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“he school yard), and guestions that might be asked at esach loca*ion.
A bibliography related %o the topics discussed is provided. The first
part of the bibliography pr2sents an znnotated list of materials for

. the teacher; the sacond part provides lists of children®s books.
Although *his harndbook was prepared for use by teachers using the
MINNZMAST materials, it can bz us=d independently of the cther
materials. (SD)
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The Minnoesota Mathematics and
Science Teaching Project
developed these materials
under a grant from the

National mcmv:aw. Foundation.
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This second edition of 1ywving Things in INeld and Classroom
is based on the 1967 edition, which was designed to scrve
as a supplement to the MINNEMAST curriculum umts, and to
insure that living thinas might be available in the classroom
when called for 11 the curriculum.

Except for the rights to materials reserved by others, the publisher
and copyright owner hercbhy grants permission to domestic persons of
the United States and Canada for use of this work withoovt charge in
English language publications in the United States and Canada after
July I, 1973, provided the publications incorpeoraling materials covered
by these copyrights contain acknowledgement of them and a statement
that the publication is c¢adorsed neither by the copyright owner nor the
National Science Foundation. Tor conditions of usc and permission to
nse materials contained hercin for forcian publications or publications
in-othbr than the English Janguage, appheation must be made to: Officc
of the University Attorney, University of Minnesota, Minncapohs,
Minnesota 55455,
i Any opinions, findinas, conclusions or recommendations
expressed-herein do not nocessanly reflect the views of
the National Sciecace Moundaiion or the copyriaht holder,

2 1967, 1969 miersity af L Hesota, Al v bt reseree
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Young children are omao:m by naturc, They arc cos-
pccially intrigued by living things. It they are

givrn direct, firsthand experiences with plants and
anircals in the ecarly grades, their curiosity will be
nurturcd and cnhanced, and they will come to more .
advanced learning activities with a background of
pleasant and instructive expericences,

So that you may best provide these expericences, we
have prepared this handbook to help you maintain

living things in your classroom, and to help you

coordinate outdoor tecaching with your indoor curric—
vion.

N

You will find much more matcrial in the following
padges,than yvou can possibly use during a single
school vyear., Sclect those activities that suit
vour needs and are practical within the limitations
of vour classroom and community, It 135 not the
number of specimens in vour classroom that s
important. It 15 the educational use to which
thev are put that counts,

8
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PREVIEW OF THE HANDBOOK

h H

Browse through the handbook to get a sense of what
is in it, how it 1s organized, and the ways in which
it can help you,

At the beginnings of Sections | and 2 you will find
information about classroom gardens and zoos that
you ~hould read at the very beginning of the school

o year, hecause there are projects you may want to
start at once. cfach of these sections gives practi-
cal suggestions for keeping living things in the
classroom — what kinds. of organisms are suitablo,
and how chey can be kept alive., -

Section 3 offers help for those unc.ipecten » or cnts
when children bring things 1n — ~orments that ~oul
lead to exciting learning QMpPETionce s or o

nissed opportunitics, depending on Fow ou coros
the situation. “You ~ill find suagestions for roetio
discussion and activities, and quides 1o dciarltoed
cxamination and identification of the suecimons,
together with suggestions about 1what o do with

-them afterwards.

Some of the things children bring in way findg their
vay into the classroom museur. Section suGyests
how to make the museum more than a shelf fuli of
dusty, ill-assorted objects. We outline a technigue
for organizing exhibits around corimon propcrtics or
other cignificant relationships among obhjects.,

Section 5 1s a gquide to field trips. Tt tells hovs theo
may be used to coordinate the out-of--dcors with

classroon. teaching, and how to n.otivate, orcanrizo
and follow up ficld trips. Wec include many 1llus-
trated suggestions of convenient places 1n which

vou and the children can explore living thinas.

Our - mibhography includes  cliloroi's  yreferes o
books and story books, as well as tcachers' refer-
ence material. Living things themselves should al-
ways be the prime source for learning. The children
should be encouraged to oxamins, explore and spec-
ulate to their hearts' content before they are referred
to bnoks for further information. But at the riaht
time, reference bécks play an 1nsportant part :»
icarning about living thinns.

G
IC
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IMPORTANCE OF WORK WITH LIVING THINGS

The routine care of plants and animals in the class-
room can help develop sensitivity and respect for
life. Pleasant experiences in the study of living
things can lead to a permanent interest in life sci-
ence and lay the foundation for the development of
an ecological point of view, which is basic to, the
solution of many environmental problems of our time,

AN ECOLOGICAL POINT OF VIEW

How an animal or plant manages to stay alive ds a
species in nature is explainable in terms of how it
is adapted to the physical conditions in”its environ-
ment {(wet, moist or drfy; dark or light; warm or cold,
cte.) and how it is adapted to the other organisms,
harmful or beneficial, that share its environment.
The sticnce that studies m:omo relationships is
called ccology /

An ecosystom 18 made up of 21l the living things in
2 commumty, tegethoer with their physical environ-
ment,  In the ecosys }JS the orqganisms are in con-
stant interaction with @ach other and with the phys

cal environment., Man (s an important member om
the ecolomical community, Not only dors he have
the normal cffect of any other iiving thina, but
somc of man's toechnological dowvelopments upsct
nature's balance,

As a city reaches into a wild area, or as highways
cut through a countryside, certain animals and
plants disappear. Others, such as cockroaches,
rats, dogs and cats, increase in numbers. Bodies
of water such as rivers and lakes become polluted
by industrial and human waste, causing the death
of native fish and shorebirds. The air over cities
becomes contaminated by smoke from household in-
cinerators and from factories, and by automobile
cxhaust. (See Bibliography, p. 121.)

ey !‘lﬂ )
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YOU, THE TEACHELR

You are in a position to start a chain of oxpericnces
for your children that can lcad ther to the increased
awarencss and the special knowledae that are e -

requisites for intelligent action w.» ISal-S P S o)
many of onr environmoental problcmrs

)
For example, suppose your class sees a robix pul-
::Q a worr, out of'the s0il. Questions like these
will belp develop an ecological point of view: How
many worms arc in the around” How marny worms
does a robin ecat cach day” Supposc there were just
cnouqgn worms in the soil to feed a'l the robins: .
what would happon af rore robias —oves irts thr
area”

Suppose your class visits a constructyo:, saite, You
nuaht discuss ccolamical questions su~h as wohe
plants and anirmals hved thore i fore, constracsion .

3

began and what has happene i to then: sinco,

In mamtaimimt hving things in the Classroo™ , Vol
can call attention to those conditions under whyich
they thrive and those under ,....Fou they yoris

Vou will find many singlar sitoass “a to ey o

the doveJopinent of an ccoloaical point of o, =9
siedio pele o e an today's world, We hope that shis

handbooi wall help rou g, the ~myidpe- - this
AIrecnon, or an one of the o oane Sthey e wnors
dire ~tyors that arn mitersott o as Catara N Y g

tase g o cin g,

'
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. YOUR ., CLASSROOM  GARDEN

“chances are that you will be successful with them.

" Before the vear bemias, examine vour classroon to

-
e

A classroom garden can be a2 beautifyl, interesting

' and useful part of your room. Becausc it should be
a working garden, do not expect it to look like a
professional florist's display, and do not strive for
permanence. Discard old, unattractive or useless
plants and replace them. Encourage the children to
help you in the planning and daily care of your gar-
den,

The materials and procedures in this section have
heen tried under conditions as difficult as those
in the average classroom, if not worse, so the
On the other hand, conditions in your classroom are
different from thosec anywhere clse, and you may suc-
ceed with things that would rot work for amothcr.
S0 do not hesitate to improvise and cxpe .

ANTICIPATING THE SCHOOL YEAR

(3

decide on appropriate places for plants. Puy seceds
fror Jocal stores. it the soil, fertilicers, insect-
icades or othor materialz voun ray need. {Sec the
following pages.) Tocate a sonree for pottod plants.
(Greenhorses froquently sel! off thewr summeoer stock

as fast as.pocsible, so von may not be alile to find” -
the plants you want if vou delay too long.) If vou

have access to a aarden, take slips for rooting.
{Serpy 73 Tt is helpful to’keep a record of vonr
suceogses and fatlures to guide you netit year.




OBTATNING MNATERIALS

You o ct most things you nced for a classroorn.
qard#n fromyour supermarket, variely store, or lo-
cal qreephouse,

POTS

Any container that can have a hole .punched in the
bottom for drainage can serve as a pot. You may
usc milk cartons, tin cans, _frozen food containers,
or the more conventional plastic or clay flowerpots,
Flowerpots comc in many sizes and can be pur-
~hased in greenhouses, but many people have
spares to give away. TI'or short-term use, paper
cups arec satisfactory. (Cups for hot drinks .o -
more substantial than thin waxed paper cups,)
For germinating sceds, you can cven use the
molded secctions of cqq cartons, ’

SOI1

The casicst way to get s0il for vour classroom aar-
den is to buy the sterilized 1 alanced w‘ sold

plastic bags. The best so1l for potted plants is a

mixturce of one-third so1l, ore-third peat moss and

one~third sand. These materials can be obtard
from supermarkhéts.

Soil dug from & garden or yvard can b usod, bt ot
i3 otten contaminated, with orgaisms that cause
nlant discase, [t ray also b unsuwitabvle i maner-
al contont or dearec of acidity,

POTTED PLANTS

Supermark.ets and variety stores nsnally carry hardy
howse plants and seasonal plants such as Crocus,

tily and poinscttia., Creenhouses should be able to
provide nthore irteresting varicty of plants, CSpo-
cially carly i the fall and late in the spring. {(3ce

bo it for recor riended plants.)

SETTING UP THE GARDEN

»
You may want to start some plants at the vory bo-
airning of the school year. Others will be appro-
poate to start as you qo along, (Sce ., 7 for wavys
in which won ~ap usd sour oarlen m teachine,)
Ponttworry about fallures, and aon't ol vou have

Lo Steed ol ﬂ’t::ﬁ vou stact with,  Sor ¢ il e
. P

IC
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rnore permancent, others should be cdiscarded or sent
home with the children as soon as their classroormn

s

usecfvlness is over.

PREPARING CUTTINGS

To mako cuttings of such plants as geraniu.n and be-
gonia, A oot stapd s ston=vnieds three to four inches
lon. Rermowe any flowers, Cut the stem on a
slant just below a leaf, Remove this leaf and the
ne=t one above it, Allow the ¢ut ends to dry for
abolit half an hour to permit a callus to {orm, and
then place the two lowest leaf nodes under water or
moworst cand, [L vou are rooting the cuttinags in
sand, a plastic baa placed loosely over a sinale
cuttiiey or a sheet of plastic over a tray of them will
protect the cuttings from o cessive water loss.,

(ad

Take morce cuttings than vou need, for sowc » ~7 no
root, Cuttings taken late in the scason after the
nights have turncd cool may aot root as well as
those taken carlicr in the summer. Tlorists sell
chericals which aid root growth, ard vou 1 iant il
to trv these.,

GROW TN G PEANTS TN WAL

Many plants car be arown without soil.  Cuttinas
of vy, pmloderndrorn and Wandering Tew il root
and qrow ndefinitely in water af ag1ven sone nlaot
food every fow wecks, Catdnas such ar colens ar i
begonia can be rooted in water and then nlantes i

pots. {(Sceo p. 33 for water plants to Lot i aguari e,

PREPARATION OF OIS

Al tvpes of pots are propared in the save was, Bo-
tsod pota chould boe serubbed wath o broeka bon

vater, Food containers should bhe riascd thorovahl,
Water st be oole to v, "0 b cure Uare

a hole in the bottos, of the contuirsr, "over tr.
hole with o amall store or pices of flowfr ror o
secn the ot froe falliva thronab,  (vwy thys ad

w N
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so1l and water. (It is casier to plant in moist soil.)
You should set the pots 1n saucers or pans to col-
lect the cxcess water that dArains out.

PLANTING

.
W
Transplanting fromm the Garden

-

NS

It vou pot plants frow the Qs?rf‘ spray then well
with an all-purpose plant insecticide bofore Vot

bring them into the classroom. Use a trovel to dig
up the plant together with some soi1l, 0 a3 to dis-
turb the roots as little as possible, Plase in o pot
with a layer of soil over the bottom, hold the plant,
upright, and add soil to fill in aronnd the sides,
The soil level in the pot should be the same as the

ground level when the plant was in the garden.
Keep the plant well watered and outzof dircct sun-
light for a few days.

Potting Cuttings .

If you have rooted a cutting in sand, itis ready to
pot when the cutting secems firmly attached to the

‘sand. Use a small pot, two and onec-half or three

inches in diameter. Use a spoon to scoop up the
plant, togcther with some sand, without disturbing
the roots. Set the plant into the pot, which you
have partially filled with soil, and add more soil Lo
about onc-half inch from the top of the ot

«m you have rooted the cutting in water, it is rcady
to pot when the roots arc an iach lomy, ut a Yavor
of s0il in the bottom of a small rpot. Inzert the

plant and hold 1t in position vwith one hand while
with the o.c,:,é hand you aradually add soi! vnth
SpooNn or trowel so that it sifes arouno the rocts,
When the pot is haf full, vater it o[-, re oo
contu~t berweeen the roots apd the sorl, TAdd the
rest of the soil and vress ot down e v,

Yo may cover newly potted outt s with plasty -
bhaaa for o fowr davs 1o conser o rorstire ntil the
roots are firmly estabhished,  Phed the bats ~xa b
ramoed and the plants can be ot oy e vae,

Transplanting to 1 arger Tots

1

veoput dn Jarager pots unti! theey

Flants shonld not
have ontgrown the small ones,

) " 1Y
-

™ _
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To transplant to the next larger size pot, prepare
the new pot in the usual way. Put a laver of soil
over the bottom. Take your small pot with the plant
in it, and hold it upside down with the plant pass-
ing between your fingers. Rap the pot sharply to
loosen the soil. 1t should drop into your hand in
one chunk. Remove the pot, and carefully turn the
plaint right side up, place it in the new pot, and
fill in the empty space at the sides with more soil
and water, You want to disturb the roots as little
as possible in this operation.

GROWING BULBS

Greenhouses, variety stores and department stores
carry large supplies of bulbs in the fall. Mail order
aced and nursery companies can usually supply
bullys at any time of the year, although they have
their largest selection during the {all planting seca-
son, ;

Papcr-white narcissus is
the only bulb that is casy
to obtain and that will grow
and bloom in water and pet.-
bles without a preliminary
qrowth period in the darl,
thourh it does better when
storted in the dark.

Place an rregular layver of
stones or gravedl in a pan or
bow!l two or more inchos
¢oep. Atrande the bulbs s

’

they are supported by the stones but not complctely
buried under them. The bulbs should not touch
each other. Add water until it touches the hotten.
of the bulbs, and keep it at this level.

Narcissus flower parts arce small but rcaular, and
if you usc a small paint brush to transfor somge pol-
len to the pistil, seeds should be produccd.

The hyacinth is spectacular, but
it will not producc good flowers
without a period of scveral wecks
in a dark, cool place. You may
want to try growing somc if you
have a dark, cool cupboard. The
hyacinth will grow in soil or over
water, There is a special hyva-
cinth glass that supports the bulb
over but not touching the water.
(The roots grow down to the water,)
Cover the top of the hyaciath
bulb with a paper cup and place
it in a cupboard. If you usc soil, kecp it moist but
not flooded., When the roots arce well deoveloped,
the tips of the leaves reach the bottom of the in-
verted cup, and the flower bud ie visible, the plant
should be brouaht into the light,

An amaryllis bulb will send up a flower stalh u
month or si: weeks after it is planted in soi). 1t
docs not need to be khept in the dark. The lcaves
may not come up until after the flower has bloomen,
Thrs is the onlv bulb commonly frown indoors that
can be successfully saved for a secornd bloonmirg.

Q
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When vou plant seeds

'
: .,

The flowers are spectacular and large enough for the
children to sec all the flower parts and to demon-
strate pollination by putting pollen from the large
stamens on the sticky central pistil.,

PIJIANTING SELDS

Greenhouses, groceries, varicoty stores and hard-
ware stores carry large assortments of garden secds
in spring and summer. Sced companies and biolo-
grcal  supply houses have seeds available all
thronah the yvear, Tt is holpful to ha 7o catalogu =
from sced companies in the classroom, for they are
very informative and well illustrated., (Sce Biblio-~
seanhy, b, Hie, for list,)

«

Cormercial seeds are guaranteed to gormanate ane
have been treated for protection against fungus dis-
~ascs. You can try planting becans that you et
from: grocery shelves, but they moy not sprout f
they arc too old or have been treated to prevent
spoilage, Teost a few before you pass them out to
the chaldren,

, [ill a pot or tray with mo <1
aoil to anonut C::..rc__m noh fromw the top.  Arranae
the soeds on the surface, then cover them vadh a
layer of soil abou. the same thickness @ 1 the seod,
Prosa the soil down firaly and sprimbde wath addi-
tronal vrater,  Keep the soil worst, 140 helphud to
cover the top ef the container with jlass or plastye
untit the secds sprout, (Ahways leavse g small
upening o prevent moldinng.) hecp the necds oot
of tlivect sunhiaht natil the vouna plante coue o,

Seeds will germinate i1n moist sand or on moist cloth
or paper,  but they must be transplanted to soil if
well-developed plants are desirced, (Sce . 2,)

RAISING TLOWTIRS TROM SEED

There arc not very many plants that =3 1o ~rown
from seed and brought to bloom 1n the classroom in
a comparatively short time. Dwarf marigolds and
dwar{ zinnias will bloon. within tiwce :onths of
their planting if given adequate liaht, Sc 8:3 rusTer
beans should be tried, for they show spectacular
growth and sometimes bloom, producing beautiful
red-orange flowers. The floyrers tend to abort,
however, and don't producec/sceds niormng _,:o|
FlCn, WaLs beans, ove ana Tinvy Tin tomato
should also bld mwoin the Alassroon. ‘3o I

(]

vt L2y Alao e € R S N
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OT{IER RECOMMEIIDED PLANIS

There are not many plants whyeh o010
room requaroments of bewia casy to ov?:s .

for c lasy projocts, anrd resystant to chsceasc, -
soects and o ctrer oo of T heat o and covd — (has i,
pla s that are nes t=to-indostruetinle,  The IOS
iR beolore are the oy ost kel can, fiedate 5,
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others. Avoid varieties with white flowers, since
some of these are susceptible to mildevr. Begonia
cuttings are excellent terrarium plants.

Coleus is casy to root in water or sand, TIts lcaves

are beautifully variegated, and in the short days of
winter the plant may put up spikes of tiny flowers,
which produce seccds that will germinate a foew days
after ripening., Coleus is susceptible to mealy bug
infestation, c¢specially if brought in from a garden,
but this is easily controlled. (Sec p. 16.) The

| distinctive square stem is common to all mints. The
| opvosite pairing of leaves and their uolor patterns
| can be uscd for symmetry and art projects. The
semi-transparent stem and h'gh water-loss rate

humidity and great tem- M.Ar,awd

"perature fluctuations. <o )
They will bloom if given \ VAN
enough light (several w W ~ e
hours of sunlight daily). a . AN “ o

(transpiration) make coleus useful in 2xperiments
demonstrating the movement of colored water in
stems.

Geraniums tolecrate low

It is better to start with ., : z.m.,%..muéfﬁ N\.\w’ < 4
well-rooted cuttings or Yt S g :

new plants, but repotted
summer plants can be
used, if cut back. Slips
are slow to root. You
will find that the more
commonplace and less
exotic varieties are more
likely to do well under
poor conditions. This is
true for most plants and
is the recason old-fashiored varictics are still popu-
lar, Geraniums ‘arc cspecially uscful for giving
young children expericnce in obseorving propertics.
The leaves are -hairy to touch and have a plcasant
O:mgnnsﬁmﬁo019.4.,:3:Q.:m:mi. ‘

upaticns (Sultana) is casily available, ord has
transparcnt stems uscful for dye experiments. [t
will bloom under poor light conditions, but it has a
tendency to drop its lecaves and 1s rot as remistant
to environmental fluctuations as son.e other plants,
Howcever, some teachers are quite successful with

IC
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it. Avoid exotic varicties such as plants wich dou-
ble flowers or tangerine colors. This plant is a
good substitute for colecus in rooting and water
fransport studies.

discolor

Tradescantia in two vari-
T :

ties is illustrated heve.
One is a potted plant, Rhoeo
discolor, commonly called
Mosecs-in-a~boat, wklich
produces interesting white
flowers in large boat- .
shaped bracts. The lcaves
have beautiful purple under-
sides. The other is a rela-
tive, Zcbrina pendula, com-
monly called Wandering Jow.
It is a vine with green and

white, grecn and purple or all-grcen leaves. This
plant roots rapidly in water, and it can continuc to
grow there or it can be potted.

BEy
LA

<
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Ivy is. always attractive
cither in water or in pots.
(For growing plants in <3
water sec p. 7.)

Other potted plants, such as philodendrons, pepcr-
omias, succulents and cacti, and festival plants

such as poinscttias and Easter lilies, arc nice to
have around for their decorative cffect, their use-
fulness in art activities, and their general interest. -

%

THE TERRARIUM

A terrarium is a covered transparent container
planted with a miniature community of plants. It
needs little attention and is quite casy to makco.
Several swmall ones may be more useful than one
large one. Children enjoy makina their own torraria
ir plastic hoxes or peanut butter jars. Three types
of terraria are described here.

)
i
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In order to make any terrarium you will need:

I. A glass or plastic container. (Anything from a
peanut buttgy jar to a large aquarium will do. A
plastic shoe box is especially handy.) Your con-
tainer should be deep enough to allow some head-
room for the plants to grow in.

2. A removable transparent cover. (Glass or plas-
tic wrap will do.)

3. Drainage material, such as sand or gravel.
4. Soil.
5. Plants and seeds.

MOIST WOQODLAND TERRARIUM

This is probably the most useful kind for keeping
small plants such as ferns, mosses and fungi, and
for rooting cuttings.

Put @ half-inch layer of sand or gravel or a mixture
of both in the bottom of your container for mqmwsm@o.
Add one inch of moist soil. This should preferably -
be in the proportions of one-third soil, one-third
sand and one-third peat moss or hurnus, but ordi-
nary garden or potting sail will do. (The soil should
be moist enough to cling together in balls when
pressed in the hand.)

Make holes in the sonil, gentlv insert the roots
of the plants, and press the soil around them, A

|
carpet of moss around the plant keeps the soil from

spattering. Sprinkle carefully with water and cover
almost all the way with glass or plastic.

Adjust the lid so that a little but not much moisture

collects on it. Water only when the soil appears
dry, once a week or less. Ualess the lid is open,
keep the terrarium out of direct sunlight because it
will overheat,

Appropriate plants for a woodland terrarium are
mosses and shelf fungi, ferns, small house plants
or cvttings of ivy, begonia, coleus, or tradescantia,
‘'or seeds of different kinds. As plants get too large,
prune them or replace them, If you can get wood-
land soil and moss in your terrarium, watch for
surprises as old woodland plants die and now ones
appear,

™~
In carly spring plant a terrarium with any youna
plants that are just beginning to appear. Their rayp-~
i arowth i the warm roon will be spectac lar,
Young violet plants, wild ginger, cmerging scillas,
small weeds or moss and young scediings can be

¥
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used. It is also interesting to place a piece of old
log or a spadeful of garden soil in a terraridt and
water it. In a few days you will have an interesting
assortment of young plants and small animals. En-
courage the children to study thern with magnifiers.

DESERT TERRARIUM -

~

This kind is easier to keep than a woodland terrar-
EB but not as much happens in it. Use moist soil

xed with an equal part of sand over the ‘drainage
_mv\o_. Small cacti and some succulents such as
jade plants., hens and chicks, and aloe will grow an-
der these conditions. (Handle the cacti with tweez-
ers or ygloves.) After the plants are in place the
soil should be kept evenly moist until the roots are
established, but never add so much water that you
can see any standing in little pools. From then on
water sparingly, perhaps once a week, so that the
surface of the soil remains fairly dry. Keep in a
sunny spot and do not add a lid. A wire screen can
be put over the top if an animal (such as a_horned
toad) is to be housed in the desert terrarium.

BOG TERRARIUM

The bog terrarium is ombmoMm:w interesting because

insect- eating plants can be grown in it. Put in the

drainage layer, then a layer of sphagnum moss. No
soil is necessary. Order materials and plants for

a bog terrarium from a biological supply house, un-
less you are near a natural bog. Keep it cool, cov-
ered almost all the way, and well lighted. Keep the
gravel layer under water all the time.

There are many modifications of ierraria. Large

woodland ones can be made with a sloped drainage
layer and a bog or shallow pool at one end. They
present many opportunities for artistic creativity

in additior w0 their biological uses.

KEEPING YOUR PLANTS HEALTHY

/
/

To grow well, plants require proper amounts of
moisture, 'ight and heat. Plants also require prop-
er nutnition and protection from mnsects and disease.

+~
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MOISTURE

they require moisture in the
air as well as at their roots. But the moisture in
the air of heated schoolroc.is is about equivalent
to that of a desert. There are several ways of deal-
ing with this problem.

All plants need water;

Potted plants can be set on stones or gravel in leak-
proof containers. (Fiberglass window bo.xecs are ex-
cellent for this purpose, but any large pan wiil do.)
The layer of stones should be kept flooded to in-
crease the humidity around the plants. The plants
can be watered either by pouring enough water into
ihe pan of gravel or stones so that the water an
rise through the openings in the bottoms of the pots,
or by pouring water into the pots from above, al-
lowing excess %w.now to drain out into the supporting
layer of stones. Before holidays and weekends,
add extra water to the pans.

Water the plants whenever the soil in the pots ap-
pears dry, but do not water so frequently that the
soil is always moist., It is important to let the so0il
dry out between waterings, because over-watering
will lead to the decay of the underground plant parts.
If this has happened, the plants will look wilted
oven though the soil is moist. In this case, let the
soil dry out before watering again. If the plant is
not able to restore its root system, take cuttinas
from it to try again, and throw the rest of the plant
out, :

Cold,

chlorinated tap water is not recommended. If

* .

you do use tdp water, try to have it at room tempera-
ture, Ideally, you should keep a container of water
standing several daya to warm it and free it from
chlorine before you use it for watering yovr plantsi

Small eromno plants that need a moist environment

grow welllin a terrarium, where the ::::Q:u‘ can be
controlled. Amoo p. 13.) Cuttings and slips can
also ber i ted in & terrarium,

LIGHT

~

Some plants can survive in very poor light. These

grow slowly and scldom bloom. Most plants need

soveral hours of bright light from a window (prefer-

ably facing south, cast or west) or additional arti-
ficial light in order to grow well and bloom. Secd-
lings and young plants need considcrable light to

keep them from becoming pale and spindly.

A sunny windowsill is the most appropriatc place for
plants in the classroom. If the natural light is poor,
as in rooms facing north or in rooms where plants
cannot be close to a window, an additional light
source an a tabte will be very helpful. Small fluo- '
rescent fixtures can be bouaht from sced companices

R
o
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or biological supply houses, or can be made by any-
one handy with tools. Such fixtures can be equipped
with timers that turn them on and off automatically
to give a controlled amount of light.

If your windows with the best light have heating
units under them, see the following paragraphs.

TEMPERATURE

How to keep plants from being frozen or cooked is
a constant classroom problem. Winter classroom

temperatures are by no means ideal for plant growth,
However, some plants will survive fluctuations in
temperature on weekends and holidays if you take
a few precautions.

If you expect very cold weather over holidays,
either place cardboard or newspapers between. the
plants and the windows, or move the plants into a
warmer part of the room. Temperatures are unljikely
to pcach freezing, since the plumbing must be pro-
tected.

If you want to keep your plants at windows that
have heating units under them, raisc the plant trays
on blocks or bricks so that air can circulate beneath
them. This will reduce excessive temperature fluec-
tuation while allowing you to take advantage of the
light,

If worst comes to worst and disaster does stril.e,
remember that plants are expendable and cal be re-

placed. /

~fertilized periodically.

SR )1 s
e -

(7

PIANT FOOD

The natural plant nutrients found in good soil are
gradually depleted in a pot. All plants should. be
Solutions of essential min-
erals are’sold in bottles in stdrec that carry garden-
ing supplies. Ordinarily, small amounts of the solu-
tion are added every few weeks to the water used
in watering the plants. Directions for use are sup-

_plied on the containers.

’

PEST CONTROL

If aphids, scale, or mealy bugs appear, the plants
will need some treaument. Aphids (plant lice) ‘clus-
ter on growing Su.m of stems. Scale insccts appear
as flat brown oval disks on stems or near the veins
of leaves, especially on the undersurface of the
lecaves. Mealy bugs appear .in white, cottony
clumps around growing tips and at ﬁ:.o base of .
young leaves,

Scale and mealy bugs can be removed with cotton-,
lipped toothpicks dipped in ruibing alcohol or witch
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hazel. Plants with aphids should be sprayed with .,
an all-purposg plant insecticide. Several kinds are
carried in stores which supply other materials for
gardening. If the plants have too many insects, dis-
card the plants to protect your healthy ones from in-
festation. A weekly rinsing of the leaves will be
very helpful in discouraging insects and will improve
the appearance of the plants. Hold plants under fau-
cet or spray and rinse both sides of leaves.

USING YOUR CLASSROOM GARDEN

Specific uses of vlants for teaching are suggestcd
helow, but general daily care is also important.

Daily carc can bring out the facts that piants grow

(measure them and record the measurements), bend
toward the light (kecep turning them ecach day), and
need water regularly.

PLANT STRUCTURES

Let the children cxamire whole plants, roors in-
cluded, by uprooting and washing the soil away
from a plant that is to be discarded. To gain some

A

aopreciation of .the extent of the root system pro-
duced by a plant, have the children carefully re-
move and untangle all roots, lay them end to end,
and measure the distance they streich,
Supermarkets offer & great variety of plant materials
that are useful for classroom activities. There are
seeds to grow, fruits to dis$ect, vegetables and
flowers to examine.. Whole vegetables are seldom
seen by .many children brough. up on frozen or
canned food. Use unshelled pueas and green beans
to show fruit structure and seed arrangement. Dis~
cuss the uses of the structures you see (the pod,
‘the seeds, the attachment points of the seeds).
Cut cross~sections of cucumbers, peppers, toma-
toes, apples and oranges to see the structures.
Count the seeds in a single orange, plant them and
find out how many orange trees you could get.
Count the seeds in your Halloween pumpkin, dry
them and use them in germination experiments.

¥

-
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Take mbm:? leaf by lcaf, a head of lettuce, a brus- -
sels~sprout, a cabbage or a bunch of celery. Note
color difference hetween inside ahd outside leaves.
Look for small buds at the base of each separatec
part. Try counting the leaves on a brussels sprout. -

v

. T
Much of a plant is water. You can demonstrate this

by measuring water loss. Weigh individual fruits,
vegetables or leaves. Allow them to dry out, wéiah-
ing at intervals (daily or less frequently, depcndinag

on the rate of loss). Compare water loss under var-

icd conditions (on a radiator, on an open shelf, in

a plastic bhaqg).

IC
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SEED PARTS .

Large sceds, such as beans, corn kernels and pump-
kin seeds, are good for demonstrating seed struc-
ture and embryo plant parts, and for éxperiments
with seedlings. Pumpkin seeds can often be taken
directly from the Halloween pumpkin and germinated.
Lima and wax beans are useful for showing seed
parts (seed coat, stored food, young plant). Soak
them overnight before taking them apart.

As large seeds germinate,
plant are easy to identify. The bean halves are
called cotyledons. They can be observed to shrink
as the young plants develop. Try removing one or
both cotyledons from a young plant, and coinpare
this plant after a few days with one that still has
its cotyledons.

the parts of the young

GERMINATION

Only a few kirds of seeds germinate rapidly under
ordinary conditions. The seeds listed above should
germinate within two days to a week. Overnight
soaking of large seeds will speed germination.
Seeds can be germinated in sand, in snil, or be-
tween layers of moist blotters or paper towelling.,
You can also line a tumbler or glass jar with a,
blotter or towelling and place seeds ‘hetween the
glass and the paper. Crumple more towelling to
fill the center of the glass and put a little water
in the bottom of the container. An index card
placed over the top will reduce evaporation, Start

Ve
-
&«

enough seeds so that the children can take apart

and examine the seeds at various stages of germi-

nation.

PLANT GROWTH

Germinate seeds between blotting paper and glass to
show the cffects of gravity on plant growth. The
roots will grow down and the stem will grow up re-
gardless of. the position of the seed. If the glass is
tilted, the seedling will adjust -its growth so that
the roots keep growing down and the stem keeps
growing up. ’

(AV]
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mﬁ..m: sez2ds such as radish and grass seeds produce
ma::@m that are small but respond rapidly to en-
vironmental o:m:@mm in light, température, oisture
and gravity. Youygg radish seedlings respond to,
change in :@:n direction in only an hour Qr so. Hm
the, plants are leaning toward the window in the
morning, turn the pot around, and, long before the .
end the day the children will be able to see that
the %mm&m:@,m are again leaning toward the light.
Such seedlings wilt and recover rapidly from loss of

water, They lose their green color after a few
days in the dark>¥and regain it af. . day or two in-
the light.

: afx.w: v\ﬂp wam cuttings, the effect on the parent

plants witl be interesting to watch. Growth of
plants can be modified by pinching out the terminal

buds on the shoots to allow the side buds to develop.

. ~
Plant the ,tops of carrots, beets and radishes in
moist sard to get 4 new growth of leaves.

Grow an onion in a glass over water that just
touches the bottom of the bulb, The roots will grow

“ences between ﬁ:mx@noén: of the plants in the two

.So: ,

¢ ~

e .
very rapidly. ‘The leaves are especially interesting

because they are nmU:_mn. -t .

Plant growth, is affected by crocwded conditions.
Take twq pots of the same size and plant one with
twice as many seeds as the other. Note the differ-

-

pots as the plants get bigger and bigger.

PROPAGATION

Many methods of plant propagation can be demon-

_strated in the classroom.

-

Cuttings

Cuttings taken from classroom plan an be rooted
in water or sand. Rooted ocﬁﬁsmm are excellent for
children to plant in paper cups \no take home and
watch. Show gm children how fto transplant to

larger pots. Ammm.m. 7 and 8.) \.

mmma.m

H

See Germination, (p. 18), and Life Cycles (p. 21),
for propagation by seed. To demonstrate fertiliza-
try to find a Uoﬁma lily or potted tulips with
stamens that have not been removed. (If you can't
find them, get some with buds and wait for them to
open.) The children can put pollen on the sticky
central pistil] and observe how, .while the flower
dries up, the central ovary enlarges as many young
seeds develop in it. Also sce Narcissus and Ama-
ryllis, p. 9. ?

1
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Tubers .
\ .
» y A whole white potato can be .
S~ planted, .with a portion_ of it
S, R above the soil. Observe how .
only some of the eyes (buds)
=qy
sprout, If these are removed, ~
, R\H : others will sprout. This is 4
, - parallel to the situation in
s leafy plants where removing s
u/w : the top bud allows the side
/W@N J ones to develop. The white )
X ,,,, potato is a stem, botanically
speaking, since it bears buds
(the cyes).
Try cutting up a ’ Sweet potatoes and yams will grow in water and pro-
potato, leaving an duce beautiful vines. (Some potatoes have been
‘eye in each sec- treated to prevent sprouting, so start several.) Im- »
tion and planting © merse the end of the sweet potato or yam that has
them. (This is the no purple buds to about one-third of its length in a
way the farmer jar of water. It may be necessary -to support the
plants his’ pota- potato above the mouth of an anusually large jar
toes.) Secveral po- with toothpicks. It-is difficult to predict how long
< tatoes will furnish it will take to sprout. It may take a month or even
cnough eyes for more, sa do not givé up unless it begins to decay.
each child to have It is also possible to grow white potatoes in water ¥y
onc. Allow one in the same way.
uncut potato to lie P
on a shelf, and Leaf Propagation
compare it with »
. the planted pieces The leaves of African violets and gioxinias will root
over a period of In water or sand. (These sometimes take a long ‘
scveral weeks., time.)

(3]
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Rex (angel wing) begonia can be propagated by cut-
ting across the rib of a leaf that has been laid on
motst sand, A new plant will grow from the cut.

New plants will grow from the notches of Bryophyl-
lum (maternity plant). Drop a leaf, or even just part
of a lcaf, ondamp soil, and watch for a circle of
ncew plants sprouting, one from each notch. (This

works very well in a terrarium.)

Laycring

Layering is a method of propagation that works with

most vines — ivy, philodendron, tradescantia. It

also works with a jade plant that is long enough to
lean over. 1If the stem is held in such a position
that a leaf node touches the soil, it will root there
and can be cut away from the parent plant., You may
anchor the stem down with a bent paper clip or cov-
er it with some soil.

LIFE CYCLES

Morning glories and wa:x beans are two of the very
few plants that will complete a life cycle within the
course of the school year.

r

If strings arec U:n,:b at a sunny win-
dow, morning glories will climb them
rapidly. Morning glories will bloom
in two months and producc sceds,
which in turn will germinate as soon
as they are ripe. As soon as the pa-
pery covers on the seceds open, plant
the seeds. They will germinate in
three to five days and produce an-
other generation. (Be sure to get a
mixed variety, Suca special types as
Heavenly Blue may not produce seeds,)

Plant some wax beans in soil, and grow in good
light, Some should bloom and produce pods. BEecans
from the ripe pods will germinate in a wock or less.
This provides a very nice cxample of the life cycle
of a plant.

Colcus may produce seed that will germinate quich-
ly. (Seep. V1.)

Tiny Tim tomato plants will grow from sced and E.m...
duce little tomatoes. The seed from these will ger-
minate if the ripe tomatoes arc opened so that the?
sceds can drop on the soil. Cucumber vines will
bloom and produce miniature cucumbgrs, but these
will not mature.
mg.
. ..,,u

)
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Kind of Seed

Beans:
mung
kidney, lima
scarlet runner

SEEDS TESTED FOR GLASSROOM USE

Days to
Germination

w

Citrus fruits (grape- 30
fruit, lemon, lime,
orange, tangerine)

Corn

Cucumber
Grape

Marigold (dwarf)
Morning alory
Pea

Pumplain

Radish

Squash (acorn)

To:nato (Tiny Tim)

Zinnia (dwari)

-
-

-

8

Days to
Flowering

60
60

20

74

60

Cumments

E:xcellent for experiments.
May produce seeds in well-lighted window,
Spectacular growth, beautiful flowers.
Germination time very uncertain; depends on
condition of fruit,

xcellent for growth neasurement.
Beautiful vine will produce tiny cucumbeoers.
Interesting vine.
Will flower in good light.
Will produce ripe sceds in 90 days.,
Does not do well in overheated rooms.
Beautiful vine.

Seedlings are excellent for ocxperiments.,

Beautiful vine. .

-
L4

Produces young fruit in 85 days, AV
Seeds from mature fruit will grow.

Nice flowering plant when given adequate light,
. .

O
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COLLECTING PILANT SPECIMENS

You may want to collect whole plants or plant ma-
terials for special uses in your classroom. TIruits,
seeds and colorful leaves are abundant in the fall.
Vacant lots and unmowed rights-oi-way along high-
ways and railroad tracks are cxcellent sources of

varied and interesting specimens. (Sce Warnings

below and on p. 24.)

Dormant branches of shrubs and trees ¢an be brought
into the classroom in late winter or carly spring.
Put them in water in good light and watch for the
opening of flowers and leaf buds. These matcrials
must not be eollected until prolonged coid has bro-
heu thou dermancey. pethaps by the end of Jonuary,

A single spadeful of woodland or bog soil can pro-
vide the makings for many terraria. (Sce p, 12.)

COLLECTION AND TRANSPORTATION

Dried fruits and sceds such as milkweed pods or
bare twigs can be carried in the hand or put in pa-
per bags or other containers,

Colorful leaves and other plant parts that you want '
to mount and display in some way are casicst to car-
ry if you insert them between pages of an old maga-
zine, Identification and notes as to place of col-
fection can be written in the margins of the padges.
Many specimens can be collected this way and
transported without crushing or wrinklina,

#

Leafy branches and flowers should be cut with a
knife or pruner and placed in plastic bags. Inflatc
the bags and close with wire twists to keep the
specimens moist and cushioned against injury.

Whole plants should be carcfully
dug up with a trowel or large
knife, kecping as much soil
around thc roots as possible.
Put the plant with its soil into a
plastic bag at once. Inflate the
bag by blowing into it, and then fasten it. In the

case of moss, small ferns or other tiny plants grow-

ing on wood or rocks, try to collect a piece of wood

or stonc along with the plant growing on it, and
enclose the whole specimen in a plastic bag as de-
scribed above. e

WARNINGS

When collecting, try to leave the arca as vndis-
turbed as possible, Never take morc material than
you can usec. Ncedless to say, you will not collect
plants on private or park property without pormis-
sion. You should familiarize yoursclf with the rarc
species of plants protected in your state,

LEnow how to rccognine poi-
son ivy. ("Leaves threc,
quickly flec!™) If some iz
touched accidently, wash
the skin thorouahly with

S OTND S AV AW T I S

Lerlitioe vinde,

s
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You can safely oo:ﬂoﬂ any
dried and leathery “~rms of shelf fungi which+appecar
on tree trunks, most odd-shaped fungi, and puff-

Be careful with fungi.

balls. Avoid those that look like toadstools or the
edible mushrooms sold in grocery stores. There is
a slim chance that you might pick a poisonous one
which resembles these harmless forms, and it is
better to leave questionable ones alone.

FHE END OF I sCHOOL YEAR

You, your friends, or the school children may want
to keep the potted plants that have survived the
school year. Discard plants that are in poor condi-
tion,

Empty and scrub pots, terraria and window boxes.
Store unused soil, sand and gravel, It is better not
to store used soil, sincd it may be contaminatcd
with fungus discases and harmful insect pests.,
Leftover seeds should be discarded, since the
chance that they will germinate duninishi o with oy,

Plan to get new seeds in the fall.,

Store dricd specimens in hoxes.,

-
¥

O

Aruitoxt provided by Eic:

E




YOUR CLASSROOM ZOO [ szction P2

Many living things wiggle. Many are soft and furry.
This makes them fascinating for children and wins
their greatest interest and attention. On the other
hand, to the teacher, the care of animals in a class-
room presents problems such as weekend and vaca-
tion care, and is sometimes thought more trouble
than it is worth. But do not undc¢restimate the
worth of direct experience with living things in ex-
citing interest and in developing humane attitudes.

It is possible to find animals that you can feel com-
fortable with in almost any individual classroom sit-
uation. The animals and procedures described here
have all been tried successfully in classrooms with’
average to poor conditions. Some animals require
leas worl than others, but all thoso recommoended
st peosonaoly avalthy ona bady,

, .
This section discussces procedures for keeping water
animals and land animals. We give details about a
aroup of sclected animals that have proved especial-
Iy ueoctul n the classroom, ’

Water animals are simple to care for. They neced
water, air, a reasonably constant temperature, and
food in the right amounts. ™

Land animals need more watching and more cleanina~-
up-after, However, land animals are also more fun.
Children can have rewarding cxperiences taking
care of water fleas in a jar of pond water, but they
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usually like the bigger, fuzzier animals that are a
. N

little harder to take care of. Pick the ones that

suit your conditions as well as your preferences.

KEEPING WATER ANIMALS

<
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An aguarium is any kind of container in which con~-
ditions are right for water organisms to remain alive,
Much fuss is usually made about preparing an aquar~
ium, Fuss may ne necessary when the aquarium is
to be a permanent establishment intended to last for
several years and to contain many kinds of fish. But
this kind of aquarium is not recommended for the
classroom. Not very much happens in it. Also, too
many special requirements result in too much loss
when you have incvitable classroom catastrophics
such as too much food, inappropriate food, too
cold over weckends, too hot over weekends , cover
left off, too much chlorinated water added, and so

Ay

on. ~

t* Ad
A small aquarium can be set up with an under-

standing that it will be changed or removed in
two weeks,  Several small aquaria with different
contents can be mord interesting than one big
one,  Laraer aquaria set up for long periods can

1

e oused o study life cycles of fish and snails ana

dloecl ot cnonging conditions on poupulationas.

'

SETTING UP AND CARING FOR AN AQUARIUM

Fish need a great deal of oxygen and a fairly con-
stant temperature. They also need clear water (wa-~
ter without too many suspended rarticles), and they
need food. These needs are simple to provide in
an aquarium,

<

If the aquarium is to be set up for any length of time
put some clean coarse sand or gravel in the bottom
before you fill the container. This will trap particles
of dead plants, excrement, etc., and help prevent
floating particles from being stirred up from the bot-
tom of the aquarium by the fish. Sand should be
washed absolutely clean (frec of clay, dust, soil,
and chemicals) before being put into the aquarium.
If the sand is not clean it may contribute more con-
tamination than it takes out. Plants can ba rooted
in the sand.

CONTAINERS

Any transparent container can serve as an aquarium.
Aquaria can ra.uge in size from a peanut butter jar to
a 10- or 20-gallon tank. An aquarium should not be
higher than it is wide, to insurc an adequate oxy-

gen supply. If by chance you have an aquarium with
a constricted top, be surc not to fill it above the

widest portion.

,
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It is wise to keep a cover on an aquarium. A cover
keeps animals in (and keeps intruders out). It
also prevents excessive evaporation of water. The
cover should be loose~fitting or have a couple of
hoies to allow air to circulate. You might use
loose plastic wrap over a small container, and
a sheet of glass or heavier plastic over a large
container.

Leaky aquaria can be sealed by brushing epoxy glue
onto the inside joints. Take the water out first and
be sure all the inside joints are thoroughly dry be-
fore you apply the glue. Allow to set for 24 hours
before refilling with water.

OXYGEN

Most dissolved oxygen comes from the surface of
the water. Thercfore, use a container with a water-
air surface at least as wide as the depth of the wa-
ter. Plants do relatively little good as oxygenators
in small contairors (10 gallons and under) unless
they are well illuminated 24 hours a day. Plants
in an aquarium of this size are mainly for decora-
tion. Bubblers are not necessary unless conditions
are crowded,

Fish that come to the surtace and qgulp arc not tryin-g
to be friendly or to show you that they are hungry. .
They are suffocating., This means that there is not
enouah surface arca, or that there are too many fish,
It mav also mcan that the whole tank has gone foul.
{You should know if it 18 foul from other indications,
such as the odor.)

-

TEMPERATURE

Heaters can be obtained to keep c.ovmmum: fish from
being chilled by temperatures below 68~ F. But why
not use native fish that can take cooler water” (Sce
p. 35.)

Avoid too much heat. Over 80° F. is hard on most
fish. A high temgerature lowers the amount of oxy-
gen in the water and also increases the metabolic
-rate of the fish, and thus heightens o:tygen requirc-
ments.’ ’

Rapid temperature changes can kill or weaken a fish?\
This usually happens when a fish is first put into m:&
aquarium. TFor safety, float a containcr with the
fish and some of its previous water in the new
aquarium water for an hour before dumping the fish
'into its new environment, This permits the temper-
atures to cqualize,

-

!

o

WATER

Chlorine is often present in tap water (drinking va-
ter) in large cnough amounts to kill water plants
and animals. The water may be freed of chlorine by
letting it stand tvwo daeys in an open wide-niouthed
container; or by boiling it 20 minutes, lotting it
cool, and then stirring it vigorously for 5 minutes;
or by trecating the water with a fow crystals of pho-
tographic hypo. (llypo is obtaincd cheaply from
photo supply stores. It is essentially what vou aet
in expensive small amounts from pet shops under
the labe) of chlorine neutralizoer,)

o
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Distilled water will not maintain life very long. Liu-
ing things need minerals, and the osmotic balance
of living cells is upset by distilled water.

Cloudy water is most often caused by bacteria, sin-
gle~celled animals, or algae growing in great abun-
dance and suspended in the water. This happens
when there is too much organic matter in the water,
which in turn is probably due to too much fish food,
contaminants dropped in by children (gum, candy,
glue, paper), or dead water plants and animals that
have not been removed.

The quickest cure for cloudy water is to_ start over
again. The easiest cure is to add nothing to the
container until it clears up. But there is a chance
that everything will die before the water clears. In
any case, be sure to look at the cloudy water with
2 microscope or magnifier. i
Do not mistake algae-coated g'>ss for cloudy water.
To have algae in the tank, especially green algae,
is a hcalthy condition. Algac serve as vegetables
and protection for a population of microscopic ani-
mals. Remove excess algae from the front glass by
scraping. Look at the scrapings under a microscope.
If you go exploring, you will find a multitude of tiny
animals living on the sides of the aquarium.

FEEDING THE INHABITANTS

The food you use should depend on what animals
are in your aquarium. Standard tropical fish food
is a good mixture for many forms of life. Crumbled

dry dog or cat food is similar. Since different fish
have different eating habits, find out what your par-
ticular fish need to avoid contaminating the tank
with the wrong food. (See Bibliography.)

The healthiest and most interesting fish are slightly
hungry ones. Never feed more food at any one time
than the fish will eat up completely right away. The
water then will not get cloudy. It will be more inter-
esting to watch the fish being fed if there iz not al-
ways excess food around.

Most aquarium animals need to be fed at most once
a day; some might need feeding only once a weelk.
Observe yours to see how much,they need. Gen-
erally, large fish and cold-water fish eat more than
smaller fish and those that live naturally in warmer
water.

WHAT TO KEEP IN YOUR ANUARIUM

You may stock your aquarium from a pet shop, a bait
shop, or pond or stream. Your choice will be gov-

LY
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erned by the area you live in and the time of year,
as well as by your own inclinations.

A NATURAL POND AQUARIUM

This is the simplest and perhaps the most interest-
ing kind of aquarium to set up. It involves getting
some material from a pond or lake and dumping it in-
to an empty transparent container or standard glass
aquarium. This is called the bucket technique of
collecting. No preparation is necessary. Some
judgment in selection of materials will increase
your chances of success. :

At the pond

Take along a bucket or two. It is important to bring
back as much water as possible, but do not fill a
bucket more than half full. If you fill it full it will
be too heavy, and it will.spill all over the back of
your car.

Dip half a bucket of clear water. Then pick out
some bushy, bunched water plants and plop them
quickly into the bucket of water. Avoid too much
mud and bottom silt, as . s clouds the water exces-
sively. Tear out some algae from rocks or posts and
dump it in. Take only a little. Too much plant
material will start a chain reaction of decay that
will foul the water. A handful or two of plants in a
plastic pail of water should be 2nough.

Also collect a fow samples of submerged dead
leaves, twigs, and algac-covered rocks., -

If you have fire, feathery Em”ﬂm that are healthy )
looking, the job of collecting is finished. You will
find that you have collected animals along with the
plants. If you wish to spend more time, search and
poke for special animals under leaves, in the mud,
or swimming about. A small jar or net or kitchen
strainer may bé of help here. Fish, frogs, and sala-
manders are not recommended for this collection,
for, as you might have guessed by now, most of
your aquarium dwellers will be small invertebrate
forms easily eaten or disturbed by giants. Again,
take only a few. Your aquarium will only represent
a very small fraction of the pond. Often one speci-
men will live well, but several may cause the death

of all. <)
- (ap}
; —
Lot - - ‘
PR \«\.x\\ .
Transportation
The faster you get home, the better. The cooler vou
keep the water, the better. The smaller yvour collee-
tion of organic material, the longer it wil' stav alive.,
If there is a chance that the watcr temperature will
rise considerably during transportation, icc cubes
should be dropped into the pail. The areatest suc-
cess with this kind of collecting can be had in the
- . O
297
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wintertime. - I

~

regions where ponds freeze over in
winter, the icgJcan be chopped to get at plants and
animals, and some of the ice can be saved to keep
the water from warming too quickly in the car or
classroom. (You will find fewer plants in aisﬁm?

but life is still abundant m:ocor to stock your aquar-

jum.)

In the Classroom

Tip the Gcormﬁ and pour its contents into your aquar-
ium. If there is a lot of mud, shake the plants off
in the water and let them float free while the mud
settles at the bottom of the aquarium. This is to
insure that the plants get enough light, It is diffi-
cult to root the plants in soft mud, so you can just
let them float, .
Keep the contziners as cool as possible, and allow
good light for the plants. Put on a lid but allow an
opening for air circulation. Let the whole thing sit
until the mud has settled. Then vour pond
aquarium’ is ready for observation. The animals
make themselves known by their movement. But be
alert. They are small and subtle.

A natural pond aquarium should not be fed more than
once a week. Use just a pinch of fish food. The
animals eat each other and the plants, and also the
bacteria that decompose dead plants and m::,:m_m.
By helping the food cycle a little, you can maintain
larger populations, but-too much feeding will usual-
ly increase growth of bacteria and algae to such a
degree that the tank will go foul.

.described above, to serve as a control.

Expect the population to change as time passes.

This is all very unpredictable but interesting. Sam-
ple materials can be transferred with a medicine

dropper or tweezers to micro-aquaria (small con-

tainers such as plastic cups or small jars), one for

each child.

The pond aquarium may run down after a time. If
active populations are wanted, it is best to start
again in a few weeks with a fresh supply of water,
plants and animals.

The natural pond aquarium offers an opportunity to
study the effects of pollution. Use several con-
tainers filled from the same pond. Care for one as
Add to thq
others an mmmOZBm:H of pollutants such as might be
found :A lakes- :mmluv\ Detergent is a common pol-
lutant. See what happens when a little is added to
@ natural pond aquarium. Another pollutant is natu-
ral wastes. Wastes serve as food for bacteria,

bacteria serve as food for protozoa, and so or. . You
can simulate this effect by adding too much fish
food to the aquarium and watching to see what hap-
pens. 3
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Plants you find in a pond aquarium will include
some of those shown on p. 33. In addition, you
will find algae. .

Filamentous

X\. Bristle worm
Flatworms - (to~ in.). -

. (to more than™1in.) A 2
44 \

; &
Tube worms
(about | in.)
S Animals will be found in many sizes. Some can be

seen with the naked eye, some‘with a hand lens, Roundworms
and some with a microscope.

Leech
(I in. to 10 in.)

36

od

-< g -.(. —)
M&/ Ay * < «
Protozoa mmmm: through
a microscope, 100x)

2

. (about L in.)

Rotifers (seen through 50
a SMQ.\Omoow.m\ 100 ) Crustaceans ~- Copepods and Water

fleas (seen through a hand lens)

4
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This group of animals can be seen without
a microscope. You should find.some of
them in your natural pond aquarium.

Dragonfly larva

- (to N.W in.)
Mosquito larva
1 1. .
ﬁm in, to = in.)

2
/ w
Springtail
(on surface v.vmxém ter)
|

(to 5 in.)

"Water mite
I,
(to G in.)

1]

, Giant water bug

(to 3 in.) (1 in.)

32

, Water Loatman W

. ///II/

Water beet]c - )
(adult) (larva) .
_

(to _.M in.) (to I in.)

Damselily larva
(to | in.)

Mayfly larva
(1 in.) -

L 3.
. . Snails f in. to 3 in.)

IC
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SELECTING PILANTS FOR THE AQUARIUM . Suspended Plants

Plants serve several purposes in an aquarium be-
sides being decorative. They add to the comfort of
some fish who like to hide in them. They help keep
the aquarium clean by absorbing some trapped excre-
ment. They may also help supply oxygen in large
tanks. A pinch of garden fertilizer sprinkled into
the water will make the plant growth more lush.

Plants need light if they are to live., Don't keep the
aquarium in direct sunlight, but it should be in a
well-lighted spot or have its own light source.

¢ /
Some aquarium plants float near the surface of the
water; others live suspended between the surface
and the bottom. Still others are rooted. The illus-
trations on this and the next page are of "tried and ‘
true™ aquarium plants of all three kinds. They can
be found in most freshwater environments, or in

your nec ~est pet shop.

Surface Plants

‘H<<.~;mm<ma duckweed

Aruitoxt provided by Eic:
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. Rooted Plants . ' SELECTING FISH FOR THE bOQEﬁCK

Some fish will’ ndt remaifn- alive in captivity. Others :
are very delicate and therefore are difficult to ke
alive. TFish.that can be kept mr<o epsily in
classroom are illustrated here. Some can be¢/ ob-
tained from pet shops, some from Uo:Qm and sfreams.
Each locality has different representative species
which might be used in the same way. Be sure to
obtain small, young fish. Young fish that grow too

Pondwead large should be™ returned to their natural habitats.,
(small -
species) You can get.minnows and Umq:mvm freshwater prawns

. in bait stores, Children in your o_mmm €an go net-
ting in ‘shallow water, with their parents, to stock -
v your aquarium.

-3

| i

?%
gl
A1/

Vallisneria You may choose to keep a single, large fish in a

container without plants or sand. This makes the
container casier to clean. (Just draw dirt ofi the
coﬁos.s:n: a large baster syringe or siphon it off
‘with a hose. ) A few large rocks can be used for
hiding places or to relieve the visual monotony for
humans. Some animals (such as sunfish) that orient
8 their surroundings in special ways are interesting
o Avatch if you change the "furniture" around.
mﬁpmc need sand when they shed their shells.

1

'

,_

. ~Snails sometimes help an aquarium by cleaning é&:-
\ cess algae off the sides and by picking up excess
- food. They can also be a nuisance. They may eat
plants, carry fish diseases and parasites (this is
\\!J? true especially of native snails), become over-abun-
A Sagittaria . dant, or die. They are interesting to watch, but

\
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they are not necessary in an aquarium and they do
not eat fish excrement. If anything, when numerous

they make more litter than the fish.

(See p. 44 for

more about snails.)

COLD WATER EGG-IAYERS

¥ A
o

in \
50°~75° F,  Gar eats only live fish. (30 in.)

. Dogfish and darter eat meat. Others
eat fishfood as well as meat.

' w‘.awh..u..:.v....fﬂ\-\“\ : ~ e

e
—

U=

Catfish 2
: (2 in. to several ft.) i
Carp (12-15 in.)
: AV\\ &. i
S ogter s e T
M“‘.ll‘\l.tlll»\h@\ ™~
\ i Bullhead , >
Minnow (4 in.) (to 18 in.) . .
\
o
| )
{1, G
. Prawn (to 4 in.) . Crayfish (o 5 in.)
. 9
5 OB
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WARM WATER LIVE-BEARERS

75° - 85°F. TLat fish food.,
(These drawings are life-sized.)

e

® ! w7 V
EAT N

(male) (female)

Guppics

Moons

Mosquito fish

WARM WATER EGG-1.AYLRS

75°% - 85°F. Eat fish food.
(These drawings are life-sized.)

Betta

Tropical catfish

36

Mollic (male)

- hook, sew or solder it

KELPING LAND ANIMALS

There are times when you will plan to bring an ani-
mal into the classroom. There are other times whon
children will bring them unexpectedly. It is a good
idea to be prepared in advance with appropriate con-
tainers for them,

CAGES

A land animal that is kept in the classroom should
have a cage that resembles its natural cnvironment
at least in a few essentials. An insect or a warm-
blooded animal nceds a dry cage; a land snail,
salamander, toad or earthworm nceds a moist cage,
If you are in doubt as to what kind of cage a parti-
cular animal neceds, see Pp. 41-60 or the Bibliogra-
phy.

- \lll{.l/}.litv!.
A DRY GAGE . o
}-\1- tl»(”il!fﬂ .. - .
.nw.«.'vl...(\\‘ﬁ(\u\ '.\.leu.nﬁu.

This is mostly for insects.,
Usec a pie pan, cake
pan or can lid for the
bottom, and a piece of
alass, plastic or screen
for the ton. The sides
arc made of a roll of
screen,  You can tie,

down the secam. Wire
or tic the bottom to the — .b
.AMMQOM . =< ﬁ...-‘\
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For casy access, you mayv want to make a sleeve
top tor the cage, Use a plastic bag with the bottom
slit open, a cotton stocking with the foot cut off,
or any other slecve you might devise of cloth or
plastic.

Attach it to the top of the caqge by sewing, or with
alue, string, or binder. The open end of the slecve

should bhe closed with a wire twist or rubber band
that can be removed and replaced easily.

Providing Water

Even in a Jdry cage you
will have to provide
water for the animals,
Insects usually fall
into open containers
of water, but almost

all insects are able to sip water out of a piece of
wet absorbent cotton or paper towel. The best way
to keep cotton wc’. continuously is to stick a tight
wad into the mouth of a bottle of water and then tip
the bkoiile on its side. Trim the fluffy edges of the
cotton wad with scissors so the inscects can reach

the wet fibers.

In naturc insects get water from rain or dewdrops,
from plant juices, from what they cat, or from the
soil. Therefore, if it is convenient you can sprin-
kle the inside of the cage lightly with crops of wa-
ter once or twice a day.

B

A MOIST CAGE

H
Any glass or plastic container with & wide top can -yt
serve as a moist cage. :

s - =

A. screen lid will keep animals tron escapina. A
metal or plastic lid will help retain more moisture
than will a screen hid,  Put if yvou use a solid lid,
you must be sure that it is punched with many holes
for qood air circulation, or cverything in the con-
tainer will go En_:,mf_o_m:‘ or sour.

w\\b
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Plastic shoe boxes are ideal for medium-sized moist
cagas.

To make a transparent container of other sizes, you

can usc glass or plastic sheets. Acrylic plastic can
be glued with model airplanc glue or other appro-

priate cement to make a box.

Other plastics or sheets of glass can be put to-
gether with tape to make a box., Watdf-seal it with
melted pitch (tar) or beeswax. (Paraffin is not tacky
enough.) To seal, heat the sealer in a tin can with

38

Clea ning

When keeping larger animals such as frogs, sala-
manders, turtles, or snakes, clean out the ¢aqgc and

a pinched lip. Tip the box and pour a stream of melt-~
ed sealer along each joint on the inside. Epoxy
glue can be used as a sealer.

This kind of cage is not strong enough to hold to-
gether if filled to the brim with water. Bu* if you
do a good job, it should be able to hold up to an
inch of water without leaking.

Place rocks, water-soaked wood, and moss in the
hottom of the moist cage. Do not use soil or sand,

Any plants you want to include should be potted in

their own small containers. rollowing this general

outline, you should have a cage that can be cleaned
easily and will not contain materials that will rot or
decompose in the wet conditions.
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wash with soap once a week. For more details, see
the directions for keeping special animals, begin-
ning on p., 47, .

Temperature

You can control temperature in a moist cage both by
selecting a proper location in the classroom and by
adjusting the opening at the top of the cage to pro-
vide more or less ventilation.. The cover of a moist
cage should never be sealed tight,

Use a thermometer to keep a careful check on the
temperature in the cage, especially if the cade
is in the sun, because sunlight (or even an incan-
descent lamp) can quickly raise the heat inside
to a lethal level., To cool the cage, increase
the cover opening. When you need a wider open-
ing for ventilation to allow the escape of the
heated air, watch that the cage does not dry
out.

The heat qver a radiator is usually too erratic for

good living conditions. If the cage is to be warm

all the time, & shelf or table in an inside corner of

the room is the best location. An incandescent lamp
can be adjusted to provide both heat and light. If

only light is <<m:‘:“ma.h a fluorescent lamp is better

because it is 000_9.., ——

To keep a cage cool, set it on a windowsill., The

downdraft of cool air, even when the window is

closed, will keep the cage cool. But be careful not
to let it freeze in winter,

COLLECTING LIVING ANIMALS

Special animals for your classroom zoo can be pur-
chased, but in order to encourage the students to
feel involved and to be knowledgeable about what
lives in 2,6:. own community it is important to col-
lect some local animal life — the kinds of things
that the children often come upon when they co ex~
ploring or, when they are playing close to the ground.

An animal is fascinating in itself, but it is impor-
tant to realize the relation between the animal's

needs and behavior and thg place where it lives.
Only an animal that is found and collected near its
own home can be observed, at least briefly, in its
natural conditions. Then you can sec whether it

lives in a wet or dry place, if it eats leaves, ctc.
It is important for the children to be aware of thcse
relations betvieen the animal and its environment,
and they will be more likely to notice them if they
do their own collecting.

RN

Following are some simple ways of capturing living
things successfully and transferring them to the
classroom for study.

SMALL ANIMALS THAT MOVE QUICKLY

If the animal is not moving too fast, you can usually
sneak up on it with a small jar in onc hand and a
cover in the other. Get the animal between the jar
and the cover, and when you are close enough to be
sure of your aim, quickly close the lid,

w
¢
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Many animals (especially insects) detect your move-
ments easily, but it is possible to sneak up on them
if you move slowly. Many insects can be caught
while they are busy on plants and flowers.

If the insect is both alert and a good flier (as is the
butterfly) , it may be necessary to use a net. But
it takes a lot of leg work to chase insects with a
net, and we recommend this kind of collecting only
to those with sufficient time and energy.

1

An easy way of collecting insects with a net is
called "sweeping." Swish the net back and forth
through the tops of long grass and weeds, always
keeping the opcning of the net moving forward. You
collect a lot nf weed sceds this way (which may be
interesting too) but you also can get scveral hundred
insccts of different kinds that you can sec crawling
and leaping about in all directions when you invert
the net on the ground. If you wisi to kecep some of
the insects, invert the net over the mouth of a large
plastic bag or jar and shake the insccts out of the
net. -

SMALL ANIMALS THAT CRAWL OR HOP

- 8nails, sluqgs, oumw..n:s‘oﬂ:,m. caterpillars and small
toads can be picked up with the fingers. If you arc
squeamish about this sort of thing, they can be

:um,.f..hx.ﬂhq..
SN ..‘Mw.a..w!.c....icmv-.v.ﬂr
o SoUing 2 51
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coaxed into a jar or plastic bag with a stick or a
piece of stiff paper.

When.using a plastic bag as a container, blow it up
befcre tying off ihe top. This insures that there
will be enough oxygen (even from your breath) to
last the animal for an hour or two. The cushion of
air also keeps it from getting squashed. Be sure
to keep closed containers out of the sun, as they
heat up very rapidly by collecting the sun's heat
energy. (This is called the greenhouse cffect.)

SMALL ANIMALS THAT SWIM OR CLING

If you hunt and pick in small spring ponds or around
rocks and weeds in streams and lakes, you may turn
up many interesting creatures that give themselves
away to a carcful observer by their movement. Bend
down close to the water, because many creatures
arc small and inconspicuous.

The handiest catching device is a small aquarium
net. You could also use a tea strainer or a small
plastic cup. Carry several plastic bags along tc
hold your collection. Put some water in a bag and
add a couple of specimens. Blow in about three
times as much air as you have water, and tio a knot
in the top of the bag. This package can be carried
in a pocket (if you don't sit on it) or in a pail, bo:,
or shoulder bacqg.

Back in the classroom, these animals can be put tem-
porarily in a small container for observation, or they
can be placed in an aquarium. (Sece p. 26.,)
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SAMPLES FROM NATURAL HABITATS -

There is an amazing variety of tiny living creatures
that are usually difficult to collect individually but
become evident a few days after a sample of their
natural habitat is brought into the classroom.

Here are some such mmSEmm that can be collected,
carried back in a box or plastic bag, and placed in
a moist cage for class observation:

1. Moist and half-rotted dead leaves.
2. Soil from the woods.

3. Soil from a swampy place. 8

>

4, Garden soil.
5. Sandy soil and plant debris from a vacant lot.
6. Dry rotted wood or a moist piece of rotted _0@ﬂ

7. Dry animal dung.

LARGER ANIMALS
It is not recommended that you collect native ani-
mals larger than those you can pick up with your

fingers. It is difficult to care for them, and class-
room conditions may be a hardship and can result in
death. The death of a larger animal may be more
distressing to the children than that of simpler

forms of life. In addition, moderation in collecting,

exhibited by leaving more easily identifiable ani-
mals in their proper places in the wild, is good
conservation education.

Large animals such as rabbits or ducks should be en-
couraged in the classroom in the form of tame pets

visiting for a day and then returning home with their
owners. Pets are easier to handle and observe and
are far easier to care for.

ANIMALS SUITABLE FOR THE CLASSROOM

An animal that serves a special demonstration or
observation purposc or is to be kept as a classroom
pet should be carefully selected for its suitability
to classroom conditions. There are many animals
other than the recommended ones that the children
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are likely to bring to school (for example, turtles ,
chipmunks, white mice) . Many of these are either
too difficult to keep healthy in the classroom or are
messy or undesirable for some other reason. If the
children bring in animals that are not included in
the groups on the following pages, it is usually
best to welcome them as visitors for the day, and
then have the children take them back to their nat-
ural habitats.

*

We give here a number of animals suitable for
keeping in the classroom, directions for their care,
and suggestions for activities and observation.

\

PARAMECIUM

The paramecium is a single~celled, almost micro-
Scopic animal that lives in pond water. It is well-
suited to classroom usc because it is easy to cul-
ture, it shows how tiny life can be, and it demon-
strates interesting and clear-cut reactions to cer-
Ctain stimuli.

If you hold the glass container up to a strong back
or side light, you can barely see paramecia with
the naked eye. They appear as small pinpoints of
light, and can be detected by their movements.

Small cultures of Paramecium caudatum can be pur-
chased from biological supply houses. They can be
cultured in great numbers if you provide proper food.
You can also use a dropper to isolate individual
animals from pond water, and use them to start your
cultures. .

To provide a growing medium for the paramecia, put
some hay, long dry grass, or lettuce into enough ,
pond or lake or aquarium water to half-fill six or
more jars. Sterilize the water and the plant material
by boiling for 20 minutes. This will make a tea that

provides food for bacteria on which the paramecia
‘feed. (Bacteria spores will get into the jar from the
air after the culture water cools .) When the water
is cool, pour it into the jars together with a few
pieces of the boiled grass or lettuce, add the para-
mecia, and let it sit for a week or more. Paramecia
grow best in a dark or dim place.

Use loose covers or glass plates slightly ajar over
the containers to avoid evaporation of water. Keep
in a cool place. If any mold grows on grass stick-

ing out of the water, remove the pieces of grass.
Stir up the culture occasionally to break the surface
scum,

The culture will die out as the paramecia use up the
food, so every two weeks new cultures should be

oy
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made. To do this simply transfer some of the para-
mecia from the old culture to a fresh supply of the
growing medium.

-

Observe the culture under a microscope or hand mag-

nifier. To pr@vent rapid movement under the micro-
scope, mix a drop of culture water with a drop of

methyl cellulose paste and cover with a cover glass.

(Methyl cellulose can be obtained from biological
supply houses or from wallpaper stores.)

You can see many organisms with the naked-éye if
you spread a few drops of culture on a glass plate
and- hold it over a dark surface. Illuminate this
from the side. Introduce weak salt, acid, base and
other solutions (vinegar, soap, soda pop, etc.) at

one end of the glass plate, to show patterns of

attraction or repulsion. Observe responses due to
temperature ‘or light-intensity differences between

the two ends.

. OTHER TINY ORGANISMS

Many Kinds of tiny anihals can be cultured by just
adding grass or lettuce to pond or aquarium water.
In this case do not boil the water, because you
want to culture the organisms in it, To get a
greater variety of life, scrape the side of the aquar-
ium or pick up a small amount f debris from the
bottom. The population in this culture will change
in time as the food supply or predator population
favors®one or another kind of animal. Observe
thesc organisms as you did the paramecia. (Sce
above.)

PLANARIA

A planarian is a small freshwater flatworm that lives o
in streams. It is between one-fourth and one-half KD
inch long. It is easy to keep, it has interesting be-
havior, ard it exhibits regeneration of parts of the

body.

You can obtain planaria from bioiogical supply
houses. .To ¢ollect your own specimens, ta .ec some
water with plants and debris from a lakeror stream.
Lenve it in a shallow pan to settle. In a™ay or two,
planaria should crawl on the side of the pan or come
to-the surface of the water. They can then be trans-
ferreC to a jar or a culture dish half-filled with
clear zquarium water, where they will grow well.

Feed your culturc twice a week with one or two tiny

- pieces of raw beef liver for each container. It is

casy to cut small bits from liver that you keep fro-

zen. Leave bits of liver in the container with the
L]

planaria for alout an hour. Then remwove the liver.
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Replage all the water. with fresh aquarium water.
(It is easy to pour the water off, because the worms
stick to the jar.) Itis important to do this after
each feeding. You must remove the meat juices

that seep out of ﬁrm liver, in order to prevent the

water from becoming foul.

The container with its planaria culture should be .
kept in a cool and dimly lit place. .

When a planarian gets large enough, it splits in
half, usually across the.middle, to produce two
individuals. A healthy culture of worms will multi-
ply rapidly.

Some activities your class can do with planaria
are suggested here: .

I. Observe how a resting planaria will respond
to liver that is put gently into ®he container. The
planaria detect food by a sense of "taste" in the
head region.

2. Planaria will move away from strong light.
They will detect the light with eye spots. These
are not true eyes that see images. They are

light-sensitive nerve endings connected to the

brain, .

3. Observe the gliding movement of the planaria.

They glide by means of muscle contractions and
/_mo by the movement of cilia (microscopic :mi%.
extensions of cells). The worms can ghde Wﬁ\nro

surface film of the water. s

- >
-

SNAILS

Local freshwater pond snails are easiest to keep.
European red ramshorn snails can be purchased at
aquarium shops. Large exotic snails are interest-

. ing but they are harder to keep alive,and when they

die they make a Jarger mess.

Snails will do best in algae-coated containers. To
prepare one, let a container of pond water sit in »
the sun or bright light until its sides are coated

with algae. The snails eat the algae and_micro-
scopic organisms. You can also give them a pinch

of fish food every two days and a piece of lettuce

every week. If you do not use pond water, prepare

the water as for an aquarium. (See p. 27.) Do not

use untreated tap water.

Fish will often eat or bother snails. The snails
exhibit the most interesting behavior when they
are kept without fish. ‘ '
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Snails are useful in the classroom because they can
be picked out of the aquarium and placed in a small
jar for children to observe. Children can watch
closely to see the use of feelers,
ments of the foot and the action of the mouth on the
surface:of the glass.

Many snails breathe air from the surface, although
some snails have giils. They may be seen at the
surface, opening a sac-like lung on the side of the
body to exchange air. Some snails have a long tube
that is stretched up for air when the snail ap-
proaches the surface.

Snails are M:nmnmmn:ﬂ.o in that they demonstrate re-
production by eggs. Most pond snails are herma-
phroditic — that is, an individual animal has organs
for producing both eggs and sperm. Often snails
can be seen side by side and attach=d to each other,
trading sperm through short tubes. Following this,
both snails will lay many eggs over a period of
several days. The eggs will be,laidon the glass
and on the plants.

. ;
The eggs can be scraped off the glass and placed
under a microscope to dbserve successive stages

of the mBGQo.m growth inside. The most striking
observation is one that can be made with a strong
hand lens.
round and round
hatching. .

inside the egg. just Gmmono

Soon you should :m<m 308 snails n:m: _you need,
m:a the children can take some home fot pets.

muscular move-

SCUDS

Scuds, or Amphipods, are crustaceans related to
crayfish, lobsters, and fairy shrimp. The easiest
Amphipods to raise are Gammarus and similar
freshwater species. These animals are commonly
called scuds; or sideswimmers. They are small
but active creatures. They have many legs which
are used for swimming, ‘grasping,and respiration.
Place them in a drop or two of water and look at
them with a magnifier.

» Scuds are most mmmfzv,\ kept alone or with' snails
in a small mn:mz.,c&. or large jar. fThéy can be col-
lected from pond, lake or stream by the "bucket"
method. (See p. 29,) Feed them fish food once
a week.

Scuds lay tiny eggs which hatch into microscopic

The small snail can be seen 9.95'0 larvae. Thedlarvae grow slowly into the adult form.

Wb

>

"

o
D

Q

Aruitoxt provided by Eic:

E




box that has been washed and half filled with soil.
Mix broken up or rotting leaves with the soil to .
keep it loose. Sand can also be used instead of

leaves to keep the soil loose. (Adding sand will”

allow you to find the sow bugs more easily.)

-

Keep the soil moist and cover the container with a
perforated lid to retard drying but to allow some air
circulation,

Feed sow bud’s on rotting leaves, slices of potato
or carrot, of a few pieces of unsweetened breakfast

(to ="

m.S‘v

K cereal, . )
Y -’ ¥ d
: SOW BUGS . , Provide some flat slices of potato, leaves or stones .
L - ! for the sow bugs to hide under. . \ _
Sow buds (Afmadillidium or Porcellig), are small - ’ . .
wmovoam that live in moist soil. They feed-on de- Sow bugs that are collected in early autumn should .
. caying plant material, and so are found in places , reproduce by midwinter at the latest. They lay eggs
where there are decaying leaves and wood. " in the debris in their cage, m:a the young look Emﬁ
, ‘like the adults. . . .
They can be collected outdoors by Elﬁsm over logs L .
and boards that are lying on the soil, or by separa- Things ﬂmu ohserve:

ting leaves and humus on the ground. Damp base- : .
ments provide enough mooa and moisture for them. l. .B._mM avoid light. If they must search for food
, in a lighted place, they will run from a suddenly

e

Sow. bugs ¢an be baited in a damp Ummmsosﬂ by cut- moving shadow, ) .
ting two thick slices of raw: potato and _mf:m one .
over the edge of the other in a dark corner. Sow 2. Response to mdist and dry objects: See which
bugs will collect on the underside of the Uoﬂmﬁo they will ¢ling to ot Jw.am under. .
slice. . ) s
! 3. Notc response to carbon dioxide. Blow some of
Place sow Ucom in a coﬁm@m cheese carton, half- the gas toward them from soda water or a mixturc of
gallon plastic ice cream oosﬂmgmw or plastic shoe vinegar and baking soda.
'y ~
- . \ , e RS):
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4, Put a sow bug in a box and see if there is any crickets from a biolpgical mW%E% house. The crick-

pattern to its response to edges and corners. ets they usually supply are European house crickets. »
bt . * These are the easiest to keep alive under classroom
’ 5. Observe how the legs move. conditions. It is also vﬁm‘mmu_m to find native crick-
’ : ets in basements and fieids, but it is necessary to
6. See how the feelers move. What can they get one to two dozen to insure that you have enough
sense? Do they detect chemicals? Try touching - of both sexes and that mating will take place. .
the feelers with toothpicks that :wﬂw‘»_umm: dipped This should result in the laying of fertile ‘eggs.

in different substances. . .
Place crickets in a dry cage.for insects. (See p. 36.)
Transferring crickets from one container to another
is much easier if you put the caged crickets in a re-
frigerator for 10 to 20 minutes to slow them down.

3upply many. surfaces in the cage for the crickets to
crawl on, cling to and hide under. This will-elimi-
nate stress-due to o<mnomo<<a§o. Coarse excelsior «f
or oncgo_ma paper towels* are good for this. . Yo T
N
To feed the grickets, place dry dog food in the cage
and supplemen is with small bits of fresh apple,
celery, and other aﬁ@mnwzmm. Supply the cage
. with a water bottle and also sprinkle the cage
twice a day. (See p. 37.) Itiwill not be easy to .
clean the cage because of the crickets’ activity,
but the crickets do riot make Bco: mess if a layer
of coarse sand or\sawdust is put at the bottom .

CRICKETS B : of the cage. . ’

A continuously reproducing collection of crickets Males will “chirp" to attriact females. mm,wﬁ:.mmhwofz\ .

_(Gryllus) can be maintained if the classroom. With is Snmn:m_ Females can\be identified by the long ’

little effort at least two generations can_be raised OSUOmHnon. on the rear of the body. They lay_theip——mm
. * over a period of three to six months. The best way eggs in moist soil. The dggs hatch in one to two

to start is to purchase a minimum supply of live weeks, depending on tempjerature.
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To receive the eggs, place a bowl or box containing
at least an inch of soil into the cricket cage.
Sprinkle the soil each time the cage is sprinkled.
(The soil that receives the eggs should be kept
moist but not wet.) Females will be observed
repeatedly inserting the ovipositor into the soil
to lay eggs,.

absorbent
cotton

cricket

dog food
The young crickets are miniature copies of the adult, sawdust
There is ro complete metamorphosis in this insect.

The young are called nymphs. The cricket will live in this small cage for several

weeks if food and water are provided regularly. Be
sure to keep the dog food away from the wet cotton
and avoid getting the sawdust wet, or mold will take
over. If mold is seen growing, remove the contente,
wash the container and start again. When chanuing
containers, remember that cool crickets jump nei-
ther so fast nor so far as warm ones.

The young crickets can be left with the aduits even
though some cannibalism will take place. Loss
of Voung is also likely to result because the tiny
young crickets will crawl out through the screen of
the cage. If you wish, you can transfer the con-
tainer of soil to a glass container, to retain the
young more cffectively. If you do this, be sure to
provide the adults with more soil for egg-laving.

Observe thesc things about crickets:

Care for the young the same way as for adults. The I. Kinds of food consumed. .
young undergo a scries of moults (skin-shedding)

during growth. After each moult they appear whit- 2. Response to light,

ish in color; they darken to brown or black in about

a day. Crickets live an average of two to four 3. Use of antennac.

months. Cooler temperatures (60° to 70°) prolong

a cricket's life, but then the life activities are al- 4, Locomotion,

so slowed up.

5. Mating behavior.
Each child can be provided with a small covered e
plastic container containing one cricket, a large 6. Production of chirping.

48

pinch of sawdust, a wet wad of absorbent cotton,
and twe kernels of dry puppy-sized dog food.

r
Eating and drinking behavior.

IC
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GRASSHOPPERS

Grasshoppers can be kept in the same way as crick-
ets (see p. 47), but only a few can be kept in each

cage. Females already fertilized will lay eggs un-
der the same conditions as crickets. It is more

difficult to get grasshoppers to mate in a cage.

Grasshoppers need sunlight to remain vigorous.
They are more messy than crickets, and the cage
should be cleaned once a week. Grasshoppers can
be cooled for transfer. (See Crickets.) They eat
a variety of foods including lettuce, sliced apple,
tall grasses, clover, newly sprouted grass sced
(which can be planted-right in the cage) and bran
(bran flakes breakfast ccreal). They also nced wa-
ter. To provide it, use a water bottle and periodic
sprinkling, .

Cocoon of ailanthus silk moth

COCOONS AND CHRYSALIDS

The bodies of many insects undergec a complete
change or metamorphosis during their life cycle.,
They go from egg to larva to pupa to adult. A cat-
corpillar is a larval stage,

P
I}

A cocoon is a protective case of silken thread woven
by some larvac. Inside it, the inscct goes through
its pupal stage, protected from its natural encmics
and from the weather. Then it ecmeracs. as an adult.
(Most moths make cocoons.)

A chrysalis is. the pupa of a butterfly. The larva
fastens itself to a branch or board, hanaina bead
down. Then it sheds its caterpillar skin, and the
ncxt skin forms a hard protective covering for the
pupal stage. This form of pupa is called a chrysalis.
After a period varying from days to months, an aduit
butterfly emeraces from the chrysalis.

,~ ‘
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You are most likely to find cocoons and chrysalids
in the late fall or early spring. Look in sheltered
spots — under boards and rocks, on the ground in
debris or lightly covered with soil, on fences or
houses, on bushes, on tree branches or between
ridges on the bark. Most caterpillars eat one par-
ticular kind of plant as the main part of their diet,
so you are likely to find the cocoons or chrysalids
of a particular species near particular kinds of
plants. (See Field Book of Insects by Irank L.
Lutz for a list of plant-insect associates.)

When you find a cocoon or chryselis, you will want
to keep it under conditions similar to those outdoors.
Keep it in a gallon jar, so that when the moth or
butterfly emerges it will have plenty of room to
spread its wings. Put a one-inch layer of moist
soil or sphagnum moss on the bottom of the jar, and
then add a few sticks of wood for the adult to crawl
on when it emerges. Place the pupa in the jar,
above the soil but no* touching it, and cover the jar
with a piece of screening. Sprirkle lightly.

The nosnoancﬂm at which you keep the cocoon or
chrysalis will determine how long the adult takes to
emerge, If the pupa is kept in a warm room
the adult will usually emerge in about two months'
time. If you kecp the jar in the classroom during
the winter, do net let the pupa dry out. Sprinkle
the soil reqularly, but be careful not to overwater,
or the pupa will become moldy.

A pupa found and brought indoors in late fall would
become an adult in mid-winter. Some adults normal-

ly reproduce and die withouvt feeding,
of course bc impossible in winter. :
normally live longer, but you may find it difficult to
provide the kind of food they would usually cat.
Therefore prepare to kill the inscct painlessly by
exposing it to vapor from nail polish remover (ecthyl

Mating would
Others would

acetate) in a closed jar for one-half hour.
sect can then be displayed.
Book of Insccts.)

The in-~
(Also sce Lutz's Ficld

To allow a pupa to follow its natural course of devel-
opment, keep its jar outdoors in a well-ventilated,
sheltered spot. An unheated garage or porch is
ideal. Do not let the sun shinc on the jar. or it will
overheat it. If no suitable outdoor spot is available,
you can delay emergence until the normal time by
keeping the jar in the refrigerator.

You can have the children watch for emeracnce
where the pupa has wintered, if convenient, or -
bring it into the classroom as spring approachces.,

There is no-'need to sprinkle the soil in a jar hept

outdoors:

After everyone in the class has had an opportunity
to look at the adult insect, encourage them to ot
it go outdoors. If you wish to keep it in the class-
room, scc the Bibliography (1. 117) to 1 ntyter the
moth or butterfly and find out what it cats. Some
adult insects live for only a few days, but others,
such as the Monarch butterfly, may live for a year.
If the emerging adult is a female it may lay caas,
but these will not develop unless awale is pres-
ent also.

Q
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You may want to try keeping a caterpillar to watch
it go into the pupal stage of its life cycle, and then
watch for the adult insect to emerge. Your chances
for success are best if you find a large caterpillar
that may be ready to pupate within a few days.
For food for the caterpillar you will need to gather
fresh leaves of the kind of plant you find the cater-
pillar on. These must be gathered fresh daily, or
You may try storing some in a plastic bag in the re-
frigerator.

MEALW ORMS

The mealworm (Tenebrio molitor) is the larval ferm
of a beectle that is found in stored grain. Meal-
worms can be purchaced in pet shops in lots of 25
or. 50, or from bioslogical supply houses.

To culture, put the larvae in a low plastic container,
hox or jar of about one quart capacity. (A plastic
shoe box is ideal.) Cover the larvae with about 2
cups of whole-grain corn or wheat. Good substitute
foods are cornmeal, a mixture of unsugared corn
flakes and bran breakfast cereals, or dry enriched
baby cereal. Add thick slices of potato, apple
or carrot, or apple cores, to the top to provide
moisture. Replace these when dry or moldy,

Crumple some paper towelling and place over the

food to provide cover and hiding places for the

adults. Weigh the paper down with a stone so

that it is not higher than the sides of the container,

or the adults will crawl out, A cover is not needed

if the container has smooth sides, because the ™
adult beetles rarely fly, especially if there is 19
enough food and moisture provided.

Mealworm larvae hatch from tiny eggs that are hard
to see because they get covered with dust and de-
bris. The eggs hatch about a week after they are
laid. The young are small and difficult to find.
They grow slowly, shedding their skins several
times. They are shiny, dry, a yellow-brown color,
and fairly plump when healthy. They grow to about
one inch long before they pupate.

The pupa is whitish in color and is shorter and wider
than the larva. . looks like a small, shrouded mum-
my form. The pupa changes to the adult form in onc
to three weeks.

The adult beetle is white at first, then gradually
turns brown, and finally black. The adults nced

Aruitoxt provided by Eic:
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moisture in order to mate and lay eggs. Be sure to
continue to provide slices of vegetable or fruit on
the cereal.

The whole cycle will take w.o_«_ three to six months,
depending upon temperature, food and moisture, It
is ordinarily possible, however, to find a time when
larvae, pupae, and adults are present at once.

Surplus larvae can be fed to toads, salamanders, or
other insect-caters in your classroom zoo.

The individual insects can be handled by children

on their desks or in small boxes or plastic contain-
ers. (Paper boxes provide a better crawling surface
than plastic.)

Observations of mealworms may include the follow-
ing:

. Life stages and metamorphosis.
2. wmmmo:mm to moisture or dryness.
3. Nicans of locomotion.

4. Response to barriers.

5. Response to light,

6. Response to a‘hard surface as ¢ mpared with a
pile of bran.

7. Behavior of adults as compared with behavior of
larvae,

Other things to observe are included in Elementary
Science Study, Behavior of Mealworms, listed in
the Bibliography.

FRUIT FLIES

Fruit flies (Drosophila) can be attracted to ripe or
decaying fruit during summer and auturmin. You may
be successful in winter too if the flies have hiber-
nated in the building., It is also possible, but rare,
to get fruit which has fruit fly eqggs or larvae on it.

To prepare a bottle for fruit flies, place a picce of
banana in it, sprinkle the banana with a little dry
ygast, add a picce of paper towe!l for the larvae to
climb on, and tape a paper funnel into the mouth of
the bottle so that a small opening (about an c¢ighth

of an inch across) extends into the bottie,

The flies will follow the odor into the trap, bul wall
not be able to find the small exit., When scvera)l
flies bave been caught, plug the opening of the fun-
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nel with absorbent cotton. You may want t» replace
the funnel with cotton, but if so, you have to move
very quickly to keep the fruit flies from escaping.

The captured adults will lay eggs on the banana, and
the larvae will hatch and feed on the yeast. Then
they climb on the paper towel and pupate there. The
complete life cycle takes about two weeks.

More generations of flies can be bred by transfer-
ring adults to bottles with fresh yeast and banana.
If the banana is mashed into the new bottle so that
it will not fall ouvt, the new bottle can be inverted
quickly over the old after removing the cotton plujy,
and the flies will fly upward into their new cage.
You may find it easier to observe flies in a smaller
bottle without food in it. Transfer them in the same
way. For more elaborate fruit fly culturing, refer

paper cone

= tape

piece of
paper towel

banana

to Drosophila Guide by Demerec and Kaufman, pub-

lished by Carnegie Institution of Washington,

D.C., 1967, 50 cents.
Observe:

I, Life stages of fly: egg, larva, pupa, adult,

2., Response to light: See how the flies behave
when you shine a light on one side of the bottle or
slip the bottle into a construction-paper sleeve

with a window cut in it.

3. Respomnse to odors: Put spots of different odors
in a large container. (Try fruits, perfumes, flavor-
ings.) Transfer some flies to the container and see
if they are attracted by particular odors.

4. Response to vibration: Tap the bottle in differ-
ent ways.

5. Crawling behavior: Watch with a magnifier.

6. Lye color.

BEES

A demonstration hive of bees, including a cueen and
workers, may be obtainable from your biological
supply house. If not, the supply house should be
able to suggest a scurce for a hive.

The demonstration hive is a very handy unit de-
signed to be set inside a window.

The pees go in

S
W
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and out through a plastic tube inserted in a hole
bored through the window frame. The hive has
transparent plastic sides. The comb is inside, and
all the activity of the hive can be observed. No
handling of bees is necessury.

The hive is small and may need extra feeding with
honey to maintain it. (A container is provided.)
The most important consideration for a healthy hive
Is to install it in tne spring so that the bees can
collect pollen actively during the summer. A "hive
installed in the fall in cold climates will not show
much activity,

Theoretically, the hive should continue indefinitely,
but keeping the bees alive through the winter poses
special problems of fweding and heating. It is best
to replace the bees cach spring.

GUPPIES

Guppies (Lebistes reticulatus) are small minnows
native to Central America. They are easily kept in
the classroom because they can stand variations
in temperature from 65° to 90° F. ., if the changes
are not too rapid. Guppies eat a variety of food.
They mate readily under almost any circumstances.
The eggs are hatched internally, and the young are
retained within the female's body. The young are
born fully able to swim and feed.

Obtain guppics from pet stores or from the children.
(Someone almost always has too many.) Keep them
in an aquarium. (Sce p. 26.) If you have just two
quppies, they can be kept in a quart jar. Feed them
standard fish food or special guppy food bought at
a pet shop. Adults sometimes ecat the young, so it
is best to provide plants as hiding places.

Observe:
I. How fins and tail work.

2. Differences between male and female: The pres-
ence of the gonopodium indicates a mature male fish.

IC
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The gonopodium is a modified fin used for transfer-
ring sperm. Males are usually smaller and more
brightly coiored than females.

3. Mating behavior: The male transfers a sperm
packet to the opening in the female's bady neer the
anal fin.

4, Breathing: Note increase in respiration rate
with warmer water and lack of oxygen.

\ ‘
5. Feeding habits: Fish can be trained to come to
a particular spot to be fed if the food is always put
in the same place. They usually become condition-
ed to seek food when they perceive motion of large
objects (people). See if they will respond in the
same way if they are not hungry.

6. The flow of blood in the tail of a young guppie
can be easily seen with a microscope. Catch the
guppie in a net and wrap it 1n wet tissue, leaving
its tail sticking out on a wet microscope slide,

This shouldn't harm the guppie if you unwrap and

replace it in the aquarium within 5 minutes,

GOLDI'ISH

The goldfish (Carassius auratus) sold in variety
stores and pet shops are sturdy and easy to keep in
the classroom. ,Qu: will not nced aerators or
heaters for them.

To prepare your aguarium, set the empty tank where
you will want to keep it, in a cool place and out of

direct sunlight., Sand or gravel is not nccessary,
unless you want it for anchoring plants.

Fill the aquarium with tap water. The water should
remain in the aquarium at least 24 hours, preferably N §
longer, before the fish are added, so that the chlo- O
rine will have disappeared. At this time also {ill a
plastic bucket or open jug with water which will be

"aged" and ready to replenish the supply in the
aquarium as it evaporates. You can use a fow

drops of hypo or the water dechlorinator sold in pet

shops to age the water more quickly,

After the water in the aquarium has clearced and has
aqged for several days, purchase your fish, a dip net,
and a supply of fish food. Select lively, mcdium-
sized fish, Check to sec that there are no dead or
sluggish fish in the tank at the store. If there are,
there is a greater likelihood that the fish you buy
will also be diseased.,

H:m fish will be given to you in a plastic baag. T'loat
the unopened bag in the aquarium for about an hour
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before releasing the fish. This allows the tempera-
ture of the water inside and outside the bag to equal-~
ize. The shock of rapid temperature change will
kill a fish, '

The usual difficulties with keeping goldfish result
from keeping the aquarium too warm, having the
fish in too small containers, or overfeeding. Fecd
the fish only a sma!l pinch of food every other day.
Pet shops may recommend enough food to be eaten
in five minutes every day, but ordinarily a feeding
every other day will be sufficient. It is easy to
train goldfish to come for food if you always feed
them at the same time and in the same portion of
the tank. You can also tap lightly on the aguarium
just before you add the food.

If much debris accumrrulates at the bottom of the tank,
siphon it off. 1If the fish come to the surface and
gasp for air, either they are overcrowded or the
water has become foul. For the first situation, pro-
vide an additional container; for the second, siphon
most of the water out and replace it from your aged
water supply.

Observe:

I. How does a goldfish use fins and tail for move-
ment? Which fins are used for moving up and down,
which for moving forward? Does, the fish move
backwards ?

2. Note rate of gill movement in comparison to
temperature of water.

*

3. Observe fish from a distance so as not to dis-
turb them, and note the region of the container in
which they are most often seen. Observations
might be made at five-minute intervals. Do all fish
behave this way?

~4. Note feeding habits. What makes fish come to
be fed?
5. Test for favorite kinds of food. Transfer a fish

to a small container, and clean out food that is not
eaten. Try small bits of the following: plastic,

nails, oatmeal, carrot, wood, insects, hamburger,

cheese, cracker, lettuce.

TOAD

The common toad (Bufo americanus) makes an excel-
lent pet for the classroom. It will of*en live for
many years.

’ »

Keep the toad in a moist cage and provide it with a
dish of water to sit in occasionally. (Tap water
does not seem to harm toads.) Clean the cage
every week with soapy water and rinse thoroughly.
Provide some sunshine.

63
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Feed a toad with mealworms, earthworms, crickets
and other insects twice a week or more. The more
a toad eats, the faster it grows. During the winter
beef liver or chicken liver can be dahgled from
tweezers in front of the toad. If you can dangle the
food so as to simulate the movement of a living
thing, the toad should eat it.

Keep the cage between 50° and 65° F. (See p. 39.)
The toad will then eat less and live longer. It may
be necessary to warm the toad to get it to eat. It
can be warmed by holding it in your hand. When
you pick it up, it may elimate water, but this is
harmless. It is an interesting behavior characteris-
tic for protection. The liquid tastes bad and would
make an animal drop the toad from its mouth.

Obseive:

I. Eating behavior:; This is dependent upon the
toad's seeing movement. Place a hungry toad on
the table and set mealworms in front of it. Watch
the use of the tongue to catch food. Observe the
toad's use of the front feet to position food in the
mouth.

2. Moverment and use of legs.

3. That quality of the skin which prevents the. toad
from drying out. Comvare with frog or salamander.

4. Sex differences: Males will usually croak or
peep when grasped witn fingers behind the front
The male has large

legs, and females will not.

‘

thumbs on the front feet. There is no other simple
way of telling sex.

5. Eyes: Eye sockets extend into roof of mouth.
Eyes are used to force food down when swallowing.

6. Where are the toad's nares (nostrils)?

7. Does it have teeth? (Yes.)

(No.)

8. Does it have toenails?

N Ey

SALAMANDERS

Tiger salamanders and their relatives arc easiest to
keep, but other salamanders also live well in the
classroom. Like toads, they require little attention
and eat well. They may be kept even cooler than
toads (35° F.) Just don't change the temperature

very rapidly.” Salamanders require up to one inch

64
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of water in nrm, bottom of the moist cage, but other-
wise should be treated exactly like toads. (See
p. 56.) Salamanders are usually a little more ag-
gressive. They will eat liver better than toads and
they may learn to take food without its being dan-
gled.

RATS

The laboratory rat is one of the tamest and most
predictable of classroom pets for young children.
For school use they are much better than mice,
Their soft fur invites handling, and their large
size makes them less vulnerable to injury. Also,
they have far less odor than mice. They are
rarely inclined to nip, as a hamster Qomml and
they do not move with quick, unpredictable
motions., -

A cage for rats should have a removable tray and a
hinged top. Unless you are especially handy at

making things, you would do best to buy a standard
laboratory cage. Cleaning must be done every day,

or odor will build up. A proper cage for easy clean- -

ing has a wire grid bottom that allows droppings and
urine to fall through. Wash the cage with soap ev-
ery week. Provide the rats with a water bottle, not
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a dish of water. This can be made according to the
diagram below or bought from a pet shop. Provide
shreds of paper for bedding.

’
1
P

4
\

Test tube —

 l s pry et tr s

5
E

-— One-holed
rubber

stopper —

/Ohmmm or —

copper tube

Watering Bottle
for Mammals

Feed rats standard rat food, called "lab chow."
This is a balanced diet, and since it is a dry, pel-
leted food, it will keep cage mess at a minimum.
Rats will eat almost anything a human will (and a
few other things besides), so other food can be of-
fered occasionally as a treat.

The rats you obtain from a pet shor  biological
supply house should be young ones. Rats mature at
three to four months and are old at one and one-half
to two years.) To tame young rats , you shouild han-
dle them every day. If you handle them gently and

Q
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never tease or hurt them, they will enjoy coming
out of their cages, especially if they are given a
small treat each time.  Rats, especially young ones,
may occasionally leave droppings when taken out
of their cages and handled, but they are much better
about this than mice.

A Bmwm and a female rat can be kept together in one
cage successfully. But the male should be removed
when the female has given birth and during the time
she'is caring for the young. Be sure to handle the

male daily to keep him tame. Do not handle the fe-
male until the young have their eyes open and are

scampering about.

The cage is the rat's home territory. If anything
is poked into the cage, the rat, like most rodents,
will bite it. He thinks that it is food, or he as-
sociates it with an irritant. Be sure that the chil-
dren do not poke anything, whether fingers or food
or pencils or sticks, through the wire, to avoid
training the rat to respond in ways that might make
the animal unsafe to handle. Teach the rat to come
to the door when you open it, by offering a treat
each time. Then when you want to take it out you
won't have to reach into the cage to grab for it.

.

GERBILS o

The easiest laboratory mammal to keep is the gerbil,
a desert rat from Asia. Gerbils have very limited
liquid waste, and their droppings are dry and very
small and have almost no odor. ‘Therefore, the cage
needs cleaning only once a month.

-

One drawback for young children is that gerbils are
very quick, active animals, and are hard for chil- .
dren to handle. But they are ch more fun to watch
than most rodents. They m«%”»m,\mn still a minute,
and they are extremely curious.

Gerbils are most easily caged in an unused or leaky
aquarium or terrarium fitted with a screen top. In
this way they can be easily watched but are protect-
ed from teasing. The more room they have, the hap-
pier they will be.' Put an inch of wood shavings on
the bottom and provide paper or cloth for bedding.
(They will shred it themselves.) Gerbils like to
clamber over and under objects such as paper tubes,
tin cans or boxes. ’

FA

Provide the animals ézsmm watering bottle, not a

water dish. (See p. 58.) Keep the cage dry. Feed
them “lab chow" (see p. 58.) and supplement it
with a mixture om. seeds such as hamster food. Give

o
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~occasional treats.of other foods such as potato chips
and dry breakfast cereals. . >

Buy gerbils from a reputable dealer -of. pets, who will
guaraatee that he has sold you a young male and fe-
, male. (It is hard to tell the, sex when they are
young.) At thrce months of age, gerbils are ready
to mate. It takes 24 days after mating for the youny
to be born. The male may be left in the cage when
the young are born. He will not bother them. Do
.« not handle the females or the young during the pori-
od of nursing, which lasts about si: weeks. The
family group may be kept together indefimtely if the
cage is large enough. A gerbil may live one and
one~-half to two years. *

OTHER ANIMALS
. . ’ -
Several other animals may also prove to be jood
classroom pets. If you wish to experiment, we sury-
qest you find out about some of the following:

\ . _ Sy
. Hydras N " ,.v
Water fleas (daphnia) -

Spiders (web weavers)

Blow flies

Brine shrimp

Parakeets (budaerigares)
Zebra finches .
Ancrican chameleors (anoln)
Hamsters .
Snakes S

FTF
(e

3 3%,:

peix
[3 Tl
e
<
. "t.

v
3e
LA

2
i
oA
G4

60

TEMPORARY HOUSING FOR TRANSIENTS

There-are animals that %oa may want to keep for a
fovr days fora particular lesson cuen thoush thew
are not suitable for cxtended stays in the classroonm.
The gencral rule is to keep their cages as much e
their natural habitats as possible,

Ants: Yeep in-a jar filled with moist soil. Sot the
jar in a basin of water-so that ants cannot cscapo.

Beetles: Keep in moist soil. Cover the container
with wire screen, or with a well-punctured jar lid.

Earthworms:
will burrow
again if vou

'rogs: Use
place water

Put 1n flower pots or terraria. They

x

down, butl should come to the surface

water the pot,

a large container, in which JOou car
and a rock or other dry surface for the

frog to.sit on.

Cover with scroon.

Tadpoles: FKeep in pondwater or aged vrater.  Thev
can be put in your aquarmum with vour fish. Fco
with boiled lettuce. (Sce under Paramceium, B.oill)
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" WHEN CHILDREN BRING THINGS IN BE=Aa3

1

-

Children often bring things to show at school, either
on their own or with some encouragenient. Thesec
- . are often living fhings — a butterfly, an unusual
1 seedpod, a cocoon, a .feather. Shells and rocks
are often collected by children, and a -<child may
bring to school all or part of his personal collec-
tion. - . y - .
When a child brings a specimen to class, how miqht
vou take full advantage of the situation for the edu-
cational benefit of both the child and his class-
.mates? This section contains specific suggestions
on how to guide the child in making his report to the
class, how to stimulate class.discussion and spec-
ulation about the specimen, and how to help*the
children get further information aktout it.

- i

The section deals separately with animrals, plants,
. and rocks and fossils. ’
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WHEN CHILDREN BRING ANIMALS INTO THE CIASSROOM

When a child brings a living animal specimen to
school, the following questions can serve as the
framework of his report to the class:

IN WHAT KIND OT' PLACE WAS THE ANIMAL
FOUND? (Wet, dry, sunny, shady, etc.)

WHAT WAS IT DOING WHEN YOU TIRST SAW IT?
WERL THERE OTHERS LIKE IT THERL?

Have the child take the specimen around so that
cvery member of the class can have a close look at
it. If the specimen is very small, provide a magni-
fying glass. When the chiudren have had time to
watch how the animal breathes, moves, etc., ask:

HOW DO WE KNOW THIS ANIMAL IS ALIVE?
WHAT IS THE NAME OF THE ANIMAL?

On p. 63 you will find a key to picture charts that
may help identify the animal. If it is still unidenti-
fied, sec the Bibliography for further help. Bear in
mind that identification is not a goal in itself but
serves as a lead to further information.

WHAT OTHER THINGS WOULD WE LIKE TO KNOW
AROUT OUR SPECIMEN? (How it eats, how it
cteans itself, how it spins a web, how it lays
cgas, how it builds a nest.)
If part of an animal, such as a feather, a bone, the
skin shed by a snake, a pupa case, or a shell is
brouaght in, ask:

.found and observe it and others like it there,

WHAT PART OF THE ANIMAL IS THIS SPECIMEN?
WHAT IS ITS jOB?

These questions should generate activity of two
kinds: furthcr observation and readina.,

Obsexvation and experimentation may be canied on
in the classroom. (See p. 90 for museum c:hibits
of living things, and pp. 42-60 for discussions of
specific m:wsm._m.vc To obtain certain information,
further observation in the animal's natural habitat
may be necessary. In this case have tl. child who
brought the animal take it back to where it was
(This
might be an assignment for a committec.)

The Bibliography syggests sources for further infor-
mation about animals the children are most likely o
bring into the classroom. Also check the inde: for
other references in this handboolk.

If the animal.brought in is a pot, classroom discus-
sion might follow this pattern:
WHAT BREED OI' ANINAL IS IT?
HOW OLD IS IT?
WHAT DOES IT EAT? HOW IS IT CARLED FOR?
DOLS IT HAVE SPECIAL USEs”?
Sece p. 25 to help you decide vwhether vou want to

Keep a particalar anmimal in the classroom or send 1t
home,

G
. O
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KEY: WHICH ANIMAL IS IT?

COUNT THE LEGS .

Does it have no legs?

If its moo.< is covered with scales it is probably . .

If its body is naked (no hair, no scales) it is probably

If it has no legs but does have one "“foot" itis . .
Does it have two legs and feathers? If so, itis. . .

Does it have two legs and hair? If so, itis , . . .

v

Does it have four legs?
If its body lLas hair, itis -. . . . . . . . .,
If its body is covered with scales it is .

If its body has neither hair nor scales, itis . . .
Does it have six legs? Ifso, itis . . . . . . .

Does it have ecight legs? If so, it is probably . . .

Does it have fourtcen legs? If so, it may be L. .

Does it-have many legs and does it look like a wona?
If so, itmay be - . . . . . . . . . . .
or it may be e e e e e e e e e

or it may be

%

.

See Index for
information and
bibliographical references

»

Ilustrated

. a snake
. a worm
. . a mollusc

. . a hird

. . a mammal
. . a mammal PP
. a reptile - -~
.o an armphibian
. an insect
. e a spider
< . a sow bug
. a centipedce
. e a nillipcde
3
I an nsect larva

paqaes

71
69
70

75
71
71
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INSECT LIFE"CYCLES i~
Eqa Larva Pupa Adult
Golden-eye
Jacewing

9q
Y

(-tadx ) oan)

Monarch Butterfly

O

{ - 1)) (to Z )

-

Cocropia Moth

{to tar,)
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Larva

Pupa

7 Tent Caterpillar
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Egg

Larva

Pupa

Adult

Mosqguito

(single ogg

n.)

&

House Fly

AL., mn.)

Caterpillar
i

Hunter \
»r

. 7
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Egg

Larva

Adult

Ladybird Beetle

June Bug

(to | 1n.)

Carpenter Ant

!
500

in.)

(

(1o
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fne insects on this page do not go through lar-
val and wupal stages. The young arc called
nymphs. They usually resemble the adults,
but are often without wings. We show nymph
stages here only if they are very different
from the adult forms.

LAND INSECTS

. 1.
Aphid (to o in.)

windless foinale

Grasshopper (2 iny)

in.)

CGrici ot 4 ang)

FOUND IN OR AROUND PONDS

Giant
Water Buqg

! ,
(2=~ )

L

!

ratcr Poatr an \ ﬁ% r
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SPIDERS

(WITH 8 LEGS)

WORMS AND WORM-LIKE ANIMALS

Harvestman
(Daddy lLonaleas)

Spiders' scale:
life-size

Garden Spider

Tarantula

.

Earthworm
(up to !l in.)

Pond Leech

]
R a3
Amﬁo;:.v

MANY-LEGGED ANIMALS

|~

N
%‘l'
Nt
-y
=2
b=
(\
G
E_J

-S. Millipedes
7% |
? ry A.l HO " mn vv
diond , 2 \
Sovy Pugs p p
”w /

(to T in.)

Housc Centipoeds

(' ird
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AMPHIBIANS AND REPTILES Scale : hfe-size

Southern Toad

|m. :\s\. »l.w.nv. 224

Tiger Salamander

Greatoer
AVostorn
Sk
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Thirtecn~lined

San Bernardino
Chipmunk

Ground Squirrel

MAMMALS

>

American Harvest Mouse

( Scale : one-half life-sizc ) -
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WHEN CHILDREN bR:XNG PLANTS INTO THE CIASSROOM

A

When a child brings in a plant or part of a plant,
the following questions can serve as the framework
of his report to the class:

) ~ 4

WHERE WAS IT FOUND? . Coew

WHAT SORT OF' PLACE WAS IT
moist, dry.)

(Suniy, shady,

WERE THERE OTHER PLANTS LIKE IT IN .H_:m
mw? E PLACE?
) 7
flave ﬁ..o children take the specimen around so that
every member of the class can have a close look at
it. (Almagnifying glass is often helpful.) The chil-
dren way be curious about what is, inside a speci-
men. fYou should have a knife available to cut open
fruits wr_, to peel stems or cut across them. Ask:
A .

WHWAT DO YOU THINK THIS IS?

WHAT JOBR DO YOU THINK THIS PART OF TIHE
PLANT DOES™ %&molj water, carries seeds,
attracts 1nsccts, cote.) | \
Pages 71-30 contain questions portaining to partici-
lar specimens. These Q:OwSO:m nay help vou quide

class discussion, e

e
) e

& o
After the child has made _his \woco: and after 2:,
class 'has oswoiwvm amid discussed the speciinen,
vou miaht asls:

R , _y

taan pTants,

e

HOW CAN
mEHOH.(:,Z ?

WE FIND OQH ./.OE; ABOUT OUR

The wOquo:oo columns on pp. 74-80 suggest books
that may help identify the specimen or give more in-
formation about it. If the specimen brouaht in is ot
included among the jtems listed, consult the Biblio-
araphy.

Lventually yvou and the class will face this problers:

WHAT 51 GULD WE DO WITH THIS > SPECT

NE
CXAMINED AnD UH.m,

fﬂ/\f S AP AWVE PAVE
USSED (P2
If it is in suitable condition for Feepinag alire, vou

-

may want to & cop it in your classroom aarden (v, 3).
JL may be a aood specinen for your musowma (L., 770,
[t ay be appropriate to send it back hom.e with the

child, or il may be ready for discard.

While choldren should be encouranged to beina thians
to school, they should be cautioned aramst (idis-
criveinate collecting,  They shorld always ash per-
nission to colloct ».\m priviate property. [T

should not_colect spechiens in pubhic varks, Coor-

such as lady shppors, are rrotoct «.

Faw and should never he pyeled,  Othors shor i »ot
he collected becanse thoy are porsonous [ 1.
Ioall collectivy, chiddren shonld be Yyt

1ood consoervation habatos,

3
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Questions to Guide Observation

Maintenance

References

Where was it attached? -

Are there shiny lumps on it?

What are they? (Resin.)

Trace with your finger the pattern
made by the scales. (They
form a spiral.)

Can you find seeds? (You can
sce seeds or places where
seeds were on insides of
scales.)

Store dry in
bags or boxes.

Pl

Cormack: The First
Book of Trees

Zim: Trees

.

Describe the leaves., (Cut, irreg-
ular, curled, etc.)

What sort of a place was it grow-
ing in? (Damp, cool, etc.)

What is on the backs of the
leaves? (Brown spots.)

What do you think they are? (Look
through a magnifier; consult a
reference book.)

e

S

If fronds, put
in water,

If whole plant,
put in terra-
rium.

Encyclopedia

Dickinson: The First
Book of Plants

Sterling: The Story of
Mosses, Ferns
and Mushrooms

Zim: Non-flowering
Plants

Is it a single flower, a spike, a
head, or a cluster of flowers?

What color is the flower?

Are all parts the same color?

What kind of odor does it have?

Do you find some yellow dust”

Do you find a sticky place in the
middle~

Cut down the center. Do you find
tiny seceds”

What other parts do you find~

2

Make new cut
across stem
and place in
wateoer.

If whole plant,

pot or put in
terrariurm,

-~
=

Seed or Nurscry cata-
logues for identifica~
tion.

Lane: All About the
Nowering World

Part.cr: Flowers.,
fruits and Seeds

Zirm: Tlowers

IC
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Plant or Plant Part

Questions to Guide Obscrvation a

Maintcnance

»

Referonces

What is it? (Apple, orange, ctc.)

How was it attached to the plant?
(Look for a small stem.)

What do you think a fruit is?" (The
part of a plant that contains
the seeds. Note that this in-
cludes nuts, cercal grains, and
such "vegetables" as tomatocs,
squash, etc.)

What 1s inside?- How many parts
can you find? (Cut it open to
sce skin or shell, flesh, seecds,)

Refrigerate.

Seed catalogues

Fenton and Kitchen:
Plants that Feed

Selsam:~ Plants We
Eat

What kind of place was it growing
in? (Cool, dark, etc.)

What was it growing on?

What 1s it Jike inside?

(Note warnming on p. 24.)

Refrigerate or
keep as dry
specimen.

If a mold,
transfer to
bread or fruit

and kecep
moist and
dark.,

Eacvclopcedia

Dickinson: The Tirst
Book of Plants

Parker: Depernden
Plants

Sterling:

The Story of

L4
i

nlos
andg

s, Foerns
lushrooms

s
N

Zir.: Non-floveerina
Plants

What 1s 1it.adached to?
Is there anything inside?” (look
for larva or winged inscct at

very center.) o
Is there a hole in it” (The insect
has come out.) :

Feep as dry
spceeimoen.

»

ey clopedala

Parker: Dependent
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»
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Flant or Plant Part

Questions to-Guide Obszervation

Naintonanceo

%

holorey o s

Leaves

Is it necdle-shaped or wid.»

Arc the cdges smooth or wa v»

Does the leal have lobes or
points™

Arc there hairs on the leaf

Trace the pattern of the veing.,

Arc there spots or holes on the
leaf”

What do vou think made them?

(Insects, dizcase, injury.)
What tree is the leaf from?  (Sce

references.)

Sometimen leaf alclaetons age
found., These are the wocd,
PArts of the water condveting
systemn which appoear as an
intricate gyatewn of veing,

Koo in wrater,

a1

Pross and dry,

or

ron Loetwoon

Biwits of

SR T

N I

v loaf ol -
i

.
Dbt
1

What Lind of place wag it grow g
mn” (Darp, dry, shady, sua-
ny.)

What color 13 14>

Can vou soe qrowth ringas on iy

Can you scc Nittlc evpys or dysioas
ont? (Vse a magnidiry,) s

f

ooy ans apeyr

GPhedcrr ooy, or

Put on o.n
toyrariv o,

«./4.‘ R y o
Rl A iy ¢ .¢v

oo of Phyrts

Parbor: Doy ordory

—
plants
—t

by TLor=th v
o T
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R -,
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Plart or Plant lart

to Gurde Obscration

iy

Alaniten

ance

NMosses and tiverveorts

What knd of place vias it arowing
i (Damp, shaded, ctel)

What was 1t growing on”  (Soil,
hark, rock.)

Fiow wany parts can you find”
{ tiny leaflets and roots,
capsnule,  Tivegerort: tiny roots,

Ny
(BT I

Put noa

100kt

torrarivie,

(Scd o,

11,

rercionadin
Pichinzon: 1ne hrst

Pocl of Flaats

PR PRI v.

NMoga=~Tibe vlhants olinaing to rochs
and woaod (alaac) .

Rootcd, Yeafy phots (cattarls, cel-
arass, watee Hlies),

Howr vy varts can vor find on
cach Lind »f plant?

If po.saible, look gt he e
nor oo setupe .,

NS O A T TSR T CTRRPRL A PR
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Aiten ooy =floure vy
dareon leafy structures,) ; e
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Plant or Plant Part

Questions to Guide Obscervation

Al v - ~ ~
Rolopnoes

sceds

NN x
Seeds

Some plant parts that are tochni-
cally classified as fruits are
commonly called sceds and
are included on this page.

|

11

Ar they 'attached

rours”

(Grass,

Are thovy

corn, )

attached 1n heacdsvy

(Dandelion,

How are they attached”
some off, Note tinv
look. fotr scar.)

sunflower,)

(Pult
stoem;

Store

STEAIEES

dre

of

!
J
4

Do :#.:\rm:.., attached c,.“:.rw

such

W down or hook
What

coloy arce thoey

,I,J

"

Can vyvou nnd patterns on Ui v

What 1s  thoar
What parts
apart to

plant, stored food.)

S0

What shape e
Hove daes at open
Peseribee the ooty
tire,  hardpes:s,

soerthes the annpde,

o

IR
Coor, te sture! AL
E5aN 7o

.daﬁnu.‘:*

soechons”t

_t...;.. e

ey oty ,

shape”
can you find»
sood enat,

«1.._. I
by

Cothore
Vo by
i

{

Store
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Plant or Plant Part Questions to Guide Observation hMaiptenanceo Refore s s

Scems and Twigs A
With Leaves A Zv -

y \. How arc the lcaves amranaca? ‘

N , .
\% W/ Ooﬂ {Opposite,  altermate, Keep fresh

ﬂ/ i F A‘\r /./ ,‘,..*mﬁo«H_@.v N water, or
< Detach a Teaf., too': at the scar fress, dry, or
it left, look for the bud
abore the scar.,
Alsa soe Leavez, p. 70,

>

N ke rubbang,
oF spattor
print.s, ..

¥

Stems and Twias o _ .
What marhs Jdo vod oo

Without Leaves . \
Arc-those r.art s om A pattarn on

the stean” (Opposite, alter-

nate, whorlod,)
Wit are theeso {1 ceat
Vhat other > arhs apes thope ™ Povoaomratey

(Jecatohes,  Htthe poge s,

(bt ras

wenn e s ) NETETRITE BN
VoAt s gt the cont oo e ot o Storo b,
U

Wheoe b are thore bage

Nt s b ke the o
o,

Wiinat s by the bt
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Plant or Piant Part

Questions to Guide Obscervation

Mainton

ance

Referonces

Vogetables

What part of the plant 15 it”
("Vegetable™ is a gqoneral tege
including fruits, leaves, stems,
roots, seceds and bulbs.,)

What 15 insi1de? (Shice across to
see sceds, fleshy parts or va-
tor ducts,)

Fhink of some leaves we cat.
(Lettnee, cabbacae, soinach.)

What feaats do woe usvally catl
veqetables? (Fowatoes, pejo-

Re friarrats

A shoen fro
the tor of
Cacrols, b

+

o~

Sewe catiloares

Fentoy and ivclien:
Plants that Tood

OF T abh s Vs
pors, cucuribars, corn, squash, vl spro L - .
ot See nnts, p. 75.) RRRLLTN PR Sel=ans Tlants W
What seceds do wie cat ? :, onet Lt
peas, reats, e s TR N SR A
Nan o some sten s s ooty s oar-
asius, celery, winte potata,)
What roots do e cat™  (Clarrot,,
vacseshe, o gwvreot potatoes, ot )
What halos dos e cat . (Om )
Proeco gt writh oo g cuad, . .
\WWood a. o hang (OIS LL I i
frace the pattorn,
ool tor anmead 1, < O et T Tar ot
T taore bar'son b voods T O Coo ot [ree
color, pattera o ot
Atk e hat v oh g ati, L v RERRER S H:htrt!mm
. Fye o2
Do vt Uyor b e b

Prccoes > It s Y -

ot ood, vhiehor, o vyl
[ ]
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WHEN CHILDREN BRING IN ROCKS OR FOSSILS

A childwho brings a roclk: or a fossil to class shows
it off proudly and is ansious to know what jt is.

An adult with some knowledae of the subject might
tell hira, "Quartz," but in naming the specimen the
adult runs the risk of closing off the child's curiosi-
ty about it, It is imporwant not to do this. The
child should ke stimulated to focus on the prop-
crties of the specimen, becausce the properties of a
rock or a fossil reveal its history, ’

A particular sot of conditions produced the .peeinen
and made 1t look us it does. How can these condi-
tions pe deternuned? Parst, the propertlocs of o rock
can be obscrved, The place in tthich 1t vas found
nay provide additional clues, 1 “en Huagination nuast
b brought into play in trying to _?,nc:uc.cc_“ the con-
ditions that produced the utcc:_&:.

The followine @moni@:m arc for an imtia) discussion.
Use the identdfication guide on the following pactes
to hetp entend observation.

WHERE DID YOU T'IND YOUR SPLECIMES
(Bearh, tield, bottors of a aliff, «te,)

HOW DO YOU FHINE IT GOT THERE" )

TELL THE CTASS WHAT YOU THINK Ta PSPECIAY -
LY INTERESTING ABOUTIT,

CAMN YOU DESCRIBRE YOUR SPUCIVEN [O Us"

(foiture wna colory presence of whiorp oot 1o,
speckies, layers, orystuls, cic,)

A very cffective way to help the cuilld focus or
propertics is to havce him compare his ap
with another vou alrcady have in the clasaroor .

O e

Have the specimen talien around the ¢class for over -
one to sce, Prosride a ragrityirg alass.  Dncovr-
age the children to speculate onwhnat saht accour @
for cach of the propertics that are notca.,  Otheor
questiops they may ask can sorve as bamns for Hie-
ther stady,  Tor eramples

oD
IS T VALUABLL - @
WHAD ARE THE 3THMY STOTS
HOW O1L.Dis IT>
WHAD IS I U2eD FOR™
Have the elass shsceusns those goe s feat, o
Lthon o on to a inore sy stenatic o g I RATSTR R0 R
on the identification vorete on the follaw e ba s g,
Pooadly refor the ohitdreon to boob.oto ob v o the oy
sncerutat,ons,  (See Bibliogeanhe,)  Obalare:. ar
very dihely Lo ash questons tor wheh Lthre are o
avartable anasweme, ot 30 cnar e g BOUreT 3l 0 Lt -
prent rather than fenstyatior for thor 1o shark al o e
hovenueb theve s JEto L dhiscoverond,
. o
«*
: W R
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IDENTIFICATION GUIDE FOR ROCKS AND FOSSILS

Children should feel free to pick up a rock, to
squeeze it, scratch it, try to write with it on a side-
walk, look at it under water, and (with permission)
try to shatter it, (See p. 84 for precautions.) They
should find how differcnt the surfaces of breakage
can look in different rocks. They should discover
the different ways that different rocks sound when
clicked with a fingernail or another rock. -They
should look and touch ~nd test and compare freely
to discover all the properties they can.

On the following pages we describe several types
of rocks and the kinds of environments that produced
them. The discussion is focused on casily obscrv-
able properties. Traditional terminology in rock
clagsifrcation is intentionally omitted here. Terms
such as iqnecous, metamorphic or scedimentary do
describe the environment that produced a rock. But
when a child learns first to identify obscrvable prop-
erties and then to interpret their significance, heis
equipped with a process that is wmore reliable than
memory of terminology. Thus, the "right answer” to
a question about a rock is not so important as the
steps of ohservation, interpretation and speculation.
A reference book will finally ﬁcm.) the rock a name,
but it is the child's prior observations and analysis
that qives the name a meaning.

SMOOTH, ROUNDED ROGKS

These rocks have been subjected to the action of
vater, ice, wind, or all of these, 1f you watch wa-

ter flowing in a brook or toward a sewer after a rain,
you can see how the water lifts and carries pebbles

and grains of sand, bumping one against the other
in the process. Suggest that the neit time the chil-
dren sce water carrying pebbles or grains of sand,
they try to find out vrhere the pebbles or sand canic

from, and where the water is taking therm..

ROCES THAT 100 { THE HARDEMNED LUD

If the rock has layers and looks like hardenecd niud
or clay, it is probably part of what was once a mud-
-dy bottor: of a lake, or the mud at the rmouth of a
river. The body of water has lonqg since disappeared,
and the nmd has become stone.

The children should think about where the rrud came
from and try to imaginc the result of many tons of

mud piling up over many ages. Suggest to the chil-
dren that the next time they sec a pond or broak, or

water flowing from a drain spout, thev should watch
how the tiny grains of mud arc churned about by the
water and then dropped alonag the bottom and sides.

SMOOTH, SHINY ROCKS

If the rock has smooth and shwny sheeots or platecs,

it was formed deep wathin the carth as areat ureg-

sure s foroed arestals flat anainst each other,  Chil- .
dren can try to show vou the  direction of the pres-

sures that made the crystals (lat by pressing  the

rocto with their fists, .

>
-
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ROCKS WITH CRYSTALS

You may recognize crystals by their regular and re-
peated angular forms. Have the children look for

all the different crystals in their specimen and ob-
serve their shapes, colors, and sizes. More than
one kind of crystal may be found in a single rock,
and crystals of the same shape come in different
sizes.,

You can casily qgrow alvm crystals and other crys-
tals in the classroom. (Sec Heller, Geology and
Larth Sciences Source Book.) You may find a
recipe for rock candy in your cookbook. Rock candy
is nothing more than large sugar cryvstals,

ROCKS MADL OF PEBBLES

If the rock looks like a mass of individual stonces
cemented together, it may be natural or man-made
concrete., The broken picces of sidewalk a child
may bring in are man-made specimens of rock. It
may not always be casy to tell if a mass of ce-~
mented pebbles of various sizes or shapes 1s nat-
ural or man-made,

ROCKS MADE OF SAND GRAINS

If the rock secems to be made of grains of sand it
may be part of what was once a beach. After many
years the sand grains were cemented into stone,

Many children will have seen sand in its natural lo-
cation. Have them speculate as to where the arains
of sand came from and why they are found near the

water,

A class visit to a beach weo..1d help all the childrer
to a better understanding of the kind of place where
the specimen originated.

FOSSILS

If the rock looks like a shell, l~af or animal traclk,
it is probably a fossil. When vou sce a shoe print
in a sidewalk, you “\now that a person stepped theie
before the concrete hardened. You can infer that
the person was walking, not crawling, and that the
climate or fashion required that he wear shoes of
the outline you can sce in the concrete. Similarly,
when you sece a fossil shell, bone, or egg, you
know that a living thing was there before the rock
hardened around the animal's track or arourd the
plant or animal itself,

O

J

The fossil is a clue just as the shoe print is a clue,
Each tells you something about the liviny thang that
made it and about the environrient. To find out what
left the clue, and to learn something about its on-
vironment, you can do two thinas; 1) Consult the
works listed in the Bikliography (1. 122), or 2) Comw-
pare the fossil with similar livina anunals or plants.
Notice, for eocample, whethor o sindor onail hives
in water or on land, or compare the shapo of the
fossil bone with bones that you can {ind at the
butcher shop. Compare the shape and size of -
printed plaats and plant parts with similar livine
thinags. Such comparisons can help you w rake in-
ferences about the fossil and its enviromment.

Some of the processes that preoscerved the livine
thing as a fossil can he demonatrated in the class-

IC
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Seecd Fern

amp Shell

rooni, Theso are described in Geology and Barth
sciences Sourcebook, cdited by Robert B, fleller,

ROCKS WITHOUT SPECIAL CHARACTERISTICS

If a rock has no crystals and no special color pat-
terns or structures, if it looks glassy or greasy or
nondescrivt, give Lthe child a maqgnifying glass and
have him look closely for any trace of a repeated
pattern such as short ribbinas or reqular bumps. An
ohscure repeated pattern may represent crystals that
have been worn smooth. If he finds nothing that re-
motely resembles a repeated pattern, one of two
things is possible: either the crystals have been
completely weathered away, or thore never were any

arystals.,

Aslk the ~hild if he thinks the rock looks the same
on the inside as it does on the outsiae. Then, if
you trust him with a hamrier, have hirm.check his
answer, (The rock should be vrapped in a picce of
cloth or tough paper to prcvent picces from flyvina
and cauvsing injury. It should be laid on a Foard for
hammering.) The child should think about what he
finds. What makes the inside and the outside of
the same rock look different?

ROCKS OF DIFFERENT SIZES

If there arc two similar rocks of difforent sizes, ask
the children how the rocks got to be the size they
arc. Do the childron think that the smaller rock

will one day grow up to look bhke the taraer one”
Will the lavaer rock break up to ool e the sroal-

ler one? What could make a roc)k: brealk ™

If there are cracks in sidewalks, potholes ir roads,
or pebbles or houlders at the foot of a hill, ehloren
bave cvidence that little rociis come from bia ro=hs,
How does this happen” Have the children sneculate
on what makes one slab of concrote near a troe
higher than another beside it. Or ask them RS SR
did so many pebbles come to he so cloze to the
holc in the road”? How could stones havve seen
scattered cround the hitl” " Halp them to sce Low
tree roots break rocks and concrete, how MOV . A
vater washes awavy mud or 3tones, and how wvird
picks np sand and dost. Wind, water, alacicrs,
vlant roots, and alternate freezing and ths wina, alt
belp Lo bread. roaks aidd - ove the: , cansiaa (he
oacth's curface to chanae continnuatly,

93
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YOUR CLASSROOM MUSEUM

A musecum exhibit is a special kind of display that -
tells a story with a group of real objects. The story
lics in the relationship among the objects, and
scryes to clarify and enrich a topic being studied,
In the approach to the classroom muscum we devel-
op in thiz handhoo!, these relationships are called
thermes for oichibits,

A mniscellancous collection of objects on display
cnables childron to learn a few facts about each
of the objects., Dut when some of these same ob-
jects are grouped with a numboer of others around
a central idea, the children have additional oppor-
tunities for learning, In thoe process of Jrouping
the ohjects, children are called upon to think anaty-
tically, They cowpare, order, qeneralize, eotc.,
as they decide how objects are related and how
cach new objyect fits in wilth the Ltheine of the oxhibit.
For erlample, vou ¥ kight set up an acorn and the
branch of an oal tree as the core of an cxhibit,
Suppose the clazs aarees that the theme of the o=
Mibit shoule be "Parts of an oak trec."™ The ohii-
drepn shoula thow he nped o thinlo abot t v hat other
things they mioht find that are also parts of an vak
troe, such as buds, bacs, a bloch of cut woodd, ote.
I'hev shoutd then try to fined einples of theze o
jects to add to the enhiint,

Suppose for the same core objects (the wcorn and
the onl. branch), the class agrees orn o differont
thenme, "The e cccle of ar oak tree.™  Mher thew
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86 .

have to think about the oak tree in a different way.
In this case, additional objects that fit the exhibit
include an oak scedling, oak flowers, and photo-
TIvh of a rature oak tree or forest,

fhis sort of involvement of the children in the sct-
any up -af ethibits 1necrecases the educational valuce
of a classroom musaun,  An exhibit might begin
vith a single objoect a child brirgs in. In this case
the class can.decide on what characteristic they
would like to use as the theme for an e:xxhibit. Or an
ochibit might start with more than one object, among
vrhich the children discover a relations hip. In ecither
case, once the theme has been decided on, the chil-
dren should bo encourageff™to think about and find
other things that will fit the exhibit. Everything
possible should be done to make the muscum a pro-
duct of children working under tcacher Q:Em:ﬁs.
and not a product of the teacher alone.

XIHIBIT SUGGESTIONS

We give here several examples of relationships that
can be themes around which objects can be grouped
in an exhibit. You and your children will be able to
think of many other themes, depending on what you
are .VEQE:Q. what' season of the year it is, and so
on. In additior to the themes suqqgested below, you
will find on pp. 91-93 a list of appropriate ox-
hibit themes for cach of the MINNEMAST units.

If exhibits are chanaed periodically, the class ean
have the opportunity to e .v_o?, a variety of relation-
ships

CONMMON PROPERTIES

A smooth rock, a smooth leaf and a bird's cgg can

be the core of an exhibit. The rclationship that -
makes them suitable as an exhibit is their common -
property, smoothness. Other properties around
which exthibits can be built are color (assorted red
objects), a commen number of parts, softness,
pointedness, ctc.

//

ORDER OR GRADATION

An cxhibit 'can illustrate diffcrences of uradation —
for cizample, a scries of shells crdered by size, or

a group of objects ordered by texture, from smooth-
cost to ronghest,

LITL CYCILES

.

Select objects that represent differont staacs in the

life ecycle of a particular plant or animal {caterpillar,

chrysalis and butterily; or sced, scedlina, mature
plant and dried-out plant). You might start tho ox-
hibit with an ecxample of one of theze life stages’)
and discuss with the children what the animal or
plant would look likec at other times in its life. To
complete the exhibit encourage the children to look
for specimens of the animal or plant in other stages
of its life cycle. (You may wish to locate o .ms;:om
of all the life stages ahead of time to hold in re-
SCrUe, 30 you can assist the children if they have
difficulty in finding any of them.) Pictures and dis-
cussion of human life stages set an interesting back-
around for considering life staqes of other living
thinas, )
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PLANT OR ANIMAL PARTS

Exhibits of parts of plants or animals can be organ-
ized in several ways. You or the children might

collect leaves, twigs and bark of a particular kind
of tree, or you might sct up a display that enables

the class to compare similar parts of different liv-
ing things, such as leaves from @Mmmog:n kinds of
trees. An animal parts exhibit might show feathers
from many kinds of birds, or it might include sam-
ples of the feet, shull, and tecth of a sinale Mind

of animal, together with a picture of its footprints,
and a picture of the whole animal and its natural
habitat.

Another type of e:thibit 1n this cateqgory is related to
social studies. You nriqht classify as animal, venq-

ctable or mineral the various materials used in mak-
ing clothing — metal buckles; cotton, wool and ny-

lon ,n..mo:d. wooden heels on _omn:c.« shoes, cte., MNa-
terials used in building a house could Le classified

anel oid ntodan the same way,

OTHER THEMES

What if a child brings 1n an object that does not
s o rolate v g 2 of tho evisting o Shpdb gt the g s
Boalert to his originality in reasomng.  Aslh him to
tetl you the relationship he s :i:f:: of, and you
caa ey well nind vonrsgelf with nevr thenoe for an
exhibit. For o anple, snppose an oshibit built
around the conunon proporty of greenness inalnded
A dreen rock, s areon apple and a green cande ball,
A child maght brinoan an orange and sav ot it in-
to the eshabyt becayse gl thin s oo the o2hibgt are

|

<~ '

~

round. This may not be what you intended, but it
is <m:a You might let the class decide to qwm:,oo
the basis of the exhibit to roundness, ars include
tine orange; -you might set up arother exhibit of
Wo«m:@o objocts; you might develop an exhibit of
round objects with subsets of different colors.
Suppose a child brings in an object that is inter-
esting, but he and the class are unable to establish
a relationship between it and the other objects al-
ready on exhibit. In this case the object can be
labeled and included in'a separate group of mis-
cellanecous objects, some of which may at some fu-
ffure time be related to other things to make ap an
‘exhibit. In this case, of course, the "How it fits®
item on the label (see p. £3) would be left blank
until a theme H.mxaonaoa on.

9e

SETTING UP THE EXHIBIT

The best iocation for an exhibit depends on the na-
ture of the cxhibit and the convenience for teaching.
Exhibits may be put on display on a table, windovw-
sill, bulletin board or counter top.

X

Rules for exhibits should be set by the children and
teacher, according to the neceds of a particular dis~
play. The'children should be free to handle exhi-
bits whenever possible.  If something is perishable’
the class should he made aware of this, and they
should share in sctting up appropriate restrictions.
If a sptcimen is brought in by a particular child,
his feelinas as to how it is to be treated should be
res vvmﬂom . ”
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brownislh ayveen .
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Exzhibits should usually be made Euxohm natural ob-
jects, but pictures can sometimes be used to en-
hance the ecxhibits. Pictures might show living\
things in their natural environment, or they might
show stages of a life cycle that are difficult to

. include in their natural state.

LABELS

, According to good muscum procedure, you will want
vour exhibits to be clearly labeled. Even if the chil-
dren cannot read the label, ﬂ:mé. should :omo supply.
the W:moﬁsmﬁo: vou put on it.

We suggest that you reproduce standard labéls.

Two kinds will be reeded: Y

[RESSI a
l. The e Egﬁ should be labeled moo.ow.&:@ to the
nm_mSo:mr% m:.ocsa which it is built —for ¢: mgm_m
"Smooth things," or "The life of a butterfly.®
w. Each specimen in an exhjibit should also have

its own label giving the EMQ.BQSO: listed below.
a .

~

Propertics

E ]

Take the spcocimen around for close ovwozm,,ﬁ.ﬂd?.mmi
| let the children sugyest what should be ohtored nesxt
| to this question on the label,

Where was it found?

~ -

. . ' . .
I'mis labeled item should as far as possible relate
the specimen to its natural environment. Ideally,
the source of. a specimen should be given as

was found is
“this helps in identification or tells

»

from the woods, a field, a lake, an cmpty lot,

construction site, ctt.

’

Such information can :m_b explain some of the char-
acteristics the children will observe about speci-

ménsT For example, the differcnce between two

plants of the same variety may be traced to the fact
that one came from the middle of a field and the
A rock
found on a beach fwz probably look diffcrent frors

other came from a crack in the sidewali.

on¢ found at the mogo:, of a cliff, and this diffcr-

cnce also may be
tween the two .o:SN.o:Bo:ﬁm“ onc rock
rouvnded byt
hé sharp or
rock. <.

¢

The height'above the around at which a specimen
For maany specimens
something about
the location of
a bird's nest helps tell x.rwﬁ kind of bird built it.
A‘b label would speeify th
o: the qround,

also important.

the natural habitat. For example,

|

at ¥nece lével,

"over my head," etc.-

Objects from distant places miaht also bBe labeled
with the name of the town.
on a map or globe, the children con have somc
sense of its distance, its chirmate, cte.

When was it foun-i?

he time might be deseriber by datee,

time of day or maht,
)

{

~plained by the differonces be-
may. be
action of water, and the other may
iyod, newly broken off from a larger

at a specimen was found
at shoulder rr/:uf .

If the tovmr is located

ins season, e
cr whatesrer seemrs approrrate

‘

()

E

¢
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How doces 1t fit in the cxhibit?

This entry should be included on each label for-indi-
vidual specimens, as well as on the genera) exhibit
label, because it conditions the children to focus
their attention on the relationship that serves as
theme for the erthibit, Before they bring a specinien
1, they should have thought about how it fits.

What ;s it?

The chances are that some child viail come up with a
avneral name such as a leaf, a caterpr'lar, or a spi-
dor,  To make this entry mwore specific, ask what
aind of leaf 1t 1s.  Let the children use the wdentifi-
cation keys (pp., 63-341) and reforence books to ar-
rive at a more definute name o possible. Occasion-
ally agrecment on even a very general name for a
specimen cannot be reached,  In thiz case leave
the space on the label blank until such time as the
name 13 foundt,

his item s placed here, rather than firet on the
label, m oorder to help focns the ebhildren's main
attention on properties and relationships.,  The
name of the object ashould bhe looked on as naefnl
for qetting wore mforation, but not asz an ¢ nd
in itself,

.

Who foundd £

Fae nare of the clnld who brought the specinon in
St alway s he o optioned, Thoes the entrey might
read, "Polly's anelis, Lir, Tom Broven, ™

Remark:s

This is a catch~all space in which to enter anvything
special about the specimen you wish to call to at-
tention.  Here are some examples:; One lea was

lost from this grasshopper. Is this sihcll an animal

or the remains of an animal? Is this dandelion cne
flower or a group of many individual flovrers”

{HIBITS OF LIVING THINGS

Often an cxhibit is set up in which something s ¢=
pected to happen — a spider is e pected to spin a
web, a moth may emerge from a cocoon, crickots
may mate, a bulb should_sprout, cte. Such an ex-
hibit requires somcone to provide suitable care,
such as food, water, and proper temperature., The
c:hibit also must be cnecked at proper intervzls so
as not to miss the event the class is waitina for.

Avpoint a responsible child to be the exhibit's carc-
tiker,  Show himr how to care for the living thina
and tel] him what to look for and how often he s

to rmake his obscrvations, so that he may alert you

at the propor time,

"y

ey
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MUSEUM EXHIBITS RELATED TO MINNEMAST UNITS

Below are some suggestions for developing muscum
axhibits related to topics in MINNEMAST units.

Unit |: Watching and Wondering .

Things we¢ wonder about.

Things that float; things that sink.

Things collected in the grass, in the wdods, in a
swamp.

Things that change.

Things that live in our school yard.

Finds of soil and rocks in our school area.

Init 2: Curves and Shapes .

Things that have curves on them (leaves, butterfly
wings, some rocks). )

Things with corners or points (rocks,
cones or pinz needles).

Thinqs that arc thick and thinas that are thin (a
branch and a twiqg; two flat rechs).

Things thatl have a rectangular shape.

Thinas that have a triangular shape.

Things that have a circular shape,

Things that are bumpy.

leaves, pine

Unit 3: Doscribing and Classifying

*
Leaves with toothed edges; leaves with smootl

cedaaes.,

Plant parts that are green, brown, red, blue, otce,
Plants that wec cat.

Unit 4: Using Our Senscs .

Things that are green, red, brown, ctc,

Things that rattle when you shake them (lcaves in a
sack, sceds in a pod).

Things that have stripes; things that have sypots,

Things that make sounds when you rub them (sand-

paper) .
Things that smell when you squeeczo or cubs thon 3

(onion, mint leaf, orange pecl), muu
Things that feel rough, siwooth, soft, hard, ctc.
Thinags that have the same shape but different tes-

ture (rock and leaf, furry mitten and knit ratten.)

o}

Units 5 and 12: NMcasuvron.ont
Thinas having about twice the arca of somc rofer-

ence object., -
Things having about twice the voluee of aome ref-

crence ohject,
Pictures of things that wove quickly ana thinas that

move slovely,
Things that are three (or {five, two, ctel) rapor

clips long,
Thin g ordered accoriivnag to Yon ith, area, «te,
Cianc=-orndered soeries of pictires shoviin s stuees o

an ovent (o,a,, seodbinag, laree rlart wigh

bad, flower, fruit),

O
(P

E
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Units 6 and 9: Numecration

Similar things having different numbers of parts
(flowers with different numbers of petals, stems
with different numbers of lecaves;

Different things having five (two, sii, otec.) parts.

Things that are useful for conniing or tallying (peb-
bles, beans, shells).

Different sets of objects with same number property

Upijts 7 and 14: Symmetry

Things that show E_wmoa_ symmetry
siniilar halves,

Things that have a
symmetry,

Things that remain the same when
rotational symmetry.

(a Yeaf with
a pair of clam shells),
repeatoed pattern — translational

they are turned —

Lnit 8 Observing Proportios

Thinas that erzhibit any qgiven proporty

Thinjs that have a hidden propoerty ?:..:
pods).

Fhings with properties
ing thinas),

000}

that will change (ater, Hv-

it 9

S————

See Umit o,

Uinit 1o Describing Locations

Interesting maps
Tiasrinary -oaps

(tovwns, varks
draven to 1

, hAature trails),
rates gtorie s,

peas in pods).

Things that show direction
vanes, compasses).

(signposts, wreather

Units 1l and 13: Addition and Subtraction

Things from which parts can be taken away {(lcaves
from a branch, branches or buds fror a tvnq,
peas from a pod, petals from a flower),

Things with parts that add up to a
crample, two 3-lcaf ~lo ey
flower add up to 1),

gl
- D]

sun. (for

And ot Senoan

irit 12:

Sece Unit 5.

Unit 13: Sce Unit H,

1Init 13

S t—————

Seo Umt 7.

Unit 15: Investigating Systems

Thinas that can be used to connect a bulb ith a
battery so that the bulb lights np.

Things that rollt,

Thinags that a magnet picks ug,

Pruits with secds.,

Seoedys with burrs ;. seoeds that are asrborne

Skl or teeth of different animals

Init To: MNombers and hNeasorinag

Phimas wo use in meas renent {folers, tawe 10e a-
sures, clochs, bLalances).,

O
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Pictures or drawings of different kinds of numerical
notation (Greek, Egyptian, ctc.).

Collections of different kinds of monecy (forecign
coins, barter objects such as shells, wampum).

Different weighing devices.

Objects ordered by weight.

Moist and dried objects showing weight change.

Unit 17: Introducing Multiplication and Division

Natural objects (sceds, shells, leaves) arranged in
all possible arrays for a given nummber,

Unit 18: Scaling and Representation

Birds® nests showina the relation of the size of vach
nest to the size of a particular bird,

Siwilar bones of different animals (wings of Cornigh
hen, chicken and turley).

Unit 19: Comparing Chanues

Pictures of infant and adult stanes of animals.,
Baby picturcs of the children.,

Pictures of eqggs, chicks and adult bicds.,

Staqes in a plant's life cycle,

The same vanoty of sceds planted at intervals.,
Pictures of difforont kinds of tune=ieoping doevices,

Unit 0 Usmeg Larger Nambors

station records (newapaner, cligs record:s) .,
atruents.,

Weaeathor
Weather

Unit 21: Angles and Space

Things that have right angles (lcaves on stoms,
legs on animals). :

Things that have the property of conarucnce (leaves
from the same plant).

solids that have faces in the shapc of
quadrilaterals, ctc.

Ilowers whose petats form polvyaons with a given
number of sides.

. }
Unit 22; Parts and Picces

triaatics,

Sections of fruits.

Cellections of objects (leaves, rociks) divided nto
cquivalent subsets,

Canccelled postage stamps showing equivalent val-
ues (e.a., one 6¢ stamp = two 3¢ stamps).

Init 23: Conditions Affecting )ife

Linds of animals livina in diffoerent ~linates.
Clothina worn in different envireniments.,

Crops qrown m different olimates,

Ways that plants-and animals aot roady tor winter.
naps of bird nigration rontes.,

are stilt under dovelopnient as tha
We are therefore wnable

to rmake spoecific recorinorndations for eshrbit ther on,
Howestor, the third arade teacher shontd hore no dif-
frenlty an dewvising gy propriate thoer on aftor o bt
study of thoase qmiven bove,

Third qgrade was

T n H o0 5 e LT e R

O
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WHEN YOU

TAKE A FIELD TRIP

Fieid trips can ho fun for bLotn the
children and the teacher, Tres 2
Le as sumple and casy as a wwn-Lan-
ate visit to the plavaground
gate a specific guestion, or
be longer anld mahly stroctired., o
cither case thoy arce onteerio]
able, Rcadiny about Hwend chenoss,
looking ar books, filvs and - hooos,
Sl oy obse e e L sy
RGOS, 1 1aary or Dors o Lo T as e
OO TaAdaLt tane the
SOt rtE o thoar at o o -
Yoot g,

Cowlas o -

dharoy engo s nern Y Laneht | et
OO, i IThe oA eaen Y 1000 b il

proerich

ratea, and providod vthat othe 1
s arc adegquetely piaton ., [
cortion contaus man s sutassiugs S
~U:3:\.nOg;_‘\...u”:j..;.m,..,:..i?a,,xof

vooy foe b e wsth o off e,

Weo v gl consince thre o v s of ot
toaps the coiwirs st dare

e
3
4
Q

Ve oy o ina chpbdrer o Meratelb
"

CO T e NS T st dpecaty sy o

Pyoses, i e Tnante e st oaee s fo

tripe Dot eoar o mte ars!

[SEEWE & 20 MR €

<
=
o
L
c*
!

I ochat theyr are wroporls  Sota-
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WATCHING AND WONDERING

This type of loosely structured {ficld trip is espcci-
ally appropriate for kindergarteners. You and .the
children might explore an arca to discover the sur-
prising number of living thinas that can be found al-
most anywhere, O pages ii#i=113 yro pictaog of
specific locations showing some of the things vou
might find, together with numerous examples of the
kinds of questions you iright agk — gquestions that
are spocially designed to arouse curiosity and to
leat o furthor 2aploration.

['HE QUESTION-ORIENTED TRIP

fhis tvpe of trip may Adovelop aut of (uestions that
nrisce spontancously inclass, or it way be planned
in connection with o specifie occasion. [or ewam-
plie, somweon~ migut ask what ants eat, or 3omeon.:
rght wonder hovr het the i;ecd: qots when the

sun shines oo it,  The answers to such gquostions

can e foved o2 Deld wp. M osoreenne rells o
seeineg a robur 9 the way to »chiool, the class naahl
try to fiad out how many other Finds of birds ap be
seen on the schoot blocl.,

»

Specialaccamion ficld trips can be raade on the first
day of spring, after the first =nowfall, on a day
when you notice unusaal cioud formations, ote,

W discuss aquestion-orientod field trips o it payrely
on the following paaes, :

- »

»

HIGHLY STRUCTURED FIELD TRIPS

Somctimes a curriculum calls for a particular lesson
to be taught outdoors. The preparation, procodures
in the field, and classroom follow-up will depend
on the purpose of the lesson. An crample of this
type of field trip can be found in MINNENAST 'nit
1% {lessons on sacd dispersal systors),

A SAMPILE FIELD TRIP

T sohoot yard o5 the castest plare o 50 on o {iotHd
trip. You and the chitdren sl boe 3y rprised at o
e thnpees o will OHee thar have core annoties o

AN
v“.”__ «w. e 0
=i
o cobyrrate the journey o exploratior , stars =th 4
S ube grestion,  For o<ampic, after A rain, ask th
~lags how many thinas thoy can thiak of an thr
2ohoo] vard thatthe rain a2 havo ~haracd an sere
Vi, E:é should thiry gtoot whiat channes th-»
copect, and whore thes coondrd on moss hvcly to N0
o,
Povoar b tE 0 e toee Yt ot s IroDs .
Clar asioas the chyss vrto oooall tear s of alovt Jour.,
Aranco A veaU o s gyt et ety et
cather whon rov Tlov g whiathe,
Vhern oo et ort anto the sevanl «ar ', o5 ot
oovn g foev ot o for Joosan s vy 0 s T
. o
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the places they thought about in the classroom.
They will of course find evidence of change in many
o*her places too. . @

After a whiie, blow your whistle for the class to as-
scemble. Give cach team a chance to tell what they
have found, and then have the teams lead the rest
of the class to see their discoveries. Ask ques-
tions to encourage speculation,

We give here some of the things that might be found,
together with some appropriate questions.

Puddles: Why 1s the puddle located in that particu-
lar spot™ How long will it last” Is it in the sun or
shade?

Downspout and curbys: Look for washed-out areas
surrounded by debris. Where did branchrs, leaves,
sand and gravel come from? Why is the debris in
the particular position that the children sece? 1Is
watcer still ranning out from the spout” Where doces
it cowme from? Where does it 90? Where are the
plants trotn which twigs and leaves were washed”
How far werce the twigs and leaves carried by the
water”

Patterns in sand and aravel- Splash patterns, rivu-
lets, channels, deltas and sand bars fuay be found,
depending op hov hard ot rainoed.

Prant tife: Thyn end] ook clean and treh. Sce if

A et e et

anvone recalbs a dar o oanowhien the plarts looked

.

wilted. Do they look wilted today? Sce i soil has
been washed away to expose plant roots.

Earthworms: .w:mw are often all over the ground zfter
a heavy rain. Where do thev stay on dry days~®
Why did they come out now?

Namaged spider web: Where is the spider? Will it
repair the web?

Weather: What does the sky look like today? What
did it look like yesterdav? 1Is it warmer or cooler
today than yesterday”?

Do not feel that you have to answvor all the chil-
dren's questions or that they have to answer all of
yours. Encourage them to come back to the same
spot anotha time to verify a hypothesis; show them
how to look up answers to <ome questions,

You can kzep this sort of ficld trip oper-ended. The
whole class or individual children may l1'ie to return
to the same area another time to check on particular
questions that interest thern,.

Sustaimned anterest should be encouvraged whenever
possible, Secveral teips for one specific outdoor 13-
vestiqation js a better mvestr.ont of tir ¢ and onerar
than scoveral superficial amvestiaations of an assort-
went of disconnected questions. A continuing in-
vestiiation helps the ehulqren Jearr how 1o foriovr
through, evaluate thoir o porpeccos, ard vopro e
thow = othods or the ne <t trip,

~
Aruitoxt provided by Eic:
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SOME OTHER FIELD TRIP IDEAS

There arc almost unlimited opportunities to observe
living things in their natural c¢nvironment, thinags
as simple as a dandelion growing out of the crum-
bling crack in a sidewalk, or a flock of English
sparrows or starlings in the school yard. The {ol-
lowing few suggestions may help you to devclop
field trip ideas of your own.

Adopt a trece, Have the class visit it periodically
and record obscrvations. Observe its growth., iiste
scasona! changes. Draw the animals that live in
the tree. Make ieaf rubbings. Are the leaves the
same as those on the tree next to it? How many dif-
ferent kinds of trees can you find in the arca”

Visit a dcesert (@ hot, dry area such as the play-

ground) What lives in your desert” (Woeeds, ants,
spiders.) How hot is the ground surface in the sun”
In the shade?

Exanane gravel, How many kinds of stone are there?
Observe their colors and other properties. Order the

pieces by roughness, by size, by size of crystal.

Observe plant growth. Take a winter walk to sece if
anything is growing yet. Bring a branch in after the
Januarv cold has broken its dormancy. Put it in wa-
tor and watch it. The buds may open. (What is in-
side a bad”) Aphids may appear. (Where did they
come from™ When do plants start ta arow outdoors”

Y

Go out again on the first spring day to sce whether
any plants have started to grow yet. If not, ct~ck
again a week later. Do all plants start at the same
time? Keep a chart showina the sizes of different
plants each week.

Visit an ant hll. How high is it How fast do the
ants move? Do they move faster when. thore are
many pcople around? What do ants cat? (Leave
samples of diifcrent foods and see which they carry
away.) How many ants go into the hol: in a minute”
How many come out?

PLANNING ANY TYPE OF TRIP

Some trips are more complex than others, but all re-
quire some degree of planning. Adapt what you necd
from this general outline..

Where to go: Of course, the first prerequisite for a
site is that it provide what you want the children to
sce or do. The closer it is and the easier it is
to geot to, the better. 1Is there room for your thirty
active children” Are there problems of access”
Will the children be able .o see”  You should obtain
permission in advance if you plan to brina vour
class into a private area.

What to lnok for: You should knovw what you want
the children to look for befere you start out, cven

if it is stated in only the most general terms  See
the s vrosted fiekd trip wicas above, ard atua

IC
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" deciding on a set of rules.

the pictures of living things in various locations
(pp. 100-113).

Motivation: Discuss the purpose of the trip with the
class beforehand. If the children don't know what
to look for they will become bored and restless
quickly. If they are absorbed in a problem they may
maintain interest for a long time.

Pre-trip: Visit the site yourself first in order to
have the best control of the situation and anticipate
some of the difficulties or questions that could

arisc. Examine the arca carefplly. This one step

can make the difference Uoﬁémo: a suceessful and
a chaotic trip.

4

Materials: Take as little as possible along with you,

What you-decide to take depends on the purpose of
the trip. You may want the children to have pencils
and notepads. Pieces of yarn can serve as markers
for intcresting discoveries. Magnifiers might be
very uscful, but you risk loss. .If you want to have
them along, take as few as you can and put cach one
in .he specific care of a responsible child. If you
intend to collect specimens (sece below), you will
need appropriate equipment such as plastic baqas,
otec. You may also want to carry a camera. '
Rules: Before n:o trip, have the children join you in
Try to keep the rules
They should include

"llo" rather than
most of the

"do not."
followinn:

I. Always keep the teacher in sight,

2. Try to leave the place as you find it.
anything you move.
ever possible.

Replace
Avoid stepping on plants when-

3. Be quiet and move slowly so that you do not dis-
turb the creatures that live there.

4. When you find something interesting, tie a piece
of yarn near it to help you find it again when you
want to snow it to the rest of the class.

5. When you hear the whistle, gather around the
teacher.

Precautions: If you teach in an area where there
are poisonous snakes or insects, be sure that the
children know how to recognize the poisonous spe-
cics. They should also be warned that they are to
avoid picking up any animal about which they are
in doubt,

Collecting specimens: The ficld trip may lay the
groundwork for activities you will want to do in the
classroom. Collect only such things as are abso-
lutely necessary for such follow-up, because it is
important that the children learn good conservation
habits. The basic rule is to lecave a natural habitat
urdisturbed. If an animal is caught and observed,
it should then be put back where it was found — al-
lowed to "go home." The field trip should be distin-
guished from a collecting expedition, which would
be better carried out by you alone or with a fow so-
locted ehyldren, Plant collection s on
. 27 and aninndl collection ’

discusscod
on p. 9.

10,
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mZOOCzVQHZQ WCWHOWHH< AND INVESTIGATION

So many things that can initiate learning out-of-
" doors are sometimes overlooked — buds on twigs, a

bird with something in its beak, an ant dragging a -

caterpillar along the ground, 'the direction in which
dandelion fluff is blowing, the position and phase of
the davytime moon.

Any- singlc observation can be the beginning of
¢xciting exploration and lead to the joy of further
discovery. If you become the eyes and ears of
your inexperienced charges, you will soon find
that your sensitized students will serve as addi~
tional eyes and ears for you. They will call to
yvour attention things that E\Eocﬁ ordinarily

overloolk,
[l L

m<m1\ observation lecads to'a question: What is in-
side buds? Why doesn't the bird swallow the worm
it is ‘carrying in its beak? Where is taec ant drag-
ging the caterpillar” What happens to the canae-
lion sceds after they blow away”

The most intercsting questions often do not have
neat, precise answers, but this should not .pre-
vent your investigating them anyway. The out-of-
doors is so full of intecracting things, that an-
swers are alwavs ney and interesting and Jdif-

ferent, depending on when, where and what you
are observing.

HOW TO USE THE PICTURES AND QUESTIONS

The drawings on pages 100-113 show typical places
where living things can be found: (a) on and
around a tree, (b) on a city street, (¢c) in a va-
cant lot or abandoned lawn or field, (d) on and
under a log, stone or board that has been lying on
the ground for a Jong time, (e) in and around a
barn, (f) in and around a pond, and (g) in the school
vard.

On the picture pages arc suggestions for the type of
guestions you might ask about a plant or animal —
gquestions that arouse and sustain curiosity and lead
to further exploration. ’
Obviously, you will net find in one place all the
living fhings shown in any one of the pictures, nor
if you did, would vou want to follow up on all of
them. The chances are, though, that you will find
some of them that will suit your purposec.

If vou study the pictures beforchand, you can fa-
miliarize yourself vwith the kind of living things you
might find 1n a prospective location, consider the
type of questions that youn might ask, and anticipate
activities such questions riaht engender,
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Why must this squirrel b cc_o.,,wo walk or run up
) and down the trec? See what 1t does when 1t

ON AND AROUND A I'RLE .

aSim i this a good place for a nest? (Sce what -
keeps the nest in o/»mom.,. S32 how the nest is hid-

(2™

den from enemics.)

t

-

L

-

.
-

m/ -

Where is this bird flying to? A.m,o:v_..., 1t wxth your

v .

K

conmes down to the grounda,

-~ - -

-~ ‘

What lives an this hole? - (Watch ang »oc what

. goes in or comes out. If possible, look insiac,)
A

*

How does this spotted heetle cot”  (Look at its
mouth parts.) Can it fly? (Hold it in the air on a

siick and blow on it.)

\Why don't these mushrooms grow just anywhere®
- (Dig one up with the soil. Compare the soil with
soil where mushrooms do nct grow.)

-

Where does z,dm:u:.ﬁ live? -How does 1t find its
way” (Faollow it'with your eyes. Secc anythina on
its head that mdwes as the ant walks along.)

N

F.m.ka|

How .deep is_this ant's nest? (Poke thin stick in it and sce.)

&

-

>

.




2
.

T by tfens.) What istinside ‘cach? ...A.M‘CM thoyroren .
i and look for young plants.) ) ; O
- x . . - P -
| R , i . )
. . * + 5, 3 - . -

What ore thesce bud scales protecting?  (Deaveloosing

*

leaves or acteloving flowers. * Place cut

vater.)

-

g In

’ ]
-
B

What vas cating thesc oark leaves? (Look for?
fceding msects on other leaves.) 3

s

Why is this caterpillac called an nch-or o
measuning worin?  (Seoe how 't "watbis. ™) i
¢ N . o,

L3
Wherce are these ants yoma und where are they
coming from”” (Foilow &eir with your-oves.) ..

.
-

Why is the bark probably o safe place for this
1moth”  (Sec how the color of the Ynoth Coupares .

with the color of the bark.) - - A

@ -% '

, a.
: oy )

What 13 1nside this oahaall ? (Cut 1t onen to fina

~otiethrng an gt thot Jooks ke o worn.) ‘

-

What 18 unusual about this bo:x elder legpf™ o
(Compare it with a healthv, uninfected lea#,)

“Why 15 Lhis a good vlace for,o v b~ (Look for tly-
ing inseocts.) Where 13 the sulacr that sado )
.AO;.H.M.” an ansoect and thre- 2t into the «© QGL\

S . o . ..v

~

Where did these seeds comn froim?  (Look 3t noar-

108
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ON A CITY STRELT

‘What is the advantage of a nest so high? (Observe the cat.) .

How do you know there are probably voung biids in this
nest?  (See what mother — or father — bird 13 corrving,) )

How do these two spider webs compare?  (Observe struc-
tures.) Where are the spiders that built them 2 (Scorch.)

-

(s it true that a cat has ideal paws fo hunting ?
(D::amine cat's paw to see soft cushions for si-
lent tread and sharp claws mo_. holding prey.)

Where does this centipede live? (Sce vhers> it goes.)

Why does thie sparrow spend so much time on the
ground? (Observe what it does when on the ground.)

What is this fly doing? (Obsecrve closely and sece.)

Do these sow bugs prefer to be out in the opoen or
undor .mo:ﬂo;_:c.. (Place them near a log or stone
on the ground and sce what they do.)

Where did the ants get the sand to buld &:.m hill?
(Observe ants building hill,)

102




What arc these birds donnyg @ heic atting on the
- vire?, (Observe closcly.)

Is the side of the bullaing arer o e, . winby
" side than on the shaded cdac? (Fozd ot your o )
on which side of the builaing voula pluant. n
best? (Look to sac what conaitlone dnpihl Loy .
plants.) ;
Which of its senses doos the oy oo o o e
along” (Obszeorve moveincnit s of cyor, o, ez, t2>

is thig troe ;r d or st alrve (Vo chiel It
closely Lo find out, )

- A wwy o Where did m:c s011 1 this prcidle come fron

: (Trace alona the crack an the wall)

What vl this bird do to the wor, . =~ gdi L~
canyv it av.ay ¢ (Watcn and sees)

What charges vall take place o thite oo b, )
(£ winine wany othor danda)ions.)

How ao plants cwie b grow 1 Cracs e 1y Qo=
ners . (Sco e Nt there 1o erachs ane Corners,)

R N
- .

“Are thesooants fightind tor the con o ore thoey
working together™  (Watch and -sce.) A

IC
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IV A CACANT LOT )

How many ditferent kinas of o thing., ¢an we find on
this tree™ (Jook in branches for buids and neets, Puonine
trunk, including cracks and hol:s, ewamne region near the
roots,)

Why must this bindweed wrap itself around the stem of the F
grass™ (Unwind the plant and sce whelher it can stand up,) —— —— .,

'

s

:

I
How does this butterflyreach down into the flower to suck \\w\
nectar” (Catch the butterfly and use a pin to uncoil its ©,
mouthtube, ) -

\

What are these little things growing on this common plan-
tain™ (Scrape them off and examine then with a magnifying <\¥\1
glass.) ’
How do the little "parachutes" spread dandelion seeds \ \\l
(Look at one parachute with a sced attached to it. Then . )\ L

blow on the ripe dandelion heads.)

How do these leaves keep other plants from growing too
near this comron plantain? (See how leaves block the light.) -

Where does this ground beetle live” (See where it goes.)

Q

RICN

Full Tt Provided by ERIC.
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ON OR UNDER A 1.OG

liow does this swallow manage to change itg direction so often as
it fliea? (Obscrve the motion of the wings and tail.) Why docs
it have to fly that way? (Guess.,)

Wiy is this a good place for a spider web?  {(Look for flying
insects — or for insccts caught in the web))  Where is the
spider that made it?  (Look for it.)

What i3 a snail doina in a place like this? (Observe it.)

Are these mites insects?  (To [ind out, catch one and
count the legs.,)
Is this daddy longlegs an insect?  (Cateh it and count

zﬁ.\;o;m.\._ﬁ.,“o.mooa,..:m»r.uﬁv.u:“.E:o:,\o::oZ:v,\
one lea,) :

tfow far can this cricket junip?

Jlow can you account for the poculiar way this salaman-
der walks” (Observe the position of the leas and the
movements of the tail,)

ffow did these baby beetles (larvae) qget hoere?

What is this snake doing under the log”

What does this carthworm do when placed over soft
moist soil? (Try it and see.)

A
~

-

What does this centipede do whon placed near a loy?
(Try it and sce.)

o

ERICH

PAruntext provided by enic
L]
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To a tiny animal this is a fores . low did ttus
"forest" of moss come to grovw here? (Find the
spore cases and squecze out the spores.)

.

What 1s this chipmunk looking for? Where doces
he live? (Try to find out by obsecrvina hin.)

Is this a froq or a toad? (Sce vrhether he
has warts on his shkin.)

A
Most plants grow out of soil, What do n
these mushrooms grow out of” Hew do they
get "planted”?  (I'ind holes or cracks frouw.
which spores rmerae.) g
I'erns like this never produce scceds.  How then
do they begin to grow? {[ooh at sgudersiacs of
leaves or Jook at special stems to find sporc Gum@m.v
-
— Why is this called a *fiddlchcad™?  (Think of one
part of a fiddle.) What o they bhecor o (Unroli
one and aevamine it closely.,
What 13 this nsect doing to the plant? {Onsoerve
it for a while and see.) e
v
_ lur




’

IN AND AROUND A BARN

What bird built this nest® (Wait and see which
kind of bird comes to it.) 5 >

Why is this sparrow sitting near the barn? (Wait
and see whether it goes into the barn and then
see what it does,)

Where is this hawk flying to” (Follow it with
your eyes for a while,)

What will this cow do after she has eaten a lot
of grass? (Look for other cows that have al-

ready eaten and are lying down. See what they
are doing.) . ] -

LR

Why is it careless to leave corn about in a - e - - -
barn” (Examinec the «corn for insects and for
evidence of the presence of rats and mice.)

|

Wnat is this fly doing in the barn > (Watch it '
and see.) |
i
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THE EDGE OF A POND

Why is this insect called a back swimmer? (Observe
it swim.) - .
How does this wiggler (baby mosquito) get air to
breathe? (Observe what he does.) .

How can we see these little animals better? (Take
them out with a medicine dropper, and observe them
with a magnifying glass.)

Why does this back swimmer dive down into the deeper Em...\
ter? (Sce what is down there that he can catch and eat.)

tHow does this baby dragonfly (larva) catch its prey?
(Use a pin to pry loose and extend its long "tongue.")

What does this snail do when he is attacked? (Poke
him with a tiny stick and see what he does.)

Why is this dragonfly flying over the pond? (QObscrve
and see what it does.)

How do ducks look different from most other birds when
You see them in flight? (Observe their outline and how
they fly.)

How can you tell this is not a dragonfly but a mayfly~
G.mm how its wings are folded above its back, and look
at the tail end of the body.)

How do other animals make use of th:s water lily” (Cx~
amine top and bottom surfaces of its decaying leaves to
find its seeds, which ducks eat. )

Hca can you tell that this bullhead lives at the bottom
of the pond? (Observe the shape of its body.)

110
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Why is this plant called a cattail plant® (Ob-
serve and feel the swelling near the top of its
stem.)

Why does this red-winged blackbird keep going
down among the reeds and up again? (Think of
what there may be among the reeds that attracts
the bird.)

What is inside this cattail” (Collect two. Cut
one up to look inside. Take the other to class,
keep it for several months and see what :mvvmqm.v

-

Why is this a good place for the red-winged black- =i
bird to have built its nest® (See how the eggs and
young b rds are protected against enemies that

would eat them.)

‘What 1s unusual about the flowers of this pick-
ercl weed?. (Observe color, shape, etc.) What
does this leaf shape remind yvou of”

4

How is being on the top of the rock different for
this turtle than his being in the water > (Think
of differences in conditions — temperature, mois-
tuce, exposure.)

Who put white paint on this rock’® {ObLserve the
rock closely to see that the white is not paint.)
Where QQOm this frog go when he iz frightened or
chased? (Chase him and see where he.goes.)

Xy
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IN A SCHOGL YARD

Why do the plants lean away from the building?
(Where does the light come from?)

Does the fence give this plant an advantage
over others of the same kind?

Why are fences put up?

How does a fence change conditions for
plants and animals?

How many kinds of animals can you find in your
school yard?

How many ways can rocks, and soil be moved?
(By animals, water, plants, frost, weathering, ctc.)
)

LY

Where is the water moving fastest? Where is
the water moving slowly?

Why does the grass grow thickly here?
Why doesn't it grow below the spout?

Why were big rocks put here? AZOno.irmn water
run-off has done at the foot of the lamppost.)

Why are gravel and small rocks found further
from the spout? 4

112 )
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Which side of the mewd: puse i3 war.uese?
Feel the prick building. Why is the shaded

metal warmer than the shaded brick?

-

How does this tree get enough water to grow?
Where are its roots: -

Where did the seed that started this tree
S8 : *come from? (Compare its leaf with the
¢ .Im..r G leof from the larger tree nearby.)

\\\\\\\ M:..ﬂm /—A’//.. i

N

»£- Note the overhang caused by a hard laver
overlying a soft layer. Thc erosion demon-

. strate$ the formation of a river valley, o
A . , 2
. v

?
.* Where does most of the rainwater that
falls in this*necighborhood go? )

Can you trace the paths of the water that
runs down the scwer? (Look for arcas

__ 5 where soil has been washed awavy.)

How did this sand get hore? . (Where might
some washed-away soil be dropped?)

Why 1s there a different plant growth under
the fence? (Doces the area get walked on?)

How many kinds of plants can you {find in -
your school yard? WMark off a square, 3 feces
by 3 feet. Count the kinds of plants and
how manv of cach in the arca. Do this in
several places, Do you find that different
conditions of light, moisture and tempera-
ture retate to different plant growth?

S
ERIC

E




Hid

-

CALENDAR OF ACTIVITIES THROUGH THE YEAR

SEPTEMBER  FEBRUARY .
Adopt a tree. Observe it v,mﬁo%ow:,\ throughout the Examine lcafless ns;@mx.owmo?m different kinds of /
vear (p. 97). buds (p. 79).
.Qo:oon seeds. Examine them (pp. 18, 78); plant Force the opening of buds indoors (pp. 23, 79, 97). .
them (pp. 18, 21); use them in a museum exhibit
(pp. 91-3). MARCH
S i f i . . s
OCTOBER m Look for signs of spring (p. 97) P

i H M v i ! .> - i -
Look for seasonal changes (pp. 95, 97). wbso.m spadefui of woodland soil to put in a ter
; rarium (p. 13).
Make a natural pond aquarium (p. 29).

APRIL

Examine the structure of a Halloween pumpkin (pp.
75, 80). Plant the seeds (pp. 18, 22). Take field trip in the school yard after a rain (p. 95). .

"Watch for emerging plants. Chart ecmergence and

NOVEMBER . growch (p. 97).

Collect bones of different kinds of poultry. Compare

: Put newly emerged plants in terrarivm and observe
them; make muscum exhibit (pp. 62, &7). Y Jee p

rapid growth indoors (p. 13).
Examine fruits and vegetables associated with

Watch for c¢merqging insects and note what kinds
Thanksgiving (pp. 75, 80). Jing

appear as spring progresses (pp. 40, 64-68).
DECEMBER

MAY
Visit a pond (pp. 29, 77, 110}.

Prepare muscum exhibit of the different varieties of
cvergreens used for seasonal decorations (p. #5);

compare leaf structures (p. 76). Make a school yard ficld trip to observe plants and
_ ) insccts (see April).
JAN UARY ] ' ’
JUNE

Take a field trip after a snowfall. lLook for ammal

tracks; observe patterns made by wind. Dismantle classroom garden and zoo {p. 24). Send
specimens home with childrer, together with sug-
. gested adtivities over the summer. Sce plant”
Observe difforences among tree oilhovettos, propagation (p. 19).

L

L.ook for bvmsaosom birds' nests.
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BIBLIOGRAPHY - " | |

It is impossible to include in a rmﬂ of this .size all
the wvaluable references ﬁ«m” are m<mtm_9m We.~
offer here some criteria as a ouide for, mmwoofo:.
You viz of course be judging each Uoor with the

neéds of your own owmmA or even of a particular i
. .OEEJ: mind. s R

R R ’
- .

~ ¢D

= * Books fill Jnany weeds. Some should supply informa-"

L tion, o”:ow.m m:QcE -stimulate imaginatibn and curio=-
sity. Fantasy should be clearly recognizable as fan-
tasy, so as to avoid confusing shie children. Facts ™

* should be well organized and stated in simple lan-
guage,. - .

ﬁwﬁ" -

<

P D
e m.
e 3 Y it

. L:.,“{.:%

G
.
» ” {

IMustrations should be cFear, attractive and accurate.
.- A great deal of bjological’ MSmop,Bmﬂo,:,oms be con-
veyed through pictures, so do not select books with
inappropriaté or misleading illustrations. Robins
shouid look likevrobins, real frogs should sit in an

appropriate spot, dandelions v:ocE be recognizable
as such. -

¢ N “

Try to.use- ‘books about familiar plants and animals

in order that children micht make the oo::mo?o:
between their own world and the world of books.

" You will find that many of the children's bools are
ﬁ al'so good sources for you. For specific information,

| you can always check vour encyclopedia as well as %
. mbmoJo/p oa nmmo?:oo works listed v.(_of

»
—
A ruText provided by Eric
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SO HERS

RETERENCES '

HOW THE BIPLIOGRAPHY IS ORGANIZLD

Our lirst aroup of books is composed of sourres for

the teacher. These basic references should prove

very valuable for plant, animal and acological infor-
mation. '

The secoad aroup of refererces is gardening maqga-
zincs and catalogues. These are usually beauti-
fully illustrated, and are very useful for identifying
plants, as well as’for their intended purposes of
providing gardenina information and telling vou
where vou can obtain materials.
»

The third agroup of books, which compriscs m:o 7::,
of our Bibliography, :ncludes references for ..:o:,
taacher and child. Appro.:imate grade level for cach
w.o%o?,:qa 1s included. The major = subdivis pozv are-
[nrther divided by type (birds, reptiles, ctc.) :vnc;
in alphabetical order, Lach of these includes ca-
tries for identification, activities and information.

/ . . o

FOR THE TEACHELR ’
“Audubon Nature Bulletins. These are well 1Hyg-
trated and tull of practical nforiaation about

The set of 65 bulleting i3
subdjviaced into Teaching Awds, Ammals an-d low
Thev tave, Insects and Spiders, Plant Identifica-
tion, aad Congervation of Our Natura! Resources.
Por a list, rrite to _.,:: Nationak Andnbon Socicty

plants ‘and ammals..

L1330 ittt Avenue, Now ,mo,.: Mowv York _::\;.

Thiz organication als publishes  he Curionss

Naturabint, a leaflet for gehool cobrldee v, The
L4

- ‘

» .

=publishor's adurcss s lLincoln, Lassac, 3t

01773, P

Comstock, A. B. Handbook of Naturc Study., 1363,
Cornell University Prrss, Tthaca, Noew Yors. An
cxcellent all~around source of information on the
lifc histories of plants and aniriats. 1t contains
simiple facts children like to knovy, M: illus~
trated, and wrovides questions andefaaestions
about thinas to lool: for.

.
¥

Cornell Scicence Leaflets are a supcrh source of -
formaticn <

:hout many science activitics. Larly
leaflets are as :m_:m“.xv as the :_ogmci.: onca.

Write to Building 7, Corncll Unjversits, Rescaro~n
Parl, Tthaca, MNew 401 14350,

Golden Nature Guides, Therc are any of these i

a uscful paperbach sarics., a;:: arce well Vo=
trated, m:o..._uo:m?o and cagy to use, Hf Gnes
on trees, wild flowers, 1n:eoc v,;

phibians, and u.:m:,.:i_m arce Cceap Qgt A :tﬁ;

for primary grades.

Palmmer, E, L. Ticldbook »f Natural Il
MeGraw Hill.  66:1 pp, of drawings aiid
information about rocks, stars, plants and ani-
mals.  Very useful ds a quich roierence for
nssential facts, .

stor. 1949,
ONMCisC

GARDEXIN G NMAGAZITIES AND CATATOGITS

sl ,Q.Qo:
:~___.

Nid=-Amgorica _4
Kansas 7, Mo,

Mower and Carden.
1251 Pennsylvania,

O

Aruitoxt provided by Eic:
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Home and Garden, TI'lower Grower Publishing, Inc.,
One Park: Avenue, New York, New York 10016,

Horticulture. Massachusoetts Horticultural Socicty

300 Massachusetts Avenuce, Boston, Mass. 02115,

George W, Park Sced Co., Inc., Greenwood, South
Carolina 29646, Good source for plants, sceds,
and equipment such as pots, trays and soil.

Wayside Cardens, Mentor, Ohio 44060, Cataloguc
with beautiful illustrations and information about
growing plantsz, §1.00,

Garden and nature columns in local newspapers are
often good sources for e:cellent photographs and
information of .%305— Eﬁo«om_x in your own region.

ANIMALS

. FODENTIFICATION

AMTIIBIANS °

-

Zrn, Herbert 3., and’ Hobart M 3mnth, Reptiles

, and Amphibians. Golden Press, 1936r (3¢,
Teacher.)

BIRDS

Faecran, John, An Introduction to Pards, Doubleday
and Co,, 19¢5. 3+, T'ecacher.,) A ruide to
comimon »indg.,

Wetnare, Ale<ander, Song-rand Garden ::.;.w of
North America.  National Geogqraphie Society,

1904, (T'cacher,) Includes records of bird sorais.

. .
ALINALS

Né: Herbert 8, , and 1. N, Gabnielson, Birds, Golii-

3

Dlress, taod, (s, Teacaur.) Valuanle Bardi oo,

risu .

Zun, Herbert 8., and Hurst H, Shocmalier, Tishoes.
Goldoen Press, 1957, (3+, Teacher,) Well illus-
trated,

INSECTS

Baranowski, Richard ivl., Insects. Golden Press,
1964, (Teacher.) Well illustrated, much infor-
mation.

PDeiserce and Kaufianl, Drosophlla Guide. Curncglc
Institution, 1vyo7. (Teacher.) Guilde to work with

:,:_ﬁm:cu. 4
Lutz, Frank I, Ticld Pooh of Insccts. Putnam, o
1943, Incluacs a list of nlant=1nsoct associates.

Parker, Beortha MNMomis, wwwm.vrn.dac@ (Zl.arwo«m. Row ,
Peterson and Co., 196l, (K, 1.} Niccly iDus
trated snall book.  The cohildren could usce jt

for tientification,

Zam, Hlerbert S, , and Clarcence Cattar , Inserts,
Golden Presa, 1956, 3+, Teacher,) A m,_.b:

hand baosr.,

o, Herbevt S, , and R, Nitchel!l, Puttorfhics and
3

oldo g Preas, Ax\r\ Teacher.) "ancioo le

H

div., ilerbert 8., and bonald T', Voff. eister,
Matr als = A Cinde to Parahar Arerican r; w

n..

(&
)

Golden Press, 1 :,_. (3+, reacher.) S,

X
o
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ANINALS .

N LTS0S : . and life cycles of various hinds of froas ard

. . toads are discussced,
Soc Shells, oy b,

%

MceClung, Robert M., Bufo. Wm, Morrow and Co.,

REPTHIEFS ) . 1954, (K, 1, 2, 3.) Iife story of a toad.

i, Hlortert 3., aned Hobart AL Snath, rReptiles Aliller, Patricia K., and Iran L. Schaman, Bia
aud_Anphibians.  colden Press, 1956, (3+, Froqs, Little Troas. Holt, Rinchart and Winston,
cacher.) Uaeful Baiadloo’, v63, (K, I, 2, 3.) Simple story of a froa's hife

Instory., Charming 1llustrations.

SPIDERS }

BIRDS

Geortseh, Wilhs 1., smders and Silh.  Audebon
Nature Bulletm VMo, 3, 1906, (Toachor,) b trome- Goldin, Auqusta, Ducks Don't Get Wet, Thomas
ooanforative, - , Crowell, 1965, (I, 2.) TClementary inforn.ation

about ducks' feathers, the food they cat, how
they migrate,

INTORMATION ABOU T ANTMALS

Webb, Addison, Birds in their Homes., Doubleday
and Co., 1947, (2, 3.) Good illustratiors. Dis-
. ~cusses how birds make nests, ote.

sl e 8 drvrees ; RN - - . . -
vy, clenn OL, 0 Who Live: an thi Houss Zua, Herbert 3., Owls. Wm. hlorrow and Co., 1950,

v ‘y ) HIEY I ‘ gl QO3 .
e oy fous e, 9570 (2, 30) Animale' house: (2, 3.) Full of information. Intcresting illustra-
rucindimg neo o, ,:..T . honevcombe, ote,

WIENERM INTORNATION

tions.

L RLANI, :.:,..;:..\ I, Tishor, and flerbert S,
v, Zoology, Galden Press, 1958, (34, Teacher,) FISH

—— e

covsd poneral reference in handy bo ket bool:,
]

Burqer, Carl, All About Pish., Random tousc, 1960,
Wl vihastratoed,

(3+.) Assorted information alout fish including

fronturrton, tharrist B, Lot's Go Oatdoors,  Donbiet .;.6:595 saltwater and freshwater fish, feedina
Bae, 19300 G, 1) Racellet phots raphs ang halsts and fishing, .
Pty aeooomt coraeoon gandten g ale, . w
»/.Um.ﬁ Hm . /
WA HRAN S . . ~—i ot
VTR . , Farte, Ohwe L., Crickets. Wm. Morrow and Co. ,
dovnor,  oowothy Clnlds, frocs and Pollivogs 1956, (2, 3+.) How crickets live, wake their
Phor s Y, Crowel, 1una, (38, Dese w.:,:c: Hona, reproduce, wou:n:.::,\ tHustrated,
e Of
il ! o=
(A i
A ant
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Farb, Peter, The Story of Butterflies and Other In-
sects., Harvey House, 1959, (3+,) Much infor-
mation about behavior. Includes suggestions for
collecting and hkeeping insects.

Hawes, Judy, Bees and Beclines. Thomas Y.
Crowell, 1964, (1, 2, 3,) How bees communi-
cate with cach other,

Hogner, Dorothy Childs, Grasshoppers and Crickets.
Thomas Y. Crowell, 1960. (2, 3.) Beautifully
illustrated, lots of information. Includes how to
collect and keep crickets.

Hoaner, Dorothy O::mm: Moths. Thomas Y. Crowell,
1964, (3+.) Well illustrated and interesting.

1966,

Kohn, Bernice, Tireflies. Prentice-iiall, (3+.,)

Advanced text but interesting lore,

Lane, Ferdinand C., All About the Insect World,
Random House, 1954, (3+.) Much information but
poor illustrations. '

McClung, Rohert M.} Green Darner. Wm. Morrow
and Co., 1956, (K, |.) About a dragonfly.

McCluna, Robert M., Luna. Wi, Morrovw and Co.,
1957, (i, 1.} About the luna moth.

McCluna, Robert M., Sphin=. Wm. Morrow and Co.,
1949, (K, 1.) All about the common sphiny moth,

LeCGlung, Robert M., Tigqer. Wm, Morrow and Co.,
1953, (1, 1.) About a swallowtail butterfly.

Parker, Bertha Morris, Insects and Their Wavs. Row,
Peterson and CGo., 1961, {23 .) Tife hictorices of
common mnsocts, : ,

ANIMALS

Podendorf, Illa, The True Book of Insccts. Chil- .
dren's Press, 1963, (K, 1.) Inform:.ion about
common msects and interesting illustrations.

Shuttlesworth, Dorothy L., The Story of Ants.
Doubleday and Co., 1954, (3+.) Advanccd, but
has many good pictures and ruch information.

Svsain, Su Zan Noguchi, Insects in Their World.
Garden City, 1955, (Teacher.) Beautifully illus-
trated. Includes information about collecting an+

keeping insects,
Wheat, G. Collins, The World of Ants. Golden
Press, 1961, (3+.) Advanced, but has many aood

color photographs and uch infornation,
MAMDMALS <o

Larle, Olive 1.,, Squirrels i the Gardern,
Morrow and Co., 1963, (2, 3.) The hfc
squirre] family, Very nice drawinas,

)qﬁﬂ.:o
of a

Eberle, Jrimenagarde, Tawn in the Woods, Thomwas v,
Crowell, 1462, (2, 3.} VYery good photoaraphs of

life evele of a fawn,

Nreo

Pox, Charles I'ilhip, Alr, mwbkmwmr the GCopher, Ri-
|17

ley and Toe o, 1962, (K, 1) hotoranhs,

Fohn, Bernice, Aarvclong Mar mals: \onotrermes
and Marsapaads . Prentice=1all, 190i, (3+.) Weil
iHustrated, Dogerrboed aruzval ooane als,

.WNJ"m Lﬂmrv-.... By q~ \ .

NeChana, Robert N,
Randomn Hoase, [ua?

Titer oty Poto,
.-/T;,«..,L. { Votlott oo 1y Jay
a5,

sty
th, 2

RO T

i "L‘ l ‘
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ANIMALS

x..::..:_. Anthony, [lephan

ts, the Last of the Land

P'arents' Nagae
with the

aantys,
Diends

Williamson, Maragaret, The

ine Press, 1965, (3+.)

olephant in history.

I'irst Booli of Mammals

PFrankhio Watts, Inc,, 19

varjous activitjes such g

1, Herbert 5., Tlephants

57. (3+,) Contains
iterestneg dravinags of feot,

many
teeth, vounag, and
< beavers building dams.,

. Wi, Morrow and Son,

9da, (1, 1, 7)) Discusses clephants' relations
Lo AN,

MO T30S

Houner, Dorothy Child Snals,.  thomms Y.

Crowell,

favoers molinses
dotai!,
REPTILES

Bronsoa, Wilfnd 5,

Turtles,

1955, (2, 3.) Beautital pencil deavrings.
in general,

bLut hot an too mieh

Hoarconrt Face gl

World, 1115, (7, _.v )
VThistrations

nusital book with ammsing

el considerablo anfornaation,

Bossio ML, Al Abont Snakes, Random Houge

:A.]_r...
Ta56, A.,‘~ ‘w.v

i o e strations

Frogner, Dorothy Ginldds, A

Nuch inforriation ot unatirac

oo, of Suakes,  [honas

A\
V. i3

1
voell, 196y, (2
inds of nnal.oes,

1

ol e, Joim,

.00 Do

he Triest Look of Soabos,

hiferent

SO0

Prani hin

¥ . ISR}
Watts, (ne,,

wivieh anehude,

s,
chaplor:s

st

(ie))

fntoresting snaterial
on cades and hastor?&al

Parker, Bertha MNorris, Reptiles.  larper ard
1962, (3+,) Contamns much mfort ation awont rep-
tiles and their relations.,

SPIDLRS

Dand, Lugene, Spiders and low Thaeyl1ve, Prentice-
Hall, 1961, (3+,) Interesting, qood drawinas.
Includes some suggestions for HOORING 8Yaders,

Goldin, Auqusta, Spder Silk) Thomwas V. orowell,

1961, {1, 1.) Tacts about com: on swui - ors.,
Interesting (Hustrations
Heaner, Dorothy Childs, Sviders. » Thowas V.

Crowelt, 1355, (1, 20
smders,  Suigaostions
e Jipedeodd

Nostly aloct U q:\t of
for =ollectiyr s ap -

, Simders, Row, Poteroor aro
Much anforiation.  Adwraaccd,

Parl.ey, Bertha 7 Hc::
ﬂu:.. _.:._. v

shattlesworth, Dorothy B., The Story of Soders,
Ciarden Chity Poolis, 1954, (3+,) Ihisc
babuts ot nany aifferent Lands of spiders.,

WORNIS )
Hogner, Dorothy Chalds, Larthworsis. Mo as o,
Crowell, 1953, (1, 2, 3.1 Good drawiis,

nich generalized :&,9 nationn,

ACTIVIFIES WITTH!

ANIPHIBIAYS

Sebsar, Lhilbeont £, Cot's cet Tavtle o, boarar

- 12




and Row, 1956, (K, 1.) The story ot a ~hild who
buvs and keeps a turtle.

BIRDS

Selzam, Millicent E., Tony's Birds. :o:vo_, and
Row, 1961, (K, I.) Toany is a birdwatcher.

FISii

Morgan, Alfred, Aquarium Book for Bovs and Girls.
Charles Scribner's Sons, 1959, (3+, Teachor.)
How 1o house and rear aquatic animals.

-
>

Zarchy, lHarry, Tropical Pish. World Publishing
Co., 1966, (3+,) How to sect up an aquarium,

INSECTS .

Llementary Science Study, Behavior of Mealworms.
tducatior Services, Inc., 1964, (Teacher.) Care
of mealworms and experiments with then,

Hussey, lois, and Catherine Pessino, Collectina
Cocoons, Thomas Y. Owoéo:,, tas3, (3+.) Con-
tains much uscful information.

sSterling, Dorothy, Caterpillars. Doubleday and Co.,
1961, (3+.) Interesting illustrations. Information
on collecting and keeping cateroillars.

Stevens, Carla, Catch a Cricket.  Younn Scott,
1961, (K, 1.) Photographs and te:x:t about small
boys catching insocts.

REPTILES

Conkhin, Gladys, 1 Caught a Lizard. Hohaay tlouse,
967, (K, 1, 2.) About small wild pots.

. . FCOLOGY

WORMS

Hogner, Dorothvy Childs, Earthworms. Thomas Y.
Crowell, 1953, (I, 2, 3.) Good drawing, much
acneral information.

>

STORILS ABOUT ANINMALS ’

Lensky, Lors, Aninals for Me. Henry 2. W ilck,
Inc., n.d. (K.) Includes some non-mar . .

McCloskey, Roboern, Make Way for Ducklings, -
Viking Prec:, 1941, (K, I, 2, 5.) A auck fanaly
Jrows up - wue center of Boston.

White, . 1., Charlotte's Web. Harper ana Row, '
Fvnoe (84.) A story about the life of o spluer, (V]
i

ECOLOGY

Amos, Wdlian H., The Life &f the Pond. MeGraw
Hhtl, 19u7, (Teachoer.) "Teellent vhotorraphs,
drawings, activities.  Jneludes food cveles and
Kinds of hiie at different & pih. of the ron e,

Buchsbauwm, Ralph and Mldred ‘Buchsbhur:, Basic.
Leology,  Boswoord Pregs 1904, ATeacher.)

e AR [
Swall, woell-vllustrated Yool , fechnical 1t intor-
estineg, ’

Darling, 1ois and Jomrs Dartawr, A Place on the San.

NMorrow, 19v8. (Teacher,) Deains with Ceojoay
of a farr; qocs on to bhagie crecles, foord ¢ aivs,
man's antlvence, pollution and econservation,

.
Q
1C

E




FOSSILS

Farb, Peter, Ecology. Life Nature Library, Time,
1963. (Teacher.) Adaptation and population regu-
lation in many ecosystems,

A Trip to the Pond. Doubleday,
but beautifully

Hofmann, Melita,
1966. (3+, Teacher.) Advanced,
illustrated.

v

Milne, Lorus and Margery Milne,. Because of a Tree.
Athencum, 1963, (3+,) Shows interrclationships
of animals and trees, Nice drawings,

The Ficld Book of Ponds and
1930, (Teacher.) Excellent

Z,oBm:. Ann Haven,
Streams. Putnam,
haridbook,

Reid, George K., ed. IHerbert Zim, Pond Life. Gold-
en Press, 1967, (Teacher.) Excellent handbook
on the characteristics of ponds, details and illus-
trations of plant and animal life.

Stone, Harris A., The Last I'ec Bird., Prentice-Hall,
1967. (3+.) Poignant story of a bird that is
gradually surrounded by modern ESSNmSo:.
Beautifully illustrated.

FOSSILS i

IDENTIFICATION .

Fenton, C. L. and M. A., In Prchistoric Scas. Dou-
bleday, 1962. (Tecacher.) An excellent reference
for ooo_on,\ and identification of invertebrates.

Herhert S., and P. R, Shaffer, Fossils, A Guide
Golden Press, 1962, (3+,

2im,
to_I'rehistoric Life.

122

Teacher.) Fine Q,Sam to invertebrate fossils and
ways to collect and display them. Convenient
for both children and teacher.

INFORMATION

Block, Marie, Dinosaurs. Coward-NMcCann, 1955,
(3+.) Nice sketches, interesting facts. Should
excite good recaders. .

Blough, Glenn O., Discovering Dinosaurs. McGrow
Hill, 1960, (2, 3, Teacher.) Rclates animals to
children's experiences; a well=illustrated anc
delightful book. .

Fenton’, C. 1.., Prehistoric World. John Day Co.,
1954, (3+.) Uncolorcd sketches, materials fasci-
natingly presented for the advanced third arader.

Ipcar, Dahlov, The Wonderful Ega. Doubleriary,
1958, (K, I, 2.) Declightful story and picturcs
introducc children to the way dinosaurs looked
and how they lived,

.

They Turned to Stone.
2, 3.) Tine discussion of non-reptile
Hignly recomnionded.

Mavy, Julian,
1365, (I,
fossils.

Neurath, Marie, The Wonder Waorld of [ ana Ago.
lothrop, Lee, Shepard, 1957, (2, 3.) Presonts
changes n life of non-reptiles over penods of
time,

Ravielli, Anthony, The Risc and I'all of the Thno-
saurs. Parents' Magazine Press, 1963, (2, 3.}
A ferociously real book, very exciting,

Holiday House,

Q

Aruitoxt provided by Eic:
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Watson, Jan~, The Golden Book of Dinosaurs and vanced, but the beautiful illustrations would aid

other Prehistoric Reptiles. Golden Press, 1960. children in identifvinag many comnion plants.
(., 1, 2, 3.) A very well~illustrated book that Includes some lower plants svch as alcae and
children will find fascinating. lichens.
Watts, May Theilgaard, T@'lower Finder. Ivature
ACTIVITIES WITH FOSSILS Study Guild, Naperville, I1l., 1955, Easy-to-
! usc identification key.

Heller, Robert, ed., Geology and Larth Sciences Watts, May Theilgaard, Master Tree Pinder., Nature
Sourcechook. Holt, Rinchart and Winston, 1962, Study Guild, 1963, Pocket-si1ze hey to trec iden-
(Teacher.) Source of principles, facts, experi- tification and information.
ments; quick reference. ‘ Zim, Herbert S., and Ale<ander ¢, M artin, Treces.

Golden Press, 1956, (3+, Teacher,)
Zim, Herbert 5., and Alexander C. Nartin, Tlowers.
: Ciolden Press, 1961, (3+, T'eacher.) n,w
IDENTITICATION Zwm, Herbert 5., Non-I'lowerina Plants. soloen v
Press, 1967, {3+, Teacher.,) Valuable handboor.
Cormack, M. B., The First Book of Trees. TIranklin ’
) Watts, 1951, (3+.) Very well illustrated.
fom \ AN \ > T P \

Podendorf, 1lla, The True Book of Trees. Children's IRTORMATION APOUT It ANTS
Press, 1963. (K, 1.) Chapters on growth, identi- - . ’
fication, trce flowers. ' Bancroft, Henrictta, Down Come the Leaves. Thom-

: ) as Y. Growell, 1961, (K, 1.) Good drawings of

Podendorf, Tlla, The True Book of Weceds and Wild nany kinds of leaves. . .
Flowers. Children's Press, 1961, (K, |.) Sim-
ple, informative text. Concerned with the com- Blough, Glenn O., Plants Round the Ycar, Harper
mon plants of a child's world. and Row, 1962, (1, 2, 3.) Pamphlet with nuch

] . general information about .plants.  Nicoe pictures.

Sterling, Dorothy, Trees and Their Story. - Doubleday
and Co., 1953, (3+.) Good photographs but text - Cou, Geolliey, the How and Why Wonucr hook of
is dull. frous. Grosscland Dunlup, 1964, (3%.) \Well

Swain, Su Zan Noquchi, Plants of Woodland and :._c..,n?;cﬁ? nuch tcriation.

Wayside. Garden City Books, 1958. (3+.) Ad- Drckinson, Alwee, The Tust cooi ol Plants, Yrank-

. op
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PLANTS

lin Watts, 1953, (3+.) One of the few books that
includes lower plants. Soma experiments are sug-
gested. Much general inforriation.

“

Fenton, Carroll Lane and Herminie B. Kitchen,
Plants that Feed Us. J. Day and Co., 1956. 3+.)
" Good illustrations. An interesting and unusual

book on cultivated plants. . Would tic in with
social studies,

Jordan, Helene J., Sceds By Wind and Water. Thom-
as Y. Crowell, 1962, (K, 1.) The ccological as-
pects of plant o_.oai..: are stressed, Transportation
of seeds,

Lane, Terdinand C., Al About the I'Nowering Woryi.

Random llouse, 1956, (3+.) Attempts to tell us

everything, therefore rather general. Includes
clementary ccology .

NMilne, Lorus and Margery, ?Plant Life. Prentice
Hail, 1959, (Tcacher.,) Discussion ranqes from

10::5_. structure to ecolosjical cons Eo_.oﬂomm.

Parker, Bertha Moiris, Dependent Plants. Row,
Poterson and Co., 1960, (3+.) Includes fungi
and parasitic lmgher plants., Well illustrated.

Parker, Bertha Morris, I'lowers, I'ruits, Sceds. Row,
Peterson and Co., 1911, (3+,) Pamphlet with
much qgeneral information and nice pictures.

Selsam, Millicent E., Birth of 31 I'orest, Harper and

Row, 1964, (3+.) Ecological emphasis — the for-
. ¢zt as an environment for all kinds of creaturoes.
Selsam, Millicent B., The Plants We [at. Wm. Mor-

row and Co., 1955, (2, 2.) Interesting material

<

about domesticated plants. Could be 9scd as a
basis for expcriments or demonstrations.

Sterling, Dorothy, The Story of Mosses, Ferns and
Mushrooms. Doubleday and Co., 1955. (3+.) A
comprehensive book about lower plants. Profuse
and interesting photographs.

Udry, Janice, A Tree is Nice.
1956. (K.) Ecological emphasis.

Webber, Irma E., Thanks to Irces — The Stors of
Their Use and Conservation. L. M. Hale and Co.,
1961. (1, 2, 3.) Discusses uses of trees, their
relation to the enwironment and conservation.

Harper and Pros.,

Scott,
Shows plant structure above and bo-

Webber, Irma E., Up Above and Down Below.
1943, (K.)
low grcund,

Zim, Herbert $., What's Inside of Plants” Wm. \or-
row and Co., 1952. (K, |.) Unigue matcrial on
plant structure.” Good drawings.

>O.§<:.Hm.m WITH PLANTS

Baker, Sam Sinclair, Thko Indoor and Outdoor Jrov:—
It Book. Random Housec, 1966, (2, 3.) Wcll-
illustrated experiments.,

Jordan, Helenc J., How a Sced Grows. Thomas V.
Crowell, 1960. (K, 1.) Includcs instructions
for very simple experiments, planting, and ob-
seorving growth changes.,

Klein, Richard M. and Deanna T. Kline, Discovering
Plants. Natural History Press, 1968, (Teacher.)
<~ Gmm
(2] 1




™

‘Many interesting experiments suitable for class or
individual students.

Kurtz, Edwin B., Jr., and Chris Allen, Adventures
in Living Plants. University of Arizona Press,

1965. (3+.) Good gombination of science fiction
and scientific information with experiments. v

Podendorf, Illa, The ,.H,_.:m Book of Plant Lxperiments,
Children's Press, 1961. (K, 1.) Simple experi~
ments with growing seeds.

Selsam, WMillicent E., Plants H.:mn Move., Wm.
Morrow and Co., 1962, (2, 3.) Discusses
lcaves, flowers, fruits, vines and twining plants.
Experiment-oriented.

Sclsam, Millicent m.,~ Play with Plants.
Morrow and Co., 1949, (2, 3.)
periments.

Selsam, Millicent E., Play with Seeds.
Morrow and Co., 1957,
sceds,

Wy,
Llementary e~

Wm.
(3+,) Experiments with

o

Wm. R. Scott and
How sceds are carried.

Webber, Irma E., Travellers All,
Co., 1944. (K, I, 2.)

STORIES ABOUT PLANTS

Y

s. Har-
I.) A small boy investi-

Selsam, Millicent E., Secds and More Sceds.
per and Row, 1959, (K,
gates seceds.,

Wondriska, William, The TFomato Patch.
hart, 1964, (K,-1, 2.)
¢<cellent illustrations.

Holt, Rine-
Enjoyvable fantasy with
Highly recommended.

ROCKS AND NINERA!S

Zion, Gene, The Plant Sitter.
(K, L.)
plants.

Harper and Row, 1959,
Humorous book about a boy srho "sits"

ROCKS AND MINERAILS -

IDENTIFICATION

Crosby, Phoebe, Jr. Scicence Book of Rock Collecting.
Garrard, 1962. (1, 2, 3.) Beautiful photouraphs,
well-written text opens the world of acoloygy to
children. Good specific guide for children's roce:
collections.

Fenton, C. 1.., Rocks and their Storics.
1951,

Doublcday,
(Tecacher.) Tine photoaraphs, well-written o

text' will belp in specific identification vrhile of- o
fering insight into origins. ) i
Shuttlesworth, D., The Story of Rocks. Doubledary,
1963, (L., I, 2, 3, Tcacher.) Splendid colors,
good for quich identification., The text 13 quite
mature,
Zim, Herbert S., and P.R. Shaffer, Rocks ard Aip-
erals. Golden Press, 1957, (3+, Teacher.,) A .
conveniont auide for quick identilication of rocte
and minerals and ricef discnrssion of oricins.
Juides 3n collectineg and ma ntariliv: rocs ang
nineral collections,  Thahly vrecor poerdod,
INTOAMATION
Adler, Trowa and Ruth, The farth's o oast, Toby Day,
_ O
- ! kl

E

t
Aruitoxt provided by Eic:




SHELLS

9

1963. (3+, Teacher.) Fine discussion of ;surface
and sub-surface features and processes that make
mountains, earthquakes, ctc.

Cormack, M. B., The lirst Book of Stones. Franklin
Watis, 1950. (2, 3.) Childrea should enjoy this
presentation despite dull illustrations and ad-
vanced vocabulary. Described specimens are
well-chosen.

Gans, Roma, The Wonder of Stones. Thomas Y.

Crowell, 1963, (1, 2, 3.) A well-1llustrated hook
u which presents the origin of the common rock as
. a matter of great wonder.

Shuttlesworth, D., The Doubleday Tirst Guide to
Rocks. Doubleday, 1963, (2, 3.) Valuable in-
formation and good drawings make this a highly
recommended book.

Syrocki, Joimy, What Is a Rock” Benefic Press,
. 19ol. (I, 2, 3.) With imaqginative sketches this
book makes a good introduction to a ‘aricty of

rocks and to processes that build and destroy
thom .
Zim, Herbert S., What's Inside the Earth? Wm. Mor-

row and Co., 1953, (2, 3.) « Well=-presented
mwaterial, buy bland drawings. Elaborations in
paratlel teacher sectior,

SHELLS

IDENTIFICATION
s
Abbott, R. T., ed. Zim, Herbert S., Sea Shells of
the World. Golden-Press, 1962, (Teacher.)

Indispensable guide for quick identification. Also
-~ includes geographical distribution.

Bevans, Michael, The Book of Scashells. Double-
day, 1961. (3+, Teacher.) Beautifully illustrated
reference book. Handy for children to use.

INFORMATION :

Blouah, Glenn O., Let's Go to the Scashore. Dou-
bleday, 1941, (2, 3.) Sensitive photography
makes what would be a catalogue a lovely book.

Blough, Glenn O., Who Lives at the Seashore”
Whittlesey House, 1962, (2, 3.) .Imaginative il-
lustrations; eccological approach well handled.
Highly recommended.

Dudley, Ruth H., Sea Shells. Crowell, 1953, (3+.)
Much information, althouagh fow pictures. Highly
recommended for the classroom.

. =

Q
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Activities om_ms.am? 114
Vm«mno? 27

African violets, wo

‘Ailanthus silk moth cocoon, 49
Air, see Oxygen

Algae; in aquaria, 28, 34, 44;
collecting, 29; observing, 77;
illust,., 31; bibliog., 123

Aloe, 14

>

Alum crystals, 83
Amaryllis, 9

Amphibians: cages, 37; collect~
ing, 40; salamander, 57; toad,
56; illust., 71; bibliog., 117,
118

Amphipods, 45

‘

Anacharis, 33

"Animals: care of, 25-60; discus-
sion guide, 62; identification,
63-72; bibliog., 117-121; also
sec by name ‘

Anole,/ D

Ants: keeping, 60; life cycle, 67;

3

observing, 97; habitat illust.,
100-105; bibliog., 119

Aphids: observation, 97; as pests,
" 16-17; illust.; 68; bibliog.,”
117, .119

Apples, 17, 75

Aquarium, 26-36; chlorine, 27;
cleaning, 34; cloudy water, 28;
heat, 27; inhabitants, 31, 32,
34-39%; natural pon8 aquarium,
29; oxygen, 27; plants, 27, 29,
31, 33, 34; repair, 27; setting
up, 26, 55; bibliog., 120-121

Armadillidium, sce Sow Bugs

Back swimmer, illust., 68; habi-
tat illust., 110; bibliog., 117,
119

Banana: bait for fruit flies, 53;
observing, 75

Bark,.observing, 79,80; habitat
illust., 101 ‘

Barn, habitat illust,, 108

Beans: germination, 18, 22; life
cvcle, 21; observing, 75, 80;
seéd structure, 18; wax beans,
13, 21 -

¥

INDEX

{

Bees, 53-54; illust., 54, 105;
bibliog., 117, 119

Beetles: cages, 60; caterpillar
hunter, 66; June bug (May bee-
tle), 67; ladybird beetle, 67,
100, 105; larvae, 67, 106;
mealworm, 51; bibliog., 117,
119, 121

Beets, 19, 80

Begonia, 10; propagation, 21;
illust., |1

Betta, 36

Bibliography, 115-126; animals,
117-121; eccology, 121-122;
fossils, 122-123; plants, 123-
125; rocks and minerals, 1253-

126; shells, 126
Bindweed, 104

Birds: 1in classroom, 41; {feather,
62; habitat illust., 100, 102,
103, 108, 109; bibliog., 117,
g, 121

Bladderwort, 33
Blood circulation, in guppies, 55

Blow flics, 60

t~
"
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128

Boq terrarium, 4

Bones: discusgsion guide, 62;
- museum exhibit, 87

Breathing: observation in @o_a.mm?
56; quppies, 55; snails, 45
b

Brine shrimp, 60

Bristle worm, 31

Brussels sprou*ts,. 17, 80
Bryophyllum, 2

Bubbler, 27

Budgerigar, 60 -

Buds: forcing, 23; eye of potato,
20; obhserving, 79,100

Bufo. americanus, 56

-~

Bugs: giant water bug, 32, 68;
June bug, 67; ladybird beetle,
H7; squash bug, 68; sow bugs,
46, 69; also sec Insects

Bulbs, 9, 80; bibliog., 123
m_‘::,domm? m.:cmﬁl 35, 110

Butterfly: collecting, 10; Giant
swallowtails 49; life cycle,
19, 51, 64; monarch, 3¢, '64;
1llust,, 61, 104, 105; bibliog.,,

117, 119, 121
Cabbaae, 17, 80

Cactus, 12, 14

Cages: cleaning, 38; cocoons',
50; crickets', 47, 48; dry,
36-37; gerbils', 59; grasshop-
pers', 49; moist, 37-38; rats’',
58~59; salamanders', 57;
toads', 56-57; bibliog., 119,-
120, 121

Carassius auratus . 55

Carp, 33

Carpenter ant, 67
Carrots, 19, 77, 80
Cat, 102, 109

Caterpillar, 4#9-51; collecting, 40,
habitat illust., 100, 101; life
cycles, 64-65; bibliog., 121

Caterpillar hunter, 66
Catfish, 33, 36

Cattail, obsserving, 77; halntat
illust., 111

Ccecropia moth, 64
Celery, 17, 80

Centipede, illust., 69; habitat
itlust., 102, 106

O:m_,:omoosx 60
Chickeh, 109
Chipmauhk, lust, , 72, a7

1
hlorine, 27

Chrysalids, 49-51; life cycles,
64-67; bibliog., 121 -

Citrus fruits, seed germination, .
22: observation. 75

Cocoons, ¢9-51; life cycles, 64-
67; bibliog., 121 -

Coleus, 11; life cycle, 21; propa- '/

gation, 7 . \
{
Collecting: animals, 29, w.?.won/ )

41; on field trips, 98; plants

(land), 23-24; plants (water), /

29 v
Concrete, 83 ’
Cones, 74

Copepod, 31
Coral, 84

Corn: germination, 18, 22; ob-
serving, 78; Labitat illust. ,
108, 109 -

Cotyledons, 18

Cow, _mm . :
Crab mUEo?.m@

Crayfish, 34; illust., 35

Crickets, 47-44; illust., 68, 106;
bibliog., 119, 121

Crustacecans: brine shrimp, 6(;
copepod, 31; crayfish, 35;
1D O
(4] i
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prawn, 35; (moé bugs, a5;
,water flea, 31, 60; bibliog.,
118, 122 )

Crystals, 82-83

Cucumbers: germihation, 10, 21,
22; observation, 17, 80

Cuttings, propagation, 7 , 8,19

Daddy longlegs, illust., 69, 105,
106 :

Damselfly, 32

Dandeliorf, observation, 78; il-
lust,, 103, 101

Daphn.1, 31, 60

Darter, 33
Desert, 97
Desert terrarium, 14
Ummo, pond snail, 70

Dog, discussion guide, 62; habi-
tat illust.,, 103

Dogfish, 35

Dormancy, 23
Downspouts, 96; 1llust., 112

Dragon m_,\.. life cycle, 68; illust.,
B 32, 68, 110

Prosophila, 52

Dicks, 41; habitat illust., 110;

ibliog., 118, 121

Duckweed: collecting, 29; ivy-.'
leaved, 33; observing, 77

Dung, as natural habitat sample,

41
Dwarf marigolds, dwarf zirnias,
10, 22 \ v

Earthworms: wage, 36, 60; collec-
* ting, 40; keeping, 60; observ-
ing, 96; illust., 69; habitat

illust., 105; bibliog., 120

Easter lilies, 12; pollination, 19

Ecology, 3, 19, 30; bibliog., 121-
122; also seec Habitat .

Ecosystem, 3 .
Eclgrass, 77
Fall cankerworm, 65

Feathers: -discussion quide, 62;
muscum exhibit, 87

Ferns: collecting, 23; observing,
74; in terraria, 13; habitat il-
lust., 107; bibhiog., 12

Tiddlehead, 107

Ficld trips, 94-113; plannina, 97;
sample, 95; svggestions, 97

FPins, 54, 56

Fingernail clam, 70

Fish: in aquaria, 26; feeding of,
28, 30; selection of, 34=2¢;
temperature for, 27; illust., .
35, 36; bibliog., 1'7, 14,
121; also see by name

Flatworm, 31, 43

Flowers: from seeds, 1@, 22; oi-
servation, 74; bibliog., 123,
124, 125; also sce by name

»

Fly: fruit, 52; house, 66

Fossils, 83; petrified wood, 80,
84; illust., 84; bibliog., 122~

123 - :
Irog, 60; illust., 71; habitat il- e -
lust., 107, 111; bibliog., _,_,\? i

118

Fruit: obscrving, 17, 75; seced
germination, 22; bibliog., 123,
124, 125

Fruit flies, 52-53; bibliog., 117

*

Fungus: collecting, 24, observ-
1ing, 75; in terrariunm, 13; il-
lust., 24; also sce AMushroon:s

W

Galls: illust., goldenrod, 753;
oak, 75, 101

Gammarus, 45

Garden, ciassroon:, 5-24

Giarden sing, 70

Garden spider, 09 o

x;} |
IC
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. Garter snake, 71 o e
Q@.m:E.B. 7, 11
Gerbil, 59
‘ ~Germination of seeds: 10,18, 19
~\ Germination chart, 22
) Giant swallowtail chrysalis, 49
Giant water bug, 32, 68
. Gills: goldfish, 56; snails, 45
Gloxinia, 20 )
Golden-eye lacewing, 64
Gol '2n :mxﬁwﬂm/?lﬂunj
Goldfish, 55-56
. Gonopodium, in guppies, 54-55

Grapes: observing, 75; seed
. germination time, 22

Grass, observing seed, 78; habi-
p tat illust., 105

qummromunoqm.. 49; illust., long-
horned, 105; meadow, 49;
migratory, 49, 68; habitat il-
lust., 105; bibliog., 119

Gravel: . in aquarium, 26; observ-
ing properties, 96; for planting
bulbs, 9

Great pond snail, 70

- Great western skink, 71

4

Qnmmm beans, 17, 75, 80
Greenhouse effect, 40
Ground beetle, 104

Ground squirrel, 72
Gryllus, 47

Guinea pig, 72

Guppies, 54-55; illust., 36

Hebitat: - collecting samples, 41;
also see Ecology

Habitat illustrations, 100-113;
barn, 108; city street, 102;
log, 106; pond, 110; school-
yvard, 112; tree, 100; vacant
lot, 104

Hamster, 60; illust,, 72
Harvestman, 69, .105
Hawk, 108 .

Hens m:a.ogowm. 14
Hornwert, 33

House centipede, 69 - .

f

Housefly, life cycle, 66; habitat
illust., 102, 108

EcScm‘,. in terraria, 13
Hyacinth, 9
Hydra, 60; illust,, 3!

Impatiens, 11

Inchworm, 101
Insecticide, 8, 16 .

Insects, 47-54; cage, 36; collect-
ing, 40; in galls, 75; identifi~
cation and life cycle, 64-68;
discussion guide,, 62, 107;
bibliog., 117, L1&=-119, 121

Ivy, 12, 13; propagation, 7, 21;
" roots, 77

T~

Ivy, poison, 23
Jade U_m:ﬁ/.f_». 21

June bug, 67 -

-

Kidney beans: germiration time,
22; observing, 75, 80

Labels for museum e::hibits, 88
Lacewing, golden-eye, 64

Ladybird beet!e, life cycle, 67;
habitat illust,, 100, 105

Lamp shell fossil, 84

Larvae: caterpillars, 49; life
cycle, 64-68; mealworms, 51;
habitat illust., 106

Layering, 21 .

Leaf: buds, 17, 79; propagation,
20; skeletons, 76 '

Leaves: collecting, 23; ob-
serving, 76, 79; preserving,
76, 79 |

cn
.

L , . . -
e . e e o ———————————

Aruitoxt provided by Eic:

E\.



Lebistes reticulatus, 54
Leech, 31, 69

Leopard frog, 71
Lettuce, 17
Lichens, 76

-

Life cycle, coleus, I, 21; cucum-
bers, 21, fruit flies, 53; in-
sects, 64-07; mealworms, 52;
museum exhibits, 86; plants, 2i

Light: animals' rcaction to, 44, 46,
18, 49, 52, 53; for aquaria, 30,
33; for plants, 13, 15, 16

Lima beans, 18; 22
Liverworts, 77

Locomotion: crickets, 48; fruit
flies, 53; mealworms, 52;
plaharia, 44; sow bugs, 47

Log, habitat illust., '106
L.ong horned m.nwmm:ovvm_,. 105

Mammals: 58-60; identification,
72; bibliog,, 117, 119-120

Marqgaritifera, 70
Mariqgolds, 10, 22
Maternity plant, 21
\ating, sec Reproduction

Mavyfly, illust, ; 32, 68; habitat

illust., 110C
Zom?ao_,am.. 51-52; bibliog., 121
Mealy bugs, 16-17
Measuring worm, 101

Metamorphosis: cocoons, 49;
crickets, 48; life cycles, 64~
68; mealworms, 51

Mildew, 11+ —
Mitk snake, 109

Millipede, 69

Minnow, 35

Mites, 106

Moisture, sce Water

Mollie, 36

Molluscs: snails, 44; identifica-
tion, 70; biblion., 120, 126

Monarch butterfly, 51; hife cycle,

64
Moons, 36
Morning ylories, 1o, 21, 22
Moses-in-a-boat, 12

Mosquito:. larva, 32; hfe cycle,
6b; habitat illust., 110
Mosquito fish, 3b

noss: icecting, 23; obsorving,

- U ¢

R

. 2
w.\.:sn%m:?I..:&:ETT

lust., 107; lmbhog., 124

Moths, 19, 64-65; cccropia, 64;
falt cankerworm, 65; tont cat-
crpillar, 65; woollvbear, 65;
bibliog., 117, 119

Mice, 58; illust., 72; habitat 1l-
lust,, 108, 4109

Mung vmﬂmsm . 22

Muscum, 85-93; cexhibits related
to MINNEMAST units, 91-93

0
hushrooms: collecting, 24; ob- oD
servina, 75; habitat illust, , ey
oo, 107; bibliog., 124
Mvstery snail, 70
Narcissus, 9
Natural pond aquarium, 29
Nests: ant, 97, 102; bied, 100,
108, 109 .
Nostrils of toad, 57
hNut, 75, 88
Oak, life cvele, 8y
Omons, 19, 8O
Oranges, seed germination, 2J2;
obsovrvation, 17, 75
Overcrowditing of plants, 19
: o R
Owyaen: an aguarnia, 27; for
139
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4 annmals, [0

vt eartle, 71

crtberinne vae splash, 96; on
tere s, L on pine cones, 71;
Do a5, V;~ Hi

Poass oommnation tie, 22; ab-

st g, 17, G

~4

Poat oosar in potting plants, 6,

tor tegyrarya, 13
Povraaana, 2

Popner (green), 17, 80
Potrfiod waod, 80, 1)
Padlodendron, 7, 12, 21
Prererel weod, 111

Pine cones, 74
Planarta, 13-4

Pilants, 5-24; 1 aquaria, 27, 33~
34; collecting, 23; fossil, s1;
vientification, 73-8u; warnineg,
23; habitat illust,, 100-113;
inblioa, , 123=125; also 30 by
spoecific name

Plantam, comion, lug

Plant food, in aquaria, 33; for
potted plants, 16

Plourocera, 70

Pods, 75, 78 .

Poinsettias, 12

Poison 17y, 23

Polhination: awmaryllis, 10; nar-
crgsus, 9 tuhips, 19

10__;,205. 3, 30

Powi: aquariun, 29; plants, 77;

snatls, 70; halntat 1llust, ,
F1o=111; bablhoa,, 121, 122

Ponav.ater, 77

Ponaweed, 3.1

Porcellio, <o

Potato: sweet, 20; whnte, 20, 8y

Pots for plant.:  cleaning, 244
Kinds, 6 preparation, 7p sie.,
g otoring, 24

Potiing plants, ©

:.;::m?.j
Promigation: cuttings, 7; layornag,

H
21 leaf propaantion, 2u; zend,
13, 22; tubers, 20

Praw,

I'rotosoa, 31

Puddley, 96

Pumpin, secds, 17, 18, 22

Pupac, 43-51, 6d=67; mealworms
51

Quadrula, 70

Rabbits, 41

Radish, 19; gcernanation tire, 22

Rats, 34~59; habitat 1llust., 10X )

Red=-winaed blachkbird, 111

Reeds, 111

Regencration, 44

Roproduction:  butterilics,
crickoets, 470 frut flice, 53
gurbils, U grasshoppers,
190 guppics, 51-55p nceal-
WOrtus, 570 wmoths, JUp pur-
arocinn 7= piarara
A=y rats, 59 snalls, 0;
souvy bugs, (o for plants,
sce Propagation

Reptiles: chaneleon, 60; aarter
snace, 71; nilk snake, 109;
suink, 71 tortle, 71 warninas,
98; bibhoa,, 117, 120, 121

Rhoco driscolor, 12

Rochs, 8l-ud; tabhoa,, 125-121,

Roots, on cuttinas, 7, 12 obscrv-
ey, 17, e, 77, 96

Rotifers, 1

139
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Roundworm, 31
Rubbing o_oo:o_., 16
Sagittaria, 34

Salamander, 57-58; cage, 36;
food, 52; tiger, illust,, 71;
habitat Hlust. , 106

Sand: ror aquaria, 26, 34; for
cuttinas, 7; formed into rock,
83; patterns in, 96; for terraria,
13

Scale on plants, 16-17
Scales on canes, 74

Scarlet runner beans, 10, 22
Scillas, 13

Scuds, 45

Sced forn fossil, 84

Scads: collecting, 23; germina-
tion, 10, 18, 21, 22; observing,
17, 18, 78; parts, 18; bibliog.,
124, 123

Shelf fungi, 13

Shells: fossil, 84; illust,, 70;
bibliog,, 126; also sce
Molluscs

Shrimp, o0
Skink, 71 f

Slugs, 40, 70

Snails, 44-45, in aquarium, 34;
cage for, 3b; collecting, 40;
illust., 32, 70; habitat illust.,
106, 110; biblioa,, 120; also
sce by specific name

m:.,erm. 60; illust,, garter, 71;
milk, 109; habitat illust,, 1o,
tu9; bibliog,, 118, 120

Soil: “natural habitat san.plc, 11;
for potting, 6; storage, 24;
habitat illust,, 103

Sow bugs, J16-17; illust,, 69;
habitat illust,, 102

Sparrow, 102, 108

Sphaunum noss: 0 1

terrarnia, 1

in cages,

Spiders, 60; web, 96; 1linst,, uY;
habitat illust,, 'ol, 1o, 105,
[oo, 109; inblhiog., 113, 120

Sporess forn, 7.1, u7; voss, 77,
to7;: swwvshroon, 75, o7

Spring, 97
Springtal, 3.2
Sauash, 22
Squash g, 68

saunrels, 72, Hog; tabhiog,, i

Stems: forcing buds, 97; obscrv-
ing, 79; white potato, 20

Stonewort, 33 -
Street, habitat illust,, 102-103
Succulents, 12, 14

Sugar crystals, 83

Sultana, 11

Sunfish, 34; 1llust,, 353
Sunflower, 78 .

Swallow, 106, 109

It

Swcet potato, 20

Tadpoles, 60 G__
h
Fadpole snail, 70 i
Farantula, 69
Faste: an planaria, 43; 1n sovw
bapas, 47
Feeth, ntoads, 537; 10 uscour
oesinints, 47
Fenperature: in caues, 39: for
frsh, 27-30, 54; for ericiet
cags, 17; for mealworns, 32
for toads, 57
Fendirno r.ohitor, 7))
Fent caterpaliar, 653
W%ZZ:_._" bou, M cleaiuna, 24;

X
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desert, 1d; moist woodland, 13;
suvphies for, 13

hirteen-hned ground squirrel, 72
Faer salanander, 57

I'oad, 56-37, 2WJlust.; 71; bibhog.,
113; {or horned toad,sce Reptiles

Tomatoos: germination time, 22;
ltfe cycle, 21, obserwvation, 17,
75, w0; Tinv Twm, 10; bibliog.,
125

Tradescantia, 12

L J
[ranspration, 11, 17
Pransplantiuwg, 8

recs: olgervation, 79, 40, 97;
habitat sllust,, 100, 103, 104;
bibhog,, 123=-124

fubers, 20

Tube wony, 3

fohos, 19

Muecttes, 710, 11 abliog,, 120
Yacant tot, habitat 1ltust,, 104
Yathwneria, 34

Vo tables,

125

17, 80; Iyblioa,, 124,

Vialets, African, 20

Vinest avy, 7, 12, 77; propadga-

tion, 21; sweet potato, 24y
Wandcering Jew, 7, 12

Wandering Jew, 7, 12

Water: in aquaria, 27-28; 1n
cages, 37, 58; for cocoons, 50;
content in plants, 17; for crick-

cts, 48; for plants, 7-8, 15;
cffect on rocks, 82-84; for ter-
raria, 13-14

Water bectle, 32

Water boatman, 32, 68

Water bug, giant, 32, 68

Water flea, 31, 60

Water lily, 77; habitat 1llust,, 110
Water milfoil, 33

Water mite, 32

Water moses, 33

Wax beans, 10, 18, N_

Weather, 96 .

Web, spider, 96

White-lipped land snail, 70

110;
Witch hazel, 106

Wigqgloer, also see NMosquito

Wood, in natural habitat sawple,
41; obscrving, 79, 80; potri-
" fied, 81

Woolly bear, 65

Worms: coilecting, 40; discus-
s1on guide, 60; ecarthworms,
60, 96; illust., bristle worms,
31; carthworm, 69; flat worms,
31, leeches, 31, 69; round-
worms, 31; tubc worms:, 31i;
natural habitat illust,, 105;
bibliog., 120, 121

Yams, 20
Zebra finch, by
Zebra fish, 35

Zebrina pendula, 7, 12

Zannias, o, 22
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