changes but because it may have more sig-
nificance than we might at first think. Offthand, we
speak of a neighborhood as being “nice and quiet” or
“noisy” and values attach to these differences. We go
to great expense to install mufflers and to use wall cov-
erings that are sound-absorbent, yet we rely on sound
for much of our communications and a good deal of
our enjoyment. By mechanical representations of nat-
ural sounds we can call animals to their death so effec-
tively that we have laws limiting this use of sound. We
use sound waves in surgery, in psychology, and in other
ways. Mechanically, we can magnify the sound of a
moth chewing wool to the point where it is audible to
us. If necessary, we could similarly magnify many other
sounds of nature that we cannot hear.

0 a considerable extent, the time element figures in
T the success of a little climate. Most of us can dive
safely into a lake, remain submerged for a time and
then come to the surface and renew our normal breath-
ing. Plants and animals of little climates vary greatly
as to the length of time during which they can suspend
breathing: survival may hinge on ability in this field.
The nature of such threats to an organism’s survival
is important, of course: a man or a louse might survive
a few minutes under water, where either could survive
only a few seconds in a blast of flame. Organisms vary,
too, in their ability to survive if a portion of their bodies
is subjected to a severe influence while the remaining
portion is not exposed. This happens particularly in
plants, in which—as in the common marsh fires, for
example—the underground parts may have the protec-
tion of the earth while the tops burn away. Sometimes
destruction of a part of an organism may be advan-
tageous and sometimes—as in the case of some pine
cones—exposure to a fire may be necessary if the seeds
are to be freed. Then, a little climate—protecting a
cubic inch or so of a plant or animal—may be all that
is necessary to perpetuate a species in a given locality.

Short periods of time in which protection is avail-
able are also frequently important in connection with
the breeding cycle. Eggs or helpless young may need
abnormal luck to come through the crises they expe-
rience early in life. Frequently these critical periods
seem to be synchronized with the times when nature
provides a maximum of protection. If alternate food
for an enemy is available in abundance for just a short
time, the individual’s chances for survival improve.
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F COURSE there are other material factors that must

be considered in understanding little climates. The
concepts of time and of the mechanical and phys
nature of matter, of light, sound, and pressure
important—but not so objectively evident as air, water,
and soil. Rarely in nature do you find air without water
vapor or mineral dust in it. It is almost as uncommon
to find water without minerals dissolved in it or with-
out air present in it. Our study then concerns these
things not as entities but as mixtures of different pro-
portions. Little climates will vary remarkably owing to
these differences in proportion.

If we look at almost any organism carefully, we will
probably find it tremendously influenced by either air
or soil. Some of the readers of these pages found special
interest in our previous mention of the kudzu and
crown vetch. We may be concerned about how fast
and persistently kudzu grows. We can see it increase
in length a foot a day and find that it penetrates the
soil to depth of over a dozen feet. A single runner
may grow as much as a hundred feet in a year. The
plant may yield three and one-half tons of hay to an
acre a year, but this may be insignificant compared to
the fact that a cover of kudzu can keep the soil tem-
perature down to 5° below what it is in an adjacent
field, and that the lower temperature means a reduc-
tion in the loss of moisture—a factor that could be of
the greatest importance. Most legumes establish a close
relationship with nitrogen-fixing bacteria. These assist
in fixing nitrogen from the air so here we have plants
that can penetrate the soil deeply, can use nitrogeng
the air, can keep the temperature down and redu
loss of soil moisture. Air, water, and soil are all nec-
essary to their existence and they bring the three to-
gether to perform useful functions. They make their
own little climates once they can become established
and these, if suitable to our needs, can be of great value,

The interrelationships between air, water, and soil
are remarkably close so far as concerns almost any of
the little climate factors here considered. Light will be
considered here as being available. But the light, strik-
ing the soil, may raise its temperature—causing release
of water in the soil to form vapor in the air. Earthy
materials in the air, in the form of dust, may be in-
volved in causing precipitation or may shut the light
off from the soil and cause a variety of changes of
importance. It is thus easier to think of combinations
of air, water, and soil than it is to find any one of them
in a pure, independent state. So important are these
three that we now have great numbers of persons and
organizations grouping together to guarantee that all
three may be available for a given area. We have water-
shed commissions, antipollution organizations, and
smog-control groups—all of them concerned with prob-
lems that may seem remote from little climates. Yet
each of their concerns is merely a magnification of
the same little units, which you may learn to under-
stand by experimenting in your home, your own b
yard, or in a few cubic inches of your garden. A si?
drop of water on unprotected garden soil may start a
cycle that, multiplied sufficiently and given adequate
time, could wipe out a continent or revamp one into
something quite different from its original state. If you
can and do dictate what that little drop will do,
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you can practically dictate the future of a country.
It may not be evident, but position is of great impor-

ts may demand elbowroom and a place in the sun

cause of increasing populations or decreasing stra-
tegic resources. We go to war over such matters and
so a study of how this expansion requirement can be
met without destructive changes is of great importance.

In our little climates this reaching out horizontally
for the necessities of life is often conspicuous. Birds
and mammals establish “territories” of their own, which
they defend at the risk of their lives. This is often asso-
ciated with the starting of a new generation and the
necessity of getting food for the young near the nest
or den. Men have more or less solved the transporta-
tion problems so that every city dweller does not need
his own cow barn and orchard to survive. Now if we
can increase the productivity of every little climate we
can reduce our worries about a safe future.

The human population in a large city may be phe-
nomenal if considered in terms of an acre of the earth’s
surface. We now put many in a room in a tenement
and make our tenements many stories high. In doing
so we change our demands for space on a horizontal
axis and look to the vertical arrangement.

The vertical arrangement of little climates is common
in nature, particularly where extremes are found. A
desert may be too hot to support many forms of life
at its surface. But, a few inches or feet underground,
conditions may be comfortable so far as temperature,

midity, and other factors are concermned. Conse-

ently, much of the desert animal life goes under-
ground during the heat of the day. Ants may build their
tunnels underground with separate layers at different
depths so that young can be carried to suitable regions.

Even outside, we find that there are temperature dif-
ferences at different elevations, which are most impor-
tant. A very few feet up a mountainside may mean

Qﬂce in understanding a little climate. National inter-

" some lowering of the temperature,

E speak of the values of “cover” in reference to
the aggregation of loose material, which is usually
common at the earth’s surface, and which forms a
boundary between solid earth and air. We recognize a
whole series of strata in a forest, from the canopy down
through underbrush and ground cover to topsoil, subsoil,
and bedrock. Each of these strata has its own little
climate or series of little climates and for the most part
its own appropriate populations of plants and animals.
In between demands for space on horizontal and
vertical axes is a combination of these, which we call
topographical axis or a slope, which is neither horizon-
tal nor vertical alone but a combination of these. Often
topographic distribution of little climates solves many
problems and often it creates many. Think of the im-
portance of slope in your neighborhood and you will
be surprised at what comes to mind. Erosion and depo-
ition of soil. The importance of steepness of slope and
the nature of the surface of a slope, all figure in
understanding little climates.

Position is of further importance if we consider its
orientation to different things—most frequently to the
sun. Living things find different problems if they live
on a north-facing slope than if they live on a south-

facing one. Their day may be reversed in some respects
if they live on an east-facing or a west-facing slope.
Even the length of the seasons may vary due to this
matter of orientation to the sun. Life in a little climate
may reach its peak of daily activity in the morning or
in the afternoon, depending on the exposure.

Of course, position is important if we think of its
orientation with water supply, with transportation facil-
ities such as paths or highways, with food supply, and
with sources of danger. Our human communities are
growing like wildfire along the routes established by
the throughways or superhighways. Orientation of
growth of anything is not limited to the position of the
sun, as important as that may be in many things. Cot-
tages along a lake shore usually face the water, not the
rising sun. Woodchuck dens are placed in or near
hedgerows with entrances in or through stumps, roots,
or rock piles; and the position of the sun, the slope, or
the vertical or horizontal crowding may have little to
do with it, though these may affect the story slightly.

E have neglected to point out so far the factor of

vc stability, which may dictate the nature of a little

climate. Neither you nor a deer can “bed-down” comfort-

ably in quicksand. An oriole may find a comfortable nest

site at the end of a swinging elm branch but such a
place would not please many other animals.

This stability of the immediate environment of a little
climate may find its most rugged crises in what hap-
pens on a rock that is exposed at low tide. The rock
may remain fixed but the environment shifts with each
breaking wave and with each change in the tide. The
rock can blister in the sun without shelter and an hour
later be submerged in a sea water. If we recognize the
environment and its inhabitants as making up a little
climate then a tidewater rock gives us an ever-changing
and a violently changing picture.

If we turn from an exposed rock in tidewater to an
exposed rock on a hilltop we may find another and an
interesting little climate. The chances are good that the
hilltop rock has some spots of lichen growing on it.
These lichens make little climates of their own. They
are, as you know, a combination of algae and fungi liv-
ing together with mutual profit. The fungus provides
a stable position, which the alga alone could not
achieve. The alga can use the sunlight and air to make
food, which the fungus must have to live. The fungus
may hold some water, which the alga also needs in order
to make food. All these factors and others, working to-
gether, create a little climate.

HE encouraging part about the study of little cli-

mates is that, the more we explore, the greater be-
comes our confidence that we can do something about
things over which we never dreamed we could have
any influence. The discouraging part is that, while we
know how to do many things to change little climates
on a wholesale basis, we find it difficult to get other
human beings to do what should be done to the part
of the earth’s surface that they control.

We know what should be done about controlling
wanton soil erosion. We know how such control may
be effected, but the proportion of the earth’s surface
that is wisely managed is decidedly small at present.
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The nature of a little
climate may be pro-
foundly influenced by its
topographic position,
that is, its position in re-
lation to the slope of the
solid surface. This may
be true on land or under
water. This may be more
important than position
on a horizontal plane or
on a vertical axis be-
cause slope affects sta-
bility considerably. The
disturbances owing to
the differences caused by
slope may be a handicap
or may be an asset.

Air is a factor that de-
termines survival of liv-
ing things in most large
and small climates. Air
has no definite chemical
composition and may
include many gases,
liquids, and solids, any
one of which may affect
the character of the air
and the associated cli-
mate. Air is not essential
to the survival of such
plants as the anaerobic
bacteria, and the multi-
plication of these of
course cannot be con-
trolled by shutting off
the air.

Water is essential to
most little climates and
its management may
provide most wanted
controls. While water
has a definite chemical
composition it is an ex-
cellent solvent and may
be affected by many sub-
stances taken into solu-
tion. The quantity of
water neécessary for the
survival of plants and
animals varies tremen-
dously and some animals
are able to get their
water supply in associa-
tion with the digestion
of their foods.

It may appear f
fetched to consi‘
sound as an elemen

any climate, large or
small, but this may be
owing in part to the fact
man’s experience in the
sound world is consider-
ably circumscribed by
his limited facilities for
giving and receiving
sounds that are defi-
nitely significant to other
organisms. We cannot
hear the sound the robin
hears, the earthworms
make in the lawn or the
echo that guides the bat
in its flight, but we rec-
ognize their existence.

DIFFERENCES

Slope is generally ex-
pressed in percentages.
If there is a drop of one
foot in every ten feet of
horizontal space, the
slope is referred to as a
ten per cent slope. A
slope of one per cent
may be of major impor-
tance in managing farm
land under some condi-
tions. Ability to master
the task of going up a
slope and to resist the
pull of going down a
slope are important. We
can easily walk up a
slope prohibitive to a
railroad train.

Hazes, smogs, fogs are
caused by particles of
liquids or solids or both
held in suspension in the
air. They may, by shut-
ting off sunlight, greatly
affect the nature of cli-
mates large and small,
particularly where sur-
vival conditions are crit-
ical, Combustion may
remove oxygen from the
air and free into it great
quantities of carbon di-
oxide. Smelter wastes
discharged into the air,
volcanic action, and
other phenomena great-
ly affect its composition.

The particular sub-
stances like lime, salt,
acids, which may enter
into solution in water,
may determine the par-
ticular values of that
water to living things,
both in large and in
small units. Pure water
may be less useful to
living things than water
with some substances in
solution. Pollution of
water is a major prob-
lem of civilization, as it
is coming to be for air,
and many communities
have to use and re-use
their water supply.

Unlike heat and light
waves, sound waves re-
quire an elastic medium
for transmission and
sympathetic elastic
structures for their re-
ception. The range of
sensitivity to sound
waves and of ability to
produce them is often
highly limited in differ-
ent organisms and is
rarely common to most
of the population of an
area. Sound waves can
produce pleasant or un-
pleasant sensations and

each has its role in as
ciated animal behavi

ADJUSTMENTS

Any substance like a
liquid that does not have
a fixed shape will, if
placed on a slope, tend
to change its shape and
move downhill. The
steepness of the slope
will determine the speed
of the downhill move-
ment and the ability of
the moving substance to
carry other substances
with it. When the move-
ment is stopped, the load
is dropped. Erosion and
deposition result from
this situation, whether
the moving force is
water, moving soil, or
moving air.

Air in motion changes
the nature of climates,
large or small. Motion
may be necessary and
certainly is useful in
mixing airs of different
composition. Since or-
ganisms cannot exist if
dependent on their own
wastes, such changes as
those caused by motion
are important. Many
animals provide by
breathing the necessary
motion to change the
gases. Some plants and
animals store useful air.
Others reach it by spe-
cial periscope-like de-
vices.

Water in motion both
solves and prevents the
development of prob-
lems. From time im-
memorial streams have
been used to flush wastes
from congested popula-
tions. Violent wave ac-
tion may upset little
climates that may have
reached a comfortable
equilibrium and eroding
streams may change the
nature and problems of
a spot completely. Man-
agement permits useful
changes in the position
of underground water
and may sustain agricul-
ture thereby.

Sounds serve effectively
in bringing organisms
together to satisfy food
and reproductive needs
and to effect co-opera-
tion of large numbers
of a kind of organism.
They also serve to warn
of the presence of ene-
mies, of sources of
danger in the physical
world, and to induce
fears that may or may
not be justified. They
often have a decided
psychological effect and
are used for these pur-
poses. They even have
a therapeutic effect at
times.

EXAMPLES

While valuable topsoil
may be lost by the ero-
sion caused by moving
water, air, or soil, and
values may decrease cor-
respondingly, we know
that by management of
plant cover and animals
topsoil may be built
from subsoil at the rate
of nearly one-half inch
a year. So, proper man-
agement of changes that
take place on slopes is
not only of academic
value in understanding
little climates, but of
strategic value to the
wealth of the land.

Air conditioning has be-
come a household word
for controlling the cli-
mate of a small area in
which we can live in
comfort. This usually
involves both the tem-
perature and the hu-
midity of the air. By
management, a degree
of control can be ef-
fected for many small
areas. Tree- and grass-
planting, circulation of
air and water, the di-
verting of wind paths on
major or minor scales
may be a part of the
management of air and
little climate control.

Distribution of fishes is
often definitely governed
by temperature and asso-
ciated climatic condi-
tions. In deep bodies of
water there may be three
zones placed one above
the other, with the
middle zone or thermo-
cline bounded above by
a layer high in tempera-
ture and rich in gases
and life and shifting
readily, and below by a
lower lake poorly popu-
lated, often stagnant in
summer, and with little
circulation.

There is every reason to
expect that the use of
sound waves in the man-
agement of small areas
will increase as our
knowledge improves.
Sounds can be photo-
graphed and reproduced
from the photograph
even to the extent of
details that cannot be

detected by the hu
ear. We may all Z‘ﬁ
into this study by 1

ing what our own hear-
ing range may be,
interpreting obvious
sounds of significance
and considering their
origin and production.
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ight and its absence,
kness, may be di-
ted, controlled, and
used as tools of major
importance in manage-
ment of large or small
climatic units. Of para-
mount importance is the
ability of visible light to
assist in photosynthesis,
which takes place in
green plants and forms
the basic food for all
plants and animals.
Traveling at 186,000
miles per second its ef-
fect is practically instan-
taneous.

Heat is a determining
factor in the nature of
any climate, large or
small. Fortunately, heat
waves may be directed,
created, absorbed, re-
flected, refracted, and
rejected in varying de-
grees and, so, may be
controlled and used for
the modification of al-
most any environment.
Temperatures even of
large areas may be af-
fected by the manage-
ment of adjacent areas.
Heat may come from
the sun or be variously
generated.

Whether it is in the air,
the water, on the ground
surface, or underground,
the pressure an environ-
ment exerts on the or-
ganisms living in it is
both a determining fac-
tor in their survival and
a means of controlling
them at times. Air,
water, and earthy mate-
rials have weight, which
may be exerted with
telling effects on con-
tact organisms. Many
organisms can make
minor necessary adjust-
ments.

Horizontal position is
sometimes of major im-
portance in determining
the success of a little
climate. Among the im-
portant factors here are
distance to food, dis-
tance to safety, ability to
master horizontal space,
distance to peaceful ex-
istence, distance to free-
dom, distance to water,
room for expansion in
competition with own
and associated species,
ability to remain fixed if
the environment is in
motion, as in a river.

Ability to appreciate
and to master vertical
space can determine the
success of a little cli-
mate. Roughly the tem-
perature drops about
3° F. for every change
of 1,000 feet in eleva-
tion. But, in any given
area, the temperature
differences may be even.
greater if soil, water,
and air are to be found
on the vertical scale.
Above and below snow
crust on a wintery day
differences of many de-
grees may exist in less
than an inch.

Light may be absorbed
by dark surfaces, re-
fracted by transparent
substances, and reflected
by opaque smooth sur-
faces. It may be broken
up into the various col-
ors of the spectrum,
each of which may vary
in its effect on life and
to each of which or-
ganisms may have speci-
fic reactions, depending
largely on the sensitivity
of special, light-recep-
tive organs, particularly,
insofar as animals are
concerned.

There is a close associ-
ation between light and
heat and there may be
some association be-
tween sound and heat.
Important in the under-
standing and use of heat
are the facts that it may
be conducted, insulated
against, that production
of heat may be accom-
panied by the loss of
heat, that heat may be
associated with the ex-
pansion and contraction
of materials and affect
the volume and weight
per unit of volume of
substances.

Changes in pressure may
be effected by changes
in temperature, expo-
sure to sunlight, compo-
sition, position, chemi-
cal and physical condi-
tion, condition of asso-
ciated areas, mechanical
means and impact.
Weather in large or
small climates is highly
sensitive to pressure dif-
ferences. For these dif-
ferences special ma-
chines, such as barome-
ters, hydrometers, and
other devices, have been
developed and are in
constant use.

If supporting and con-
suming agents in a hori-
zontal position in a little
climate can change posi-
tion they may be able to
survive. This change
may be only minor if
food and other necessi-
ties are abundant and
within reach. A bird in
a nest may be able to
reach out and get a meal
without moving from
the nest but a nation
may feel called upon to
go to war with a neigh-
bor if sufficient elbow-
room is not available.

While many plants and
animals may become
part of great horizontal
seasonal migrations,
other organisms find
equal success by being
able to move vertically
underground, not only
in different seasons, but
at different times of the
day. This is particularly
evident in deserts where
great populations of ani-
mals live underground
during the heat of the
day, but above ground
in the cool of the night.

Animals or plants or
their parts may react
positively toward
sources of light or nega-
tively away from them,
but these reactions may
be affected by other fac-
tors such as tempera-
ture, humidity, gravity,
and so on. Light condi-
-tions in the immediate
environment of an or-
ganism may be of para-
mount importance in
determining its prosper-
ity or survival in larger
climatic units.

Most organisms have
critically high and low
temperatures beyond
which they cannot sur-
vive and these may be
used in control or in
protection. Temperature
is often significant in the
feeding, breeding, mov-
ing, growth, and matur-
ity of some organisms
and its control may be
important in the man-
agement of organisms so
affected. Many animals
have constant body tem-
peratures, which must be
protected for survival.

The populations of areas
are commonly stratified
in accordance with vari-
ations in pressure and
these are particularly
evident in air and in
water. Each stratum is
in a way a little climate
with its own physical
properties and appropri-
ate populations. Organ-
isms frequently have
structural devices appro-
priate to adjustments to
changing pressure, as,
witness the air bladder
in fishes, special struc-
tures in whales, and even
some in plants.

Horizontal room re-
quirements vary with the
ability of an organism
to move about by
stretching, crawling,
walking, hopping, swim-
ming, or some other
means of locomotion.

Development of posses-

sion of or improvement
in the use of organs of
locomotion can mark
the measure of survival
success of a plant or ani-
mal. Even plants sprawl
wholly or in part over
adjacent territory to sur-
vive. Some attain simi-
lar results by riding
other creatures.

Changes in vertical po-
sition not only bring re-
wards through changes
in temperature, but they
disclose useful differ-
ences in water abun-
dance, food abundance,
and freedom from dis-
turbance of dangerous
neighbors. As was the
case in mastery of hori-
zontal space, so, many
organisms attain desired
conditions in small cli-
mates by the extension
of parts of their bodies
to nearby suitable sur-
roundings. '

At temperatures above
50° F. cluster flies go
toward light and below
that point they avoid
light. Above that tem-
perature they avoid con-
tact; below it, they push
against contact. Know-
ing these facts try to
explain the behavior of
these common flies on
the inside and outside of

window during spring
nd autumn. Does your
behavior in any respect
hinge on these tempera-
tures?

Start the practice of
mapping an environ-
ment and its smaller
parts by the use of ther-
mometers to recognize
the effect of tempera-
ture on populations, on
humidity, on hardness.
Experiment with insects
in thermometer-contain-
ing bottles to see what,
if any, differences in
behavior may be associ-
ated with temperature.
Note the effect of tem-
perature on the growth
of plants and the causes
of varying temperatures.

Notice how freezing
causes roads, lawns, and
other areas to heave,
possibly rupturing
plants in the process and
killing deep-rooted
forms unless their parts
are pushed back to-
gether by the customary
spring rolling of the sur-
face. Notice how plants
vary in the ability of
their young spring
growth to resist freezing
and how some insects
apparently are not af-

fected by the freezing

pressures, which so ob-
viously affect others.

Look at almost any
horizontal space and
notice how in nature it
varies and how suitable
organisms occupy ap-
propriate space and how
successful societies are
composed of the various
elements needed for sur-
vival. Any large or small
map shows places where
specific things may be
found and reasonable
planning must be made
as populations increase
and available horizontal
space vanishes.

Where suitable climates
of small or large size
can be placed serially
above each other, the
demand for horizontal
elbowroom decreases.
Skyscrapers in our big
cities are supreme eXx-
amples of how man has
used this principle to
permit a maximum pop-
ulation to survive in a
given and expensive hor-
izontal area. We even
park cars one above the
other to save the neces-
sity of using horizontal
space. Ants and wasps
in nests build tiers of
living quarters.
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Although we recognize
the major importance of
compass-dictated posi-
tion, we here elect to
include the relationship
of little climates to spe-
cial influences—such as
bodies of water, valley
winds, and special situ-
ations caused by unus-
ual vistas, gorges, parks,
and so on. Position in
relation to a body of
water or periodic wind
path may be more im-
portant than position in
relationship to the sun
in determining the na-
ture of a little climate.

Two different worlds ex-
ist above and below the
ground surface but each
may affect the other.
Locomotion for plants
and animals is relatively
limited below ground.
Circulation of air and
water is not necessarily
free. Commonly, there
are distinct strata with
the humus-laden topsoil
being the most impor-
tant to agriculture and
the deepest areas most
important to mining and
associated geological
fields.

The prevailing state of
matter in an environ-
ment determines in part
the large and small cli-
mates found there, par-
ticularly as these change
from one to the other
under varying condi-
tions. Ability of an or-
ganism to exist as a
solid, as a colloid, as a
liquid at different stages
of its life cycle makes it
possible for such an or-
ganism to survive when
these states of matter are
appropriate. They also
have significant exist-
ence in parts of the
physical environment.

Since organisms often
make up much of
content of little clim:
areas and since orga
isms have specific chem-
ical needs, the chemical
nature of an environ-
ment may dictate the
nature of the little cli-
mate. Much of this may
be significant if the
senses are used, even
though critical differ-
ences may be recognized
only by more precise
methods. Changes in the
role of chemistry in all
affairs have been revo-
lutionary even in little

- climates.

DIFFERENCES

Other things being equal
(which they rarely are),
the directness with
which the sun’s rays
strike the ground affects
the ground temperature.
Obstacles, such as hills,
buildings, forests, may
reduce the total amount
of light striking the
ground in a day and re-
duce the temperature ac-
cordingly. Changes of
the seasons and time of
day and slope of the
ground all affect the
temperature of a given
spot and its little climate
as well.

Topsoil is usually com-
posed of rich mixtures
of finely fragmented
rock, of penetrating
plant root systems, of
animals large and small,
capable of making their
way through the soil to
a degree and, possibly
most important of all,
populations of minute
animals and plants that
work on the soil parti-
cles permitting the ex-
posure of new surfaces,
renewed oxidation, and
eventual enrichment of
the soil, and the conver-
sion of subsoil into top-
soil.

Early stages of plants,
resented by seed, and
of some animals, repre-
sented by eggs, may be
hard and dry and cap-
able of surviving condi-
tions the growing organ-
ism could not tolerate.
With the addition of
water the solid may be-
come colloidal, capable
of changing shape and
volume, of using food
material, and of growth.
This may be accom-
panied by stages where
liquids are prominent in
food making and trans-
portation, and gases in
food consumption.

Conspicuous biological
societies based on chem-
ical differences are salt
marshes, alkali deserts,
peat bogs, and the rea-
sonably informed ama-
teur may recognize the
plants and animals asso-
ciated with lime, with
S‘l;lif)hur, and other chem-
icals. So significant are
some of these associa-
tions that explorers even
from the air have prof-
ited by tracing mineral
veins through observing
where pertinent plants

have developed.

ADJUSTMENTS

In most of the Northern
Hemisphere, for much
of the year, the sun
never strikes the north
side of a post, tree,
house, or mountain.
Certainly it does not
strike there at noon and
s0 wherever there is
such a spot it remains a
little climate in which
organisms dependent on
some direct sunlight
cannot exist, and it also
remains a spot in which
organisms that are killed
by direct sunlight can
exist, unless reflected
light is more than ade-
quate.

The work of creatures
underground lets in air,
water, and organic ma-
terial. Even the growth
of a root may introduce
organic material into a
place where it had not
been. The evaporation
of water from the sur-
face of soil calls for re-
placement by water that
is beneath it and this is
responsible for some
movement of materials
from beneath the orig-
inal water and contrib-
utes to a number of
valuable changes.

Understanding of little
or of large climates de-
mands ability to recog-
nize and to have basic
understanding of solids,
the gels and sols of col-
loids, liquids represented
by or in solutions,
emulsions, and mix-
tures; solids surrounded

by liquids in muds and |
slimes, floating in a gas’

as smoke; liquids float-
ing in a gas as a fog and
the existence of free
gases in liquids as foam.
All these are represented
in nature and in the
techniques used by man
in managing nature.

Of course the use of
chemicals in modifying
a little climate is wide-
spread. Lime, fertilizers,
salt, insecticides, fungi-
cides, oils, all find their
place in this manage-
ment program and all
carry with their use dan-
gers that are both direct
and remote. While fung-
icides and insecticides
are almost necessary in
agriculture, some leave
residues that are accu-
mulative and may in
the long run cause a
useful area to become
useless.

EXAMPLES

Fortunately, in many
cases man will usually
place his house so that
sunlight falls in a fav-
ored room an elected
length of time and
elected number of days
if nothing clocks the sun;
and if he seeks to raise
grapes, for an example,
he can select an expo-
sure where the condi-
tions are right; but often
man overlooks these
points, which can meas-
ure the difference be-
tween happy, profitable
living and monotonous
existence

The burrows of animals
provide superior retreats
for their builders both in
times of severely warm
and severely cold
weather. Root cellars il-
lustrate one use man
makes of the heat-insu-
lating qualities of the
earth. The temperature
of springs that come
from deep in the earth
or from shallow sources
indicate temperature
variations in the earth,
which are used for vari-
ous purposes.

Prepare your own check
list of various states of
matter. Then apply it
to the stages in the life
history of any plant or
animal to note how each
state or combination of
states is appropriate for
existing in prevailing
conditions, or how each
may be affected by
changing conditions.
The very ability or in-
ability of solid plants to
use gases, liquids, solu-
tions, and the like may
be sufficiently thought-
provoking to initiate
profitable experiences.

The study of the effects
of chemicals on little
climates lends itself to
widespread and profit-
able experimentation
even by amateurs.
Sometimes significant
observations have been
made based only on ac-
cidents. Gasoline spilled
on a lawn, salt dropped
on plants may produce
conspicuous results. P
lution of soil, water,
air by the introductio;
of wastes from industry
and from various man-
agement-of-soil practic~
es have grave effects.




MoLEcULAR, MAGNETIC,
ELECTRICAL INFLUENCES

STABILITY

INDEPENDENCE

SuorT-TIME CYCLES:
Nor Over ONE Day

Lone-TiME CyCLES:
Ovier ONE Day

ough electrical and
agnetic influences may
e great in little cli-
mates, it is difficult to
determine which is the
most significant. The
most spectacular may
not necessarily be the
most significant. We are
told that many tragic
forest fires are caused
by electrical storms but
these are relatively un-
common and infrequent.
More important no
doubt is the role played
by electrical or mag-
netic phenomena in
maintaining colloids es-
sential to life.

Stability is a factor that
greatly determines the
nature of any large or
small climate and of the
organisms that live in it.
But for the movement of
air and water, weather
as we know it would
not exist. Significant
movements may be
made by the environ-
ment itself or by parts
of it, or by organisms in
the environment or parts
of them, and importance
attaches to the degree
of movement of each.

As in the physical and
biologic fields, it is also
safe to say that true in-
dependence of little cli-
mates does not exist.
However independent
an animal may seem to
be it is dependent on
other animals or on
plants for food; the
plants are dependent on
solar energy, water, and
other essentials. Simi-
larly, a little climate is
dependent on associated
climates for its survival.
It may take air, water,
mineral nutrients and it
may take the associate
losses.

Time is an element that
must be recognized
along with chemical and
physical differences in
little climates. Situations
of short duration can be
as effective as those re-
quiring a longer time in
producing changes. A
modern military bomb
will produce more
changes in a few seconds
than the erosion of rock
by weather during cen-
turies, and yet each
must be recognized.

Planning a program of
living for many. organ-
isms over a period of
time longer than a day,
a season, or a year does
much to assure desired
developments, and may
be as important as the
development of superior
structures associated
with living. Spectacular
rewards have come from
understandings that
have led to hastening
the maturity of domestic
plants and animals
through environment
management and, sub-
sequently, extending the
life span of man.

The whole physiological
process is dependent
largely on the existence
and functioning of col-
loids, solutions, emul-
-sions, and similar states
of matter in which in-
finitesimally small units
of essential materials
are commonly held in
suspension in liquids in
such a form that they
may be used easily and
variously. More spectac-
ular of course is the
discharge of electrical
energy in a thunder-
torm which may in-

lve friction caused by

oving air.

Changes in position may
be effected by the influ-
ence of outside forces,
as the moon affects the
tides, which involve mo-
tions that determine
many of the problems
of survival of influenced
organisms., Similarly
wind, shifty earth, and
moving animals and
plants must be consid-
ered. The little climates
of a game trail may vary
greatly from those of
adjacent territory, and
the ability of plants and
animals to survive im-
pact on a beach or a
lawn may be important.

Biologists recognize
symbiotic relationships
in which two or more
organisms are mutually
dependent with no loss
to either; parasitism in
which one organism
lives solely on the loss
of the other; saprophy-
tism, in which an organ-
ism exists on the dead
bodies or wastes of
another, and commens-
alism, in which organ-
isms may be dependent
on one or more others
without destruction of
the host. Similar rela-
tionships exist between
little climates.

Some specific, signifi-
cant short-time se-
quences might involve
the following; respira-
tion and ability to sur-
vive without it, the
length of time an or-
ganism can survive
intense heat, great phys-
ical pressure, or extreme
cold and low barometric
pressure such as are to
be found at high alti-
tudes. Important also is
the percentage of an or-
ganism’s body that may
be adversely affected
without critical results.
Ability to survive desic-
cation is important.

Some of the long-time
span areas in which we
have made progress, but
can make much more,
are the time necessary
to restore exhausted
soils to productive ca-
pacity, the time required
and the food needed to
develop individual ani-
mals to maximum use-
fulness, the time neces-
sary to restore to pro-
duction burned-over
forest lands or destruc-
tively flooded lands, the
time required to bring
a flock of hens, an or-
chard, or a fish pond to
produce at maximum.

It may seem a bit ex-
treme to note it, but the
bulldozer and power
farm machinery are
making and eliminating
more little climates each
day than ever before.
These machines are, to
be sure, powered by
fuels but their function-
ing involves the wise
use of electrical energy
in their electrical sys-
tems. Eliminate this
from modern industry
and agriculture and we
would be forced of ne-
cessity to let nature take
over the making and use
of little climates.

While many organisms
move freely with their
immediate environment,
some have parts that re-
main fixed, others move
about or maintain a root
system in an area fa-
vorable for those plant
parts, but the stems and
leaves have freedom to
shift to areas where the
needs of these parts may
be better met. These
plants may be living in
two little climates at the
same time, one stable
and the other unstable.

If we recognize as ele-
ments of climate or
weather the units men-
tioned, we must recog-
nize how closely any one
is associated with
another. Change in tem-
perature causes change
in pressure, due to
change in volume, and
this may automatically
cause a change in hu-
midity. These changes
may vary with their ori-
entation with the sun,
with the air, and with
the changes that take
place in the immediate
vertical or horizontal
neighborhood

The sensitivity of organ-
isms and of parts of or-
ganisms to harmful or
helpful influences for
short periods of time
can be highly important.
Under what condition,
for example, can the
root hairs of a plant re-
main exposed without
their destruction, and
for how long? Values
exist and can be recog-
nized in the establish-
ment of habits of eating,
resting, and working
that may influence the
success of a variety of
organisms in little cli-
mates.

Increased knowledge of
genetics has provided a
maximum of help in im-
proving our mastery of
long-time problems of
plants and animals. We
have changed the breed-
ing period of plants and
animals, have learned
how to produce them so
that they will grow in
what may have been un-
suitable soil, how to be
sure that the offspring
will arrive when they
may be most efficiently
brought through critical
times of the year, and be
disease-resistant.

L. H. Bailey in his verse
on “Mother Mud” al-
ludes to the importance
of the situation when he
writes, “And ev’ry b1rd
and hoof and bud in
godly part and sacred
sum proclaim the kin-
ship of the mud.”

Try to interpret in the
nature of different little
climates the appropri-
ateness of the move-
ments of animals, or
plants, or their parts. A
flower turns toward the
sun, a part of an apple
tree is pruned making
conditions different for
adjacent parts and per-
mitting improved pros-
perity to the plant as a
whole and to its owner.
The ramifications of
this whole situation
should be sufficiently
challenging for a long-
sustained exploration.

In terms of their effect
on little climates, con-
sider the everyday things
we do in which the im-
mediate and most im-
portant thing done is to
control the climatic con-
dition in the immediate
environment of a living
thing. Notice how agri-
culture, medicine, den-
tistry, and even industry
are dependent on little
climates that are asso-
ciated with them.

Ability to react quickly
to changing conditions
is rewarded promptly by
victory in athletic events
and through practice
may be improved. Many
organisms that cannot
react promptly to new
situations find them-
selves destroyed. Much
effort is spent in train-
ing organisms to per-
form certain functions
in a minimum of time to
the end that mainte-
nance costs are reduced
and profits forthcoming.

Ability to predict with
reasonable accuracy sit-
uations that may be ex-
pected to develop bi-
ologically, geologically,
and statistically offers
great rewards for intelli-
gent behavior. Forestry,
agriculture, medicine,
animal husbandry have
shown phenomenal im-
provement over long
periods of time.
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nature IN THE SCHOOL

Tms study of little climates should be useful in
school for the phenomena with which it is con-
cerned may be created in any schoolroom at any time
with the simplest of equipment. Yet these simple ex-
_periments point out principles that are involved in the
whole field of study concerning organisms in relation
to their environment. We can do little about the climate
of Africa, of Patagonia, or of Arkansas. We can, how-
ever, create in a couple of fruit jars conditions of tem-
perature, light, humidity, and the like that simulate
conditions to be found almost anywhere in the world
at any time of the year. We can with a simple twist of
a bottle turn night into day, winter into summer, wet
weather to dry. We can put animals and plants into
these little climates and observe how they respond.
"Through these activitiecs we may well gain a better
understanding of large and small climates than we could
—through the reading of many books or attendance at
many lectures. Here’s how.

Take two metal-topped jars. Remove the tops and
place the tops back to back. With a strong knife or
tinsnips, cut a cross in one of the tops (illustration).
Using this cross as a guide, mark an identical cross in
the other top. Cut this cross, also, and place the two
tops so that the free portions of the cross coincide. Push
two opposite angles of the cross one way and the other
two angles in the opposite direction so that the two tops
are locked firmly together back to back. Put the bottles
back on the locked tops. This equipment is all that is
really needed to do the basic work of climate study.

If you cover one of the bottles with a piece of black
cloth, you have one bottle in which night conditions
are simulated. The other may have conditions of the
day. Put some free fruit flies or cluster flies in either
one of these bottles to see if they prefer conditions of
light or of darkness. Can you, by controlling the light,
control the behavior of the flies? If you can control the
behavior of the flies in the bottles, what can you do to
influence their behavior outside? Knowing what these
flies do in response to light, figure out how you can use
light to move the flies from one room to another. Try
out your ideas to see if they work. If they do not, then
try again with some changes that may occur to you.
Read the column on “Light” in the chart section
(see p. 37), and you may get a suggestion.

If you wish to see what effect temperature may have
on the behavior of flies in your little climate, then raise
the temperature in one bottle and lower it in the other.
An easy way to raise temperature is to fill a hot water
bottle with warm water and place it on one bottle. By
‘putting cold water in another hot water bottle and put-
ting this on the other bottle you can get a cold climate.
Now fool with these climates and the flies to learn
what you can from what you see. You might try plac-
ing a hot bottle on top of your experimental bottle
and a cold one beneath it to see if the flies show any
preference. Using light and temperature—or either—
can you get all of the flies to move into one bottle?

It may be worth your while to see between which
temperatures your flies are active. Certainly, you can
make it too cold or too hot for them. After you have
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~ humidity, put a small wad of wet tissue paper in one

decided—through your bottle experiments—what tem-
peratures your flies prefer, keep watch outside the bottle
to see if the flies behave the same way outside as the; ok
did inside. You may wish to try any of the insects y: 5
can find on a schoolroom window to see what tempera- ‘
ture ranges they prefer. Try wasps, cluster flies, large
bluebottle flies, or ordmary houseflies. You will surely
notice some differences in the responses of these insects.
If you wish to use your bottles to experiment with
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of the bottles, Beneath it, one the outside, place a hot
water bottle filled with hot water. Over the top place a
hot water bottle filled with cold water. After a while, you
will noice that a cloud of vapor forms inside the bottle.
Is this vapor near the source of cold or near the source
of heat? Reverse the positions of the hot water bottles
to see if you can make the vapor form on the lower
or on the upper side of the experimental bottle, Try
to explain what you see.
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AVING LEARNED a bit about experimenting with
H living animals—such as flies—try your luck with
other animals. A wood frog may change its color
within an hour if it is put in darkness. Put one of these
frogs in a darkened bottle and another in a lighted
bottle and leave the two for an hour. When they are
put side by side what color differences can you note?
You might like trying to cover just the eyes of your
frog—to see if the color change is due to the light to
which the eyes are exposed. What do you conclude?

If a fly hangs around the bald head of a person in a

lighted room in the evening, why do you suppose it -
secks the head rather than a dark part of the room?
If you wish to swat the fly why not illuminate some
light area like a refrigerator door to which the fly may
go, using a flashlight to pinpoint the spot? You may
be surprised to find that the fly obligingly goes to the
place where you want it. It may then be controlled by
whatever means you prefer. The best part of it is that
you have done this by learning how to control the
behavior of a living thing,

These simple experiments, and those that they may
inspire, will help you learn much about living things
and little climates. The experimental materials need
cost you little. The animals for the most part come to .
you whether you want them or not. You need neither
kill nor harm your experimental animals. Yet what y
learn can be useful in many ways. R

Dr. E. LAURENCE PALMER, for many years director of
NATURE MAGAZINE’s educational program, contmuw his
special inserts in the pages of the combined magazines.




