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REF L

THE value of nature study as a means of training children to observe
and investigate is now fully recognised by the majority of our
best teachers, with the result that the careful study of natural
things and phenomena takes a very prominent place in the school
owrriculum ; and the object of this little guide is to assist the
teacher in his attempts to obtain for the children the mazimum
benefit of the thoughtful observations of their physical environment.

The purpose of the book is not to supply the teacher with
information on all the various aspects of Nature, for an attempt
to attain this end in a single volume would necessarily result in &
most y and tisfactory y of Nature’s works.
The aim is ra.ther to lead the teacher to the best methods of treating
his subjects, and to supply him with such practical suggestions as
will help him in providing and maintaining a suitable supply of
material for both occasional and continuous observations.

Thus, while a certan amount of information is given with the
object of calling attention to various things of special interest, and
to phenomena that are not always understood, the space is devoted
mainly to the treatment of nature lessons within the school building,
to seasonal studies out of doors, and to the preparation and manage-
ment of valuable aids to the study of Nature, such as the aquarium,
the vivarium, the school garden, and the school museum.

Although but little space is devoted to the desoriptions of
natural objects, it is hoped that the numerous photographs and
other illustrations will enable the reader to identify the majority
of the things named.

W.8 F
Loxpox, 1911,
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I
NATURE STUDY
Waar 11 18—Is Varus

Tre study of Nature now takes a prominent place in the ourriculum
of many schools, and while many teachers regard it as being
& valuable aid in the training of infants and junior scholars,
others have fully recognised its usefulness as a study for children
throughout the whole period of their school life,

But we must, at the outsct, state precisely what we mean
by the term ‘ Nature Study.’ It is the careful and thoughtful
observation of m.tuml ob)eotu and natural phenomena by the
hildren, under the of the teach proccss of
on the part of the children by means of which natural objects and

ad
It will be clearly seen from the above definition that we have
nothing whatever to do with the old type of object leseon in which
information acquired by the teacher is imparted to the class, not
even if such a leason is illustrated by the exhibition of the object
in question, as well as by the best of pictures or diagrams.
Such a lesson is merely a lesson of information, in which the
children gain second-hand knowledge; and the aoquisition of
facts given is only & matter of memory, unaccompanied by
thoss important mental processes which sesist in the development
of the growing mind. The true nature study lesson is one in whickh
each child closely observes an object placed before him, or studies
s phenomenon that presenta itself to him at the time, and in which
he is encouraged to form his own conclusions, sud to realise, as far
a8 poesible, the true nature of the thing seen,
]
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Thus nature study, as we are to understand it, is to be Joohed
upon rather as a method than as a subject, It is, with the teacher,
an effort to bring the children in direct contact with things, to
ocultivate the habit of careful observation and discrimination, to
create a living i in the dings, and to
mdependent thought. It teaches the child not only to see, but tb
recognise ; and it produces a habit of sensory alertness at a period
during which the mind is particularly plastic and impressionable.

. There is a vast difference between nature knowledge and nature
-study. The former simply denotes facts acquired, while the latter
is -rather a spirit of inquiry and research by which natural
objects and phenomena arcuse a living intcrest and encourage
investigation. In the latter case the work of the teacher is not to
give information, but rather to stimulate the children to observe and
diseriminate for themselves, and to form their own conclusions.

Of course, in the case of young children, the ideas formed and
the conclusions framed will always be more or less vague and
impertect ; but since these ideas and conclusions are the result of
the children’s own efforts, they are of far moro value than the clearer
conoeptions imposed by the teachor on a class that is merely
passively receptive.

The value of nature study as a means of training children can
hardly be overestimated. The habit of close and thoughtful
observation that it cultivates will not only have a great influence
on them during their period of school life, but will also assist them
in their future carcers. It will help them to see and understand
various natural objects and the phenomena associated with them
that would otherwise remain practically unnoticed, and will have
& very great influence in determining their tastes and pursuits.

This cultivated habit of closely observing natural objects and
phenomem will give the child a practical grasp of the whole
physical world, enabling him to recognise all things and occurrences
a5 & 8ot of conditions that form his own environment. It will
produce & keenness of the senses and precision of observation that,

pled with an app tive interest in the surroundings and &
natural inquisitiveness concerning things in general, will put him
in & much better position to carry out the work demanded
of him in his future carcer with initiative, self-reliance, and ‘a
productive method,

The training which nature study gives not only causes the child to
soe with the mind as well as with the eye, but teaches him to observe
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with a purpose; and the mental discipline it enforces provides a
splendid foundation for the future study of the experimental scienoes.
A good systematic course of nature study will also lead to neatness,
accuracy and dexterity in all work undertaken, and do much
towards the cultivation of patience and perseverance in the worker.

If the effect of a good course of nature study is to produce in the
child all that we clmm for it, it is clear that the training must
have more or less i in tion with the teaching of all
school subjects. But some of these subjects are so closely allied to
this study that they should be worked hand in hand with the latter.
Thus the drawing lessons and the clay modelling exercises may be
continuations of the study of the natural objects examined, and
the teaching of geography may be conducted as an extension of the
outdoor observations of natural objeots and phenomena.

Then, again, a very large proportion of our best literature teems
with references to natural objects and phenomena, and thus the
study of Nature enables us to understand and enjoy much that
would otherwise be meaningless or vague.

There is yet another aspect of the subject well worth considera-
tion. Nature study is certainly of great value as an aid towards the
culture of wsthetic tastes, and many of our best teachers further
recognise in it a powerful aid in moral training. It cultivates the
judgment and the imagination, and thus leads to such thoughtful and
intelligent observation that the child not only becomes acquainted
with the facts of Nature, but sees and appreciates her beauties and
realises her d This intion of the beauties and
wonders of Nature leads to a sympathy vnth all living things, thus
correcting the natural tend ; and it also
tends to create a broad human sympa.thy. Nostudy so thoroughly

the ssthetic and ts of a child's character,
and no school study can do more to brighten the lives of the children.




I
NATURE LESSONS
1, CroI10B OF SUBJECTS—SCHREMES OF WORE

In selocting subjeots and in making out schemes for a course of
nature study it is absolutely essential that we follow the course of
the seasons, so that each of the studies may be made direct from the
fresh or living material, and the various natural phenomena engage
attention at the times of their ocourrence.

The work should not consist of a series of set lessons, rigidly
defined as to time and character, with no logical connection between
them ; but of a carefully prepared scheme of observations, drawn

up in perfect dance with the ion of the and so
erranged that each portion naturally evolves itself from that which
precedes it.

Buch a soh while systematic from beginning to end, must
not be too rigid. The very seasons on which it is based are them-
selves 8o variable that it would be very unwise to fix the date on
which each portion of the work is to be done; and it would be
equally unwise to attempt to decide how much should be done in &
given period. The most experienced teacher is unable to foresee the
many diffioulties which may arise in the minds of the children—
difficulties that should, as far as possible, be cleared away before
the next steps are taken in hand ; nor can he foresee the occasional
disappointments that sometimes ocour in connection with the
oollection of material for his work, and, on the other hand, the
unexpected wealth of material that will now and then fall in his way.

Further, whatever may have been the care bestowed on the
preparation of a scheme of nature observations, in the hands of &

- thoughtful teacher, new ideas and developments are sure to present
themselves ; and, for this reason alone, the teacher should have
porfect liberty to adjust the work as it proceeds, rather than feel
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himself compelled to follow & stereotyped course in which his own
initiative and that of the children are more or less restrained.

Again, the work laid out should never be excessive. The valus
of the work done is not to be gauged by the number and varioty of
subjeots compressed into the scheme, but rather by the thoroughnoss
of that which has beendone. And, as regards the nature of the work
introduced, it is probable that nothing is more effectual in the train.
ing of young minds than the continued observations of & progressive
series of events such as those exhibited in the development of
seedlings under varying conditions, in the varied aspects of trees
at the different seasons of the year, and in the life-history of an insect
or other creature traced from the egg to the adult or perfect stage.

Many of the subjects that may well form part of a nature study
course are such that they can only be successfully dealt with on
oertain rare or special occasions. Thus, we take the opportunity
of studying the enow-storm while such a storm is in progress; and,
similarly, the thunder-storm and other occasional atmospherio
disturbanoes at the times when they ocour. We also call attention
to the differences between stars and planets during a period when
one or more of the latter are conspiouous in thesky, The migrations
of birds are studied at those when the ts are taking
place ; and the hibernations of various animals during the autumn,
when they are making preparations for the long winter sleep, and
during the winter iteelf, when they may be observed in their snug
hiding-places. In short, as previously laid down, every subject
must be taken in ita proper season, so that the whole scheme is in
perfect harmony with the daily experiences of the children.

It is the writer's experience that most teachers find a greater
difficulty in the selection of suitable subjects from the animal than
from the vegetable world. This is partly due to the fact thab
ocommon British animals are not so generally studied as are the

ocommon ﬂowmmdtreel. The lower animals—the i
ially neglected on t of the general aversion towards
moplns things.

The old-fashioned, so-called nature lesson, illustrated only by
s pioture and, perhaps, & fragment of skin, hoof or horn, is of very
little educationsl value. The ocardinal feature of animal life ia
motion ; and if the children have not the opportunity of observing
the interesting habits of the animal in question, and of working out
the striking relation that exists between the habitsand thestructure,
the charm and value of the lesson are lost.



(] NATURE STUDY GUIDE

Seeing that the object of the nature lesson is not to supply in-
formation, but to ge independent observation and discrimina-
tion, it is clear that one animal is practically as useful for the purpose
a8 any other ; and, therefore, there is no reason why, as a rule, the
leason should not be based on some form of animal life that can be
conveniently studied within the schoolroom, or that may be observed
in the neighbourhood of the building.

Of course we do not mean that no informationshould ever begiven
on foreign animals and on those British species w}ucb can seldom
or never be seen alive by the child Such i tion may
often be extremely useful in connection with the teaching of
geography—a subject that is very closelyallied to nature study. But
the information so given should not constitute a set lesson in itself,
for the mere presentation of facts by the teacher is not of sufficient
importance to demand much time, and a lesson partaking of the
oharacter referred to is entirely foreign to the spirit of nature
study.

An enthasiastic student of Nature will soon discover that
there is a wonderful wealth of animal forms among British speoies
which are eminently suitable for study by children ; for, in addition
to our familiar mammals and birds, we have many interesting
fishes in our ponds and streams, & few amplnbmns (frogs, toads and
newts) with exceptionally i istories, harmless reptiles,
and many mvertelm.ﬁes, such as mseot.s spiders, snails, earthworms,
etc., the majority of which may be easily kept in captivity for
constant observation, or studied in their natural habitats in the
neighbourhood of the school.

The scheme of nature study set out on future pages will, we
hope, give many useful suggestions to the teacher ; and the varjous
hints on the treatment of creatures that may be kept in captivity
either in the school garden or in the schoolroom itself will enable him
to maintain & wealth of living material for close and syutamahc
observation,

The collection of specimens for the study of Nature need not,
and should not, devolve entirely upon the teacher. Let the children
once get an insight into the wonders of natural objects around them,
and they will always be on the alert for new sources of delight, with
the result, especially in the case of schools in the country or on the
outskirts of towns, that more than sufficient material will generally
be forthcoming for the nature study work.

Tt is well to encourage this propensity for the collection of natural
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objects on the part of the childron, providing it is properly directed.
Care should be taken to sccure that the children do not develop into
mere collectors of material withoutdiscrimination as to the usefulness
or otherwise of the specimens acquired. Their labours in this direc.
tion should be so controlled that they bring in only such material
88 i8 neocessary in the working of the nature study scheme of the
school, together with those objects concerning which they desire
to gain information.

This latter point is one of considerable importance, for it is the
duty of the teacher to encourage the natural curiosity of the children
under his charge; and it will be well, now and then, to devote &
little time to pleasant chals on thoir observations and specimens,
even though they do not fall within the range of the course planned
for the school work. Such chats will not only be a source of much
delight, but will also be a wonderful stimulus to keen and thoughtful
observation in the future.

2. NaTure LEssons

Let us now pass on to consider the matters which relate more
directly to the regular lessons that make up the nature study course
of the school, leaving, for the present, those occasional observations
which, though forming an important part of the scheme in operation,
do not require set times and periods,

In accordance with the old plan which insisted on some kind of
‘ introduction’ to the lesson, the question is often asked: ‘ How
shall I introduce this lesson ?’

A nature lesson requires no formal, spoken introduction by the
teacher, Set the object to be studied before the class, and let the
observations commence at once. The commonest form of intro-
duction to a lesson is, perhaps, a series of questions put by the
teacher with the objeot of encouraging the children to guess what
he is going to talk about. This is, of course, an absolute waste of
time; and even where tho lesson naturally evolves itself {from a
preceding one,and it is y for the children tosee th tion
between the present subject and the last, this connection is often
best soen after the present lesson has been practically concluded,
and the relation between the two should be worked out by the
children, and not by the teacher.

Certainly one of the best ways in which to start & nature lesson
is to place the object of study before the children, and then tell them
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to observe carefully, thp teacher himself being careful to allow
ample time for a very th h inspection of the speci
Some would insist that this mtroduotory observation of the
specimens should be perfectly silent, the view being entertained that
children should not be allowed to talk in school—that the discipline
of the school—the power of the teacher over his class—would suffer
if such liberties were allowed ; but if the tone of the school is what
it should be, the dignity and power of the teacher will lose nothing
from the permission given to the children to exchange observations
and thoughts with one anot} It is astonishing, too, to observe
how children, left for a time to themselves, can help each other in
the disocovery of facts and in the solving of little problems, tb say
thing of the i d i in their subject brought about by
communioation of their discoveries and ideas.
Of course the observations of the children, under these conditions,
will be carried on regardless of any deﬁnih order; and the ideas

framed may often be hat confused and i t. But the
children should have the first opportunity of seeing, and the first
opportunity of investigating. Where 'y, the teacher may,

by an occasional remurk. direct the observations into some desired
order, and any oonfusion of ideas may afterwards be corrected.

After the interest of the class has been thoroughly aroused by a
preliminary obsorvation of this kind, the teacher demands the
attention of the children and, by a carefully planned series of
questions, discovers what observations have been made, and draws
attention to other points which should have been seen.

Further questions will be asked with the object of encouraging
the children to think out simple problems with regard to the habits
and mode of growth of the thing before them, and to work out the
uses and functions of its various parts.

Throughout the whole lesson the teacher should be careful to do
nothing for the children which they can do for themselves—to
tell them nothing which they themselves can discover, and to offer
no explanation where it is possible for them to solve the matter
themselves, He ahould give the required assistance only where
the ohildren fail after every possible encouragement has been given,
and remember that the inability of the children to observe certain
pointa of strusture and to think out the problems involved, is often
due to more or leas impatience on the part of the teacher, resulting
from his desire to got on with his subjeot in order that the lesson
may be complated within a given time,
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This latter error ia & grave one. It is quite right that a teacher
should carefully plan out his work, and form some kind of estimate
a8 to what he is likely to do in the time at his disposal, but he ehould
never attempt to adjust the progress of the lesson in order to make
it coincide with the time. It matters not whether a lesson is com.
pleted according to the plan laid out, but it is most important that
the work done is done thoroughly.

For this reason the teacher has a right to demand the fullest
liberty in dealing with his subject. He never knows what diffi-
culties will arise during the progress of the lesson, Many unex-
pected pointa of interest will frequently present themselves.
Qcoasionally it will happen that a topic, concerning which the teacher
anticipates a diffioulty, turns out to be less formidable than was
supposed. Hence he should have full power to expand or omit
any portion of the work previously planned, and even to change the
order originally proposed, when he is of opinion that by so doing he
can make his work more productive.

We have spoken of the import of careful questioning on the
part of the teacher, but we must note that the children should be
‘allowed and, indeed, strongly encouraged to put questions to their
teacher. Buch questioning must not be permitted at all times during
the lesson, or it will tend to break the continuity of the work. At
certain stages, however, and particularly at the end of the lesson,
it will be well to give the children every opportunity of satisfying
their natural curiosity. Each question asked is, to the teacher, an

ging proof of the int taken in the lesson ; and the more
thoughtful ones give evidence as to the warking of the minds of
the children, and also serve, to an extent, as a measure of the value
of the work done.

Of ocourse it will frequently happen that even a young child will
ask & question which the teacher cannot answer, but this is not
necessatily a proof that the latter is not properly qualified for his
work, Nature is so varied and so full of changes that even after
many years of olose and constant study of her productions and
phenomena one is always finding some object which has not been
soen before, or noting some phase whioh has never before presented
itself ; and it is always possible for a child to distover what a nata-
ralist has never seen, But even so, & teacher should put himself
in the beet possible position to deal with the various questions the
children may ask by keeping his knowledge sa far as possdble in
advanos of that which he desires his children o scquire.
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Should it happen, as it sometimes will, that the teacher recoives
& question he cannot answer, he should not fear any loss of respect
on that t. If the relation bet the teacher and the class
is such as should exist, the latter will never withdraw its confidence
and respect because, occasionally, the former is unable to give an
honest answer to a question asked.

Itis not at all an uncommon thing to heara teacher say : ‘ One of
my children asked me o and so, and I gave such and such a reply ;
was that right ?* In a case like this the teacher is probably ashamed
to admit that he does not know, and so he frames some kind of
answer and presents it with a hope that it may possibly turn out
tobecorrect. Thisshould never bedone. The teacher’s information
must be accurate, and he himself must be true.

Again, in order that a teacher may be able to carry out a nature
ocourse successfully, he must himself be a student of Nature. If
he is to arouse enthusiasm in the children under his care, he must
himself be an enthusiast. This same remark also applies, of course,
to the other subjects he is called upon to teach; and thus we come
to the logical conclusion that every teacher must be an enthusiast
in everything he undertakes to teach. This is, a3 we know, almost
impossible in the case of a teacher who has to deal with all the
subjects belonging to a modern curriculum, but still there is no
reason why the teacher should not do his best to make the nearest
possible approach to this ideal condition.

In some schools an attempt is made to increase the quality of
the teaching by allotting to each teacher a subject rather than a
form or clasa. Thus each member of the staff is, or becomes, to a
greater or lesser extent, a specialist in his partioular work. .

There is a great deal to be said in favour of this arrangement ;
for if, as should be the case, each teacher is occupied in dealing
with his favourite subject, the energy and enthusiasm naturally
put into the work must necessarily be greater.

This system, however, has at least one drawback. The teacher,
having no fixed form of his own, but passing continually from one
group of children to another, has not an opp ity of aoquiring that
intimate lmowledge of the habits and dispositions of the children
which is necessary in order to mould their characters.

Natur study seems to be one of those subjects for which a special
teacher is more particularly ldvt.ntageous for while the majority
of teachers possdss a satisfactory knowledge of most of those subjects
thstformpcttotthoordm&rywmwlumoinuﬂynﬂwbook.m
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study of Naturo has received but little attention until recently, and
thus fewer teachers would ider tk lves suitably qualified
for dealing with it.

Reverting now to the subject from which we have slightly
dlgressed we next draw attention to the desirability of always
encouraging the children to sketch what they observe, and thus to
keep both eye and mind working together. Of course many-«of
the attempts on the part of the children, and especially of the
younger ones, to represent what they see will be very crude and
inaccurate. That, however, is a matter of but little importance, 1t
is sufficient that they have made & good attempt. The results
will gradually, perhaps rapidly, improve as time goes on; and
we may be sure that most children at least have observed the object
before them much more closely than they would have done had they
not boen told to give a graphic representation of it.

Again, if the object selected for a nature lesson is to be thus
represented by the class, the drawing need not ily be part
of the lesson itself, but may form an entirely separate lesson in
drawing, either on the same or another day. The two subjects,
nature study and drawing, should run together; and it is of little
importance whether the drawing lesson precedes or follows the
corrgsponding nature lesson. If the former, the nature study will
probably progress a little more rapidly because much of the observa-
tion has been previously done; if the latter, the drawing will be
more pecially in matters of detail, on account of the
previous minute tion of the object during the nature lesson.

As regards the teacher’s own drawing and illustrations we
shall have many remarks to make; but we may set it down as a
goneral rule that & nature lesson, based on specimens which have
been distributed to the children for study, or on a large object
placed before the class for the observation of all, requires but little
blackboard illustration, if any at all. No sketch or picture should
be presented that merely * illustrates ’ that which may be observed
in the object itself, not even if the former displays certain particular
features more conspicuously than the latter. Let the children have
the full opportunity of searching out the features for themselves.
Do not attempt to save them any trouble, for this will deprive them
of the pleasure of finding out for themselves. It is close observa-
tion that we desire to encourage, and, therefore, we do not tell them
what they ought to see, but ratner let them have the pleasure of
telling, in their own simpie language, what they have discovered,
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At times, however, pictures are very useful aids. Thus, after
it has been made clear that the general form of a certain tree must
necessarily depend to a great extent on the arrangement of the
buds as seen in the twigs placed before them, a picture of the whole
tree may be shown as & means of d ting the conclusion; but
éven this is unnecessary and unadvisable where it is possible for the
children to observe the tree itself within a reasonable distance from
the school or their homes.

Diagrams are often useful to the teacher himself in assisting
him to direot the observations of the child It is often
to call special attention to some particular part of the specimen
that i being examined, if only because it is advisable to secure some
definite order in the work—to see that all the children are giving
their attention to the same part at the same time. It isoften some-
what difficult, especially with junior classes which are unacquainted
with the names by which the parts of an object are denoted, to
specify the particular portion requiring attention; but a diagram,
even a very simple one, will enable the teacher to point it out
immediately.

The same purpose may also be served by the use of a model
instead of a diagram, Thus, in calling attention, in order, to the
parta of & flower, & model of the flower, sufficiently large to be
distinctly seen by all the class, will prove much more useful than
the best, of diagrams.

With the aid of such simple materials a8 plasticine, pieces of
paper of various colours, wood splints, pieces of wire, etc., exceed-
ingly useful models of various natural objects may be put together
in a very short time.

Both diagrams and models should be used sparingly. They
are not to be employed for the observation of the children, but as
an aid to the teacher, They should be out of sight except at the
short period or periods during which they are actually necessary, or
the children's attention, which should be devoted entirely to the
natural object before them, will be divided between the two, thus
helping to destroy what should be the main aim of the nature lesson.

A thoughtful teacher can often forssee some of the difficulties
that are likely to arise during the course of a leason—difficulties
that may require the aid of a blackboard sketch, and will prepare
what is neoessary beforehand; but even the most experienced
teacher cannot foresee all that is required, and therefore he should
be able to produce & satisiactory sketob, in the shortest possible
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time, to satisfy the exigenoy of the moment. Without such skill the
leeson is liable to run slowly at times, and the laboured produotion
of & simple drawing will demand a pair of eyes that should be ever
directed to the class and its working.

Really good pictures representing natural scenes and phenomens
are very valuable both in connection with, and apart from, the
nature lessons of the school, especially in populous towns, .the
children of which seldom have the inclination or opportunity of
taking & ramble in the country. Such pictures enable the teacher
to broaden the scope of his lessons, and to illustrate those casual,
pleasant chats about the ever-changing drama of the seasons, and
the general aspect of wood, wayside, meadow, moor, and mountain,
that create a desire to stray from the crowded streets to open spaces
where the realities of Nature may be enjoyed.

The instrument formerly known as the magic lantern and used
for entertaining purposes, but now designated the optical lantern
and recognised as & valuable aid to education, is an appliance to
be found in almost all well-equipped schools. It is often employed
in connection with the subject we are now considering, but its use
is decidedly wrong if the pi exhibited take the place of natural
objeots or illustrate scenes such as may be observed within a reason-
able distance of the school.

However, the remarks, made above concerning the use of good
pictures apply, of course, to the use of suitable lantern slides. Beauti-
ful photographs illustrating all kinds of natural scenes and phenomens
are to be obtamed in this form, and the use of the lantern has the
distinot advantage that a number of pictures, magnified to suit the
size of the school or class, can be exhibited in succession on the screen.

And here we must note the close relationship existing bet;
nature study and geography, the latter being rea.]ly a branoh of
the former, so that the rules laid down with regard to the illustra-
tmnofmtumleuonsshouldheobsemduoloﬂelyupomhle in
the study of geography. Direot obmvstlon, carried on a8 far as

may be in the open air, will duce the most beneficial
nnlhonthemmdaofthoohlldm mdthumybelupplomud
by the use of good pi tographs from Nature,

exhibited either with or without thendofthehntam.

The lantern may be made to serve yet another purpose in
oonnection with nature lessons. It not infrequently happens that
several diagrams are required for the purpose of aiding the teacher
in his directions and explanations during a single leeson. In this
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caso the necessary drawings may be made on small pieces of glass,
instead of on the blackboard, and then projected on the screen as
required. And it does not appear to be generally known that the
clasaroom need not be darkened for this purpose. If, instead of
throwing the light or an opaque screen with the lantern at the back
of the class, we have the lantern behind a translucent screen con-
sisting of a sheet of tracing paper or tracing cloth, or even of asheet
of ordinary drawing paper that has been rendered translucent by
painting it over with melted paraffin, and project the picture
through it from behind, the light of the room need not be reduced
any more than it is
by letting down the or-
dinary window-blinds ;

- e e am o and thus the teacher
-— e e e = - can make use of his

diagrams while the
__—-- children are still ob-
- s am e s o

serving the natural
objectorobjects placed
before them.

With such an ar-
rangement in a rather
small classroom it will
not be possible to
FIG 1.~DIGRAM sHOWING How TaB OrmcaL throw a large disc on

LANTERN MAY BB USED WITHOUT DARKENING the screen ; but thcn.

THE ROOM. .

L, Lantern; 8, Bcreen. in such a room a

large disc is not at all

necessary. The diagramsneod not be any larger than the black-

board sketches for which they stand as substitutes, and thus a
disc of about two feet in diameter will be ample.

What a stimulus, too, to the child to ge them to
study and sketch natural objects at their own leisure, and then to
allow them to project their drawings on the screen and to tell their
mates of their discoveries and experiences! Give each child who
uusires it a little square of glass, with the few necessary instructions
and, when the drawings have been brought in, note the delight
with which the children exhibit their handiwork and explain what
they saw, and the intense, stimulating interest displayed by the
others as they observe what their classmates have discovered and
sccomplished.

KV
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An oocasional half-hour spent in this way will do wonders in
encouraging keen observation and in promoting accurate repre-
sentation ; and not only will the success of the experiment fre.
quently come a8 a great surprise to the teacher himself, but he will
sometimes find that the rosearches of his children include some little
matters of structure or habit that he himself had not previously
noticed, or give rise to some little thought or opinion which he
himself can appreciate.

There are certainly a few little difficulties in the preparation of
the simple lantern slidos we have mentioned, and a few little knacks
to be observed ; but the latter will be quickly overcome if attention
be paid to the hints given on page 284.

Before quitting the subject of the uses of the lantern in nature
study we would like to give one other illustration. Let us suppose
that the children have received a more or less systematio training
in nature observations as they passed through the junior classes, and
that the course included, among other things, the study of various
common plants and animals. As these children reach the higher
forms they are in & position, from the knowledge gained, to arrange
the various objects they have seen into natural groups—to plan out,
with the aid of the teacher, an elementary system of classification.
In such a case it would be well to recall the various observations
made in the past by means of pictures thrown on the screen, thus
aiding them in the useful exercise of classifying and grouping.

Returning again, for & moment, to the ordinary nature lesson
of the school curriculum, we desire to say a fow words concerning
blaokboard notea and recapitulati

As regards the former, it should be definitely decided whether
the notes are intended for the aid of the teacher himself, or for the
observation of the children. If they are intended to be a guide to
the teacher, and to consist of the headings and main points of the
lesson, they are entirely out of place. In this case they should not be
necessary, for the teacher should have so carefully planned his work
a8 to require no such aid. And again, they distract the attention
of the children from the object they should be closely examining,
especially if they are written before the class and during the
losson.

If, on the other hand, the blackboard notes are intended for the
sole use of the children, it is still difficult to see their valus or of what
they should consist. It may be said that all hard and unfamiliar
words used should be written on the board. Not so, Hard and
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unfamiliar words should not find & place in & nature lesson. The
desoriptions and other statements are given by the children, in
their own simple language, and technical terms should never be
substituted by the teacher for the corresponding names or phrases
of the ohild. Questions which turn upon words rather than upon
things should elways be carefully avoided. It does not matter much
what & child calls any particular thing or part, providing the name
given is fairly appropriate. Our aim is to get the children prac-
tioally moquainted with things, not names, Many a child has
developed a great distaste for such a study as botany because the
work set him was to learn the names of the parts of flowers and to
learn to give descriptions in the technical expressions of certain
text-books. The effect would have been very different had he been
taught to look upon flowers as living things with beautiful forms,
lovely colours, and interesting habits,

It is usual to set apart a portion of the time allotted to a lesson
for purposes of itulation, and this practioe is often so rigidly
oblerved that the notes demanded from young teachers are regarded
a8 incomplete unless some provision for recapitulation has been
arranged. This is quite unnecessary, and even inadvisable as far
as our present subject is concerned.

Ordinary lessons of information require more or less repetition,
The teacher’s chief aim in such lessons is to impart to the children
some of the knowledge he himself p and a recapitulati
serves to drive home the facts that have been given. But, as we
have already pointed out, the purpose of nature study is not to give
information on natural objects and pk but to g
careful observation and independent thought. Our aim is, or
should be, to assist the children in making discoveries for themselves,
and it is for this reason that we are careful to tell them nothing
which they can be made to find out for themselves. Let the whole of
the lesson be spent in these observations and discoveries, and you
will find that the children do not readily forget what they have found
out by their own efforts.

Bhould the teacher desire to ascertain how the minds of the
children are working, he can do so by means of suitable questioning

a8 the study prooeeds; in fact, such questioning should form an
important part of the lesson. And here we may note how closely
mmmdywm!nmhﬁththwhingof&glﬁh fornot
ouly do the descriptions and thoughts of the child p
in their own words, form valuabl ises in oral composition, but
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nature utmfy provides a wonderful wealth of material for the
children's essays.

Nature reading books are sometimes used as s substitute for
nature lessons.  This is undoubtedly a very great mistake, for while
there is no reason why descriptions of natural objects should not be
read as much as descriptions of anything else for the general purposes
of the reading lesson, it must be noted that the aims of the reading
lesson are quite foreign to those of nature study. Considered apart
from the mere mechanical funotions of the reading, the matter
of the lesson simply tells the children what they may see, or what
somebody has previously seen, while in the nature lesson they see
for themselves ; and the former explains those problems which, in
the latter, are worked out in the minds of the children,

If & nature reading lesson is accompanied by the observation of
the natural object which it describes, and if time is allowed both for
the examination of this object and for questions and remarks on
the part of teacher and children, it will atill constitute a very feeble
substitute for the real nature study lesson, for it will still possees
the defects we have just mentioned.

Where nature study forms part of theschool curriculum, however,
it will be well to encourage the children to read, in their own time, any
good books of travel, and the popular works of eminent naturalista ;
and such books may also be used to advantage in the ordinary
mndmghuonuof the school. Tha teacher, too, may do much to
moreue the general interest in Nature by telling of his own ex-

and di ie8, by imparting some of his book-lore, and
by giving occasional Nature stories and biographies, especially to
the junior classes.
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OUTDOOR WORK

Ur to the present we have been dealing more particularly with nature
lessons as given in the school building, but the most valuable part
of nature study is undoubtedly the outdoor work—the study of
things in their natural surroundings ; and advantage should be taken
of every available opportunity of ramblos in lane, field or wood ; or,
in the case of town schools that are too remote from wild Nature, in ,
any neighbouring parks and open spaces.

Such rambles may be frequently organised and personally con-
trolled by the teacher, but it is by no means necessary that such
should always be the case. In fact, the teacher should do all he
cen to encourage individual and independent observations, and
should allow a little time occasionally in school for chats on the
observations made by the children and for the asking and answering
of questions relating to them.

Every school ramble must be arranged with some definite object
in view, otherwise much valuable time may be lost in aimless
wanderings and disconnected observations. Although we lay this
down as a fixed rule, we do not, of course, wish it to be understood
that objects of interest which lie outside the range of the proposed
work are to be ignored. While we have determined on a particular
series of observations, all related to some definite portion of our
subjéot matter, we must be careful that we do not suppress the
individual enthusiasm of the children; but, at the same time, we
must be equally careful that the object of the ramble is properly
oarried out.

Thus, if we go out, on & certain day in spring, for the express
purpose of studying the bursting of the buds and the folding and
unfolding of the young leaves, we ramble from tree to tree in the
course of our work ; but as we pads from point to point in our journey,
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neither teacher nor child will close his eyes to the many interesting
objects that thrust themselves on their view. During thess inter-
vals we note the early spring flowers—how and where they grow,
observe the first butterfly of the season as it flies across our path,
watch the queen humble-bee as she searches out a suitable spot for
het nest after & long winter's sleep, and pause to look at the little
lizard as it basks in the warm rays of the sun. So, at the end of
the ramble we shall have carried out our objeot as regards the
bursting buds, and also learnt much concerning other interesting

things,

Each child should be provided with a noté-book and pencil for
the purpose of recording what is seen. Even the youngest of the
children should be encouraged to do this, and although the result
may be very disappointing to the teacher, he must be satisfied, for
the present, that an attempt has been made, and that every such
attempt must have some effect in forming the habits of the child.

The nature of the entries will vary according to the age and
capabilities of the class. Encourage all children to make & sketch
of at least those objects which have been specially selected for
the observation of the day, and see that all entries are made under
their proper dates, so that they may be transferred, in the case of the
senior classes, to a well-kept nature diary. The systematic entry
of observations made is & matter of such importance in the training
of the child, and is likely to be of such great value and interest in
years to come, that we think it necessary to devote a short chapter
(XXI.) exclusively to the ideration of the in which
note-books and diaries should be kept.

In addition to note-book and pencil, each child should be
provided with & box in which to take home those objects that are
required for a more detailed examination than could be given
during the ion, and any speci that are to be preserved
for future study, The children of senior classes will require a
pocket-knife. A few small trowels may also be necessary for the
collection of roots that are required for the school garden ; and a
magnifying gless and & compass will be of great value in many
cases,

We have just referred to the collecting of material during the
progress of the nature study ramble, but it must be remembered
that the object of the ramble ia not the colleation of specimens for
the:illustration of the lessons to be given in the school, but rather
the close observation and study of natural objects in their natural
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surroundings ; and we must be careful that the children do not
develop into mere collectors, but rather into keen observers.

It is true, as we have already hinted, that it is often advisable
to take home specimens for a more detailed study than could be
given in the field, and we shall often meet with things of an im-
perishable nature that are of such interest that they may with
advantage be given a permanent place in the reference museum of
the school.

Further, we shall find many living objects, both of the animal
and the vegetable worlds, the growth and life-histories of which are
of great interest, and provide favourable opportunities for series
of continuous observations and records. Thus, the roots of wild
flowers may be transferred, in their earlier atages, to the school
garden, in order that the future development of the plants, their
flowers and their fruits, may be observed day by day; the fruits
and soeds of trees and herbs may be secured for the same purpose ;
and the fronds of ferns may be collected for the spores, in order that
the cultivation of the ferns and the observation of their interesting
life-histories may be closely and continuously observed in the class-
room. Also, to give a few similar illustrations on the animal side,
a caterpillar, together with a spng of m food- plant, ma.y be talmn
for the purpose of studying the i ohoses th
which the creature passes to its perfect state as & bumtﬂy ora
moth ; various small animals of a suitable nature may be secured
for the observation of their habits in the sohool vivarium ; and many
species of aquatio animals may be collected for the school aquarium,
m which they can, a8 & rule, be far more easily observed than in
the natural pond.

If such material as the above is to be collected during the school
ramble, the teacher should see that he or the children are previously
provided with suitable dation for the speci that are
required. For plants and flowers & moderately large tin box, con-
taining & little damp moss, will answer all purposes. For dry
material, such as seeds, fruits of a non-succulent nature, fern fronds
required for their spores only,.and various objeots of the mineral
world, any kind of box, or even strong paper bags, will suffioe ; though
it frequently happens that s special box with a loose packing of
ootton-wool for delicate objeots is extremely useful. Small living
animals are conveniently transmitted in wooden or tin boxes in
which a few holes for air have been made with an awl; but if &
tin box is to be usod for the conveyance of active little animals, the
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holes should be made by pushing the awl outwards from within, so
that there are no rough edges of metal projecting inwards to the
injury of the ocoupants.

We do not recommend the preservation of animal and vegetable
specimens for school nature study. OQur object should be to create
an interest in living Nature by the observation of living things and
their ever-changing aspeots, and for this purpose we do not require
the aid of preserved specimens. Dried plants and flowers are so
unlike the original objects which they represent, that, although they
may be of some use for certain scientific purposes, they should
hardly be needed in a achool for the young. Similarly, preserved
animals are of no value in connection with our work. Nature is
always interesting because she is ever changing. Illustrate a
nature lesson by means of preserved specimens and its interest
is usually as dead as the illustrations.

‘We have often seen classes at work on nature study, both within
the school building and out of doors, and have noted that, in
almost every inst: the subjects studied belong almost exclusively
to the vegetable world. '.[’hm, we think, is a great mistake ; for, in
addition to marvels of structure and devel to both
animal and vegetable beings, the former posseu the additional
feature of the power of m¢ t and the interesting habits resulting
therefrom. And there seems to be no reason why the observations
should be confined to living beings only. The characteristics of the
various rocks, and the soils derived from them, are worthy of some
attention ; also the movements and varying conditions of the
atmosphere ; and the face of the sky, with the movements, apparent
and real, of the different heavenly bodies,

It is in the study of these latter objects and features that
we realise the very close relationship between nature study and
geography, the one merging into the other without any line of
demarcation.

'l’hasmdyolphnthfeinhudlyoomplete,mnmiumost
elementary stages, without some app of the relati

iating bet the character of the jon of the districts
traversed and the nature of the soil. MAnyphnhmlopuml
toonopnttwulnkmdohoxlthstwemyofm note & marked
change in the nature of the vegetation as, in our ramble, we pass
from ome kind of soil to another. As a single instance we
may note how the beautiful foxglove, often so abundant on
clay or gravelly soils, suddenly practically ceases to make its
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appearance a8 wo stroll from these soils on to a chalky or lime-
stone distriet.

Children have often to walk some little distance in order to reach
the locality in which their studies are supposed to commence, and
to wander still further while their observations are in progress. In
such cases they should be taught to observe the nature of the ground
covered—the various slopes and aspects, the principal features of
the vegetation in different districts, and the characters of the soils
on which they tread.

On passing & quarry or a railway-cutting they should be en-
couraged to observe the underlying rock from which the soil has
been in part derived, and compare the former with the latter. They
should note those localities in which the soil bears no relation to
the rock beneath it, and thus be led to inquire into the origin and
mode of formation of vegetable soils, and into the various ways in
which certain soils are transported from one place to aunother by
the action of water and other denuding agencies.

As soon a8 the children are sufficiently advanced, let them
sketch a simple plan of the route taken, and enter on this, on both
sides of the route, the general characters of the adjoining ground—
the positions of hill, valley and stream, of field, wood and moorland.
Encourage them also to mark, as accurately as possible, the spots
where the principal objects of interest have been seen, and to enter
any observed changes in the nature of the soil.

The elder scholars, after having become more or less expert in
the preparation of rough plans as indicated above, may be taught
the use of the pocket compass, and also simple methods of measuring
approximately the ground traversed. Thus they become initiated
into the art of map-making. Also, they should be encouraged to
find their way about the neighbouring country with the aid of &
compass and the ordnance map of the district.

Very interesting observations may be made during a ramble
along the banks of & river or small stream. The moist banks
are the special habitats of certain water-loving wild flowers, shrubs
and trees; and in the stream itself we find several species of aquatio
plants with a struoture peculiarly adapted to their watery home.

In such a ramble attention should be called to the varying
velocity of the stream at different points, and the relation which
the velocity bears to the gradient of the bed and to the transverse
sectional area of the stream should be worked out. Further, the
different kinds of material formirg the bed of the stream should be
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ohserved—the stony character where the stream is rapid, the sandy
bed where the current is not quite so swift, and the muddy bottom
of the siuggish parts. Thus the processes by which the stream
tends to reduce the level of higher ground, and to fill up the hollows,
may be worked out. All the important features and functions of &
mighty river may be observed, on a small scale, by the study of an
insignificant rivulet.

Much valuable study may also be done, in the case of the schools
of seaside towns and villages, during a ramble along the coast. Here
we may observe the rosult of the denuding action of the sea, and
watch the waves as they do their work ; while the bare cliffs give
us ample opportunities of studying the rocks of the district.

The sea cliffs, too, have their own special vegetation, as have
also the salt marshes that are to be found on low parts of the coast.
Some interesting flowering plants grow only near the sea, while
others, that are common inland, become much altered in growth
and habit when they find a home on the cliffs.

On the beach itself the children may observe some of the results
of the mechanical action of the waves in the rounded outline of the
lower rocks, the pebbles, and the particles of sand. Here, too, the
movements of the tides should be noted ; and the times of ebb and
flow, as well as the limits of the advance and retreat of the water on
different days, entered in note-books for future reference. Side by
side with these entries the condition of the moon at the same time
should be noted. Thus the children are led to see that the hour of
high tide and the amount of advance and retreat of the water are
always the same for the same condition of the moon. So they are
led to look upon the moon as the prime agent in the production of
the tides, and are put in a better position to understand the theory
of these movements when they are old enough to grasp it.

Marine life provides a wonderful atore of material for nature
study. Let the children observe the general features of sea-weeds
~their varying forms and colours, their modg of growth, the absence
of flowers, roots and true lcaves, In the case of those larger species
that are provided with air-bladders, let the children observe the
plants as they hang over the rocks at low tide, and again their
position when submerged. They will then be able to see the function
of the bladders in supporting the plants in such s manner that
they reoeive & maximum of light and a free suppiy of dissolved air,
and thus they become acquainted with yet anotber example of
adaptation of structure to habit and habitat.
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At low tide they may examine the various forms of animal life—
molluscs, crustaceans, worms, jelly-fishes, sponges, eto.—that live
attached to the rocks; the various ereatures—orabs, amall fishes,
eto.,—that conoceal themselves beneath stones and weeds while they
wait for the return of the water ; and the many active animals that
people the rock-pools.

Here they will have the opportunity of observing many examples
of animals that are protected by hard external coverings; many
also that are provided with ample means of defence and offence ; and
quite & number which are protected from their enemies, or enabled to
lie concealed in wait for their prey, by a remarkable resemblance to
their environment. Equally interesting and instructive are the
varied organs of motion and I th d by the creat
of the sea—the fins of the fishes, the jolnted legs of orabs, shrimps
and prawns, the gliding ‘ foot’ of the winkle and the whelk, and
the swaying tentacles of marine worms and anemones.

Even on those less productive shores where there are but few
rocks to afford attachment to weeds and give shelter to animal life,
much may be gained by a careful examination of the line of debris
washed up by the waves to form the high-water mark, and this is
more particularly the case just after a storm. Many forms of both
animal and vegetable life that live and grow only in places that are
perpetually covered with water are detached and thrown on the
beach by the waves; and thus much may be learnt of marine life
during a stroll along the line of material which marks the limit
of the flood of the recent tides.

If poasible, a little time should be set apart occasionally, say about
onoe or twice & week, for a general chat on the observations of both
teacher and children, made during the last few days. This will
greatly encourage the children to observe, and probably add much
pleuumtoﬂmrwork while, at the same time, the relating of their
experiences will give the teacher very favourable opportunities of
developing their power of expressing themselves in correct English.

Aguin, the teacher will often be able to make use of the children’s
observations out of school hours as & basis for definite nature lessons
in the school building. Su , for ple, it is proposed to give
:h-onmnomodomeaﬁomimd Moonldnotbaoonvenmtly
studicd within the schooiroom. Then, tell the class, a few days
previously, to watch the particular animal closely, whether it be
in the home, the field, ‘the stable, or in harnees, and to be prepared
to give a description of its structure and habits. It would be well
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in such an instance, for the teacher to give some definite instructions
a8 to the principal observations that should be made, e.g. :

1. The general form or build.

2. The character of the natural covering.

3. The limbs, especially in motion.

(a) The movable joints.

(b) The feet and their hoofs or claws.

(¢) How far the limbs resemble, and how far they differ from,
our own.

{d) How the animal moves about.

4. The head and neok.

5. The ears (compare with the human ear).

6. The eyes: where situated ; lids and lashes.

7. The moyth .—

(a) The lips.
(b) If posaible, the teeth.
(c) How the animal feeds. Its food.

8. In all matters enumerated above, how the animal is peculiarly

adapted to its habits and mode of life.

Then, when the time appointed for the lesson has arrived, the
teacher will receive from the class all the observations made and
the conclusions at which the children havearrived. He will not give
information himself, &8 a rule, but rather encourage the children to
observe again in matters where their observations have been imper-
fectly made. Nor will he offer explanations too freely, but cause
the children, with as little aid as possible, to work out for themselves
the little problems concerning the relation between structure and
habit.

Such a lesson ought to be quite as valuable as one in which
the object selected is examined in the presence of the teacher
himself.

We may cite an example of another object that may be dealt with
inmuch the same way—the obnoxious but interesting little house-fty.
This inseot is much more conveniently observed at home than in the
school. It should not be captured, but rather observed at liberty.
Encourage the children to note: .

1. The divisions of its body—the division of the body into
distinot segmenta.

2. The large eyes, little foelers (antennm), and the sucking organ
belonging to the first segment or head ; also the food required by
the fiy and the manner in which it feeds.
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3. The legs: where situated ; how the fly walks, amd its power
of walking on very smooth surfaces, even in an inverted position,

4. The number and nature of the wings, and the wonderful
power of flight.

In this instance the aid of the teacher's knowledge will be
necessary in explaining exactly how the fly feeds, and why it is
unable to devour food in the solid state ; also, how it is enabled to
walk on perfectly smooth surfaces. Diagrams or, better, photo-
graphs from Nature might be shown to demonstrate the wonderful
structure of the foot and the proboscis. The subject might also be
extended by rearing some flies (the common meat-fly or blow-fly is,
perhaps, best for the purpose) in a suitable cage (see page 244), in
order that the children may be able to trace the whole life-history
and metamorphoses.

There are many other nature subjects that lend themselves
particularly well to this mode of treatment, and they have the
distinct advantage that they greatly assist the teacher, in that they
give the children useful and interesting employment for their
leisure hours, and thus allow of more actual study than would be
the case if all observations were made under direct supervision.

In this chapter we have endea d to point out a little of the
work that may be done out of doors, but much more will suggest
itself to & teacher who is interested in his class, the nature of the
work varying according to the situation of the school.

Where nature study has formed part of the school curricutum,
and where the subject has been taken on the lines we have laid out,
there will be but little fear that the children will cease to interest
themselves in their surroundings as they get older and eventually
leave school. Often we find them organising themselves into little
societies or clubs for the express purpose of continuing the work
that has given them so much delight in the past, and it will be well
if the teacher does his best to foster this tendency by helping the
elder scholars and the old boys and girls to establish, organise and
maintain a field club or na.turd hutory society in which they can
oontinue the study d in their y Y.

It must not besupposed that this mode of treutment is exclusively
adapted to the study of animal life, for it is equally applicable to all
branches of Nature. The general study of our forest trees and
shrubs, the habitats of flowers, the goneml aspect of hedgerow, field
and waod, the study of at; 1 of the
moon, and the movements of the various hewenly bodies are all
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suitable employments for children under the guiding hand, though
not necessarily under the direct supervision, of the teacher.

In dealing with the above and other subjects it is hoped that the
teacher will derive many useful hints and much practical aid from
our future chapters treating with the school aquaria, vivaria,
terraria, garden, and various other appli for the conti
observation of living and other things either in the school or in the
playgrotnd.
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SPRING STUDIES
1. GENERAL REMARKS

SpriNg is the season of the re-awakening of Nature, and is there.
fore the best time for the commencement of & nature study course
in schools,

At the beginning of this season the ‘stocks’ of the hedgerow
plants, that have remained dormant throughout the winter,
produce their new leaves, of a fresh green colour; and these,
together with the tender seedlings that have grown from the self-
sown seeds of the previl and aut push their way
through the old withered herbage, rapidly hiding the latter from
view. Similar changes are taking place in pastures and waste
places, and the spring foliage is soon relieved by the appearance of
the early flowers, most of which develop rapidly from stores of food
that were laid up by their plants before the winter set in.

In the woods the winter buds begin to burst, some of them
exposing the young foliage leaves of the coming summer, and others
giving rise to flowers that either appear before the leaves of the same
tres, or expand in company with them; while beneath the trees
we soe the early spring flowers that must necessarily bloom before
the folisge above is sufficiently dense to shut out the sun, and the
multitudes of baby forest trees shooting through the leafy soil in
the neighbourhood of their parents.

The animals that have been dormant throughout the long
winter are now called forth to new life by the warmth of the spring
sun; and others, which have spent the greater portion of the
cold season in sheltered holes and corners, now resume s life of
sotivity. Birds are buaily engaged in building their nests and
tending to the wants of their nestlings, and the feathered friends
that left 08 for warmer climee at the fall of the year now return
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and make preparations for th mmodation of their offspring. In
the fields the lambs are skipping ; the ponds and streams are being
rapidly restooked with new life; and the rock-pools between the
tide-marks on the seashore are being re-peopled with a variety
of curious animal forms. In the country, and even in town to a
certain extent, human nature responds to this kening of life
and activity, and various pations that were ded by the
winter's frosts are now taken up with renewed vigour.

In the present chapter we shall call attention to the principal
objects and events of the spring season, dealing with different
departments of Nature in turn, and endeavouring to introduce
more particularly those subjects which are suitable for a school
nature study scheme,

2. Prant Lirx
(a) The Winler Condition of Trees and Shrubs

During late winter and early spring we should make a special
study of the winter cundition of the common forest trees and
hedgerow shrubs, while they are still in their dormant winter
condition,

As long as the air and the soil are still cold, the roots are inactive.
In fact, cell-activity is practically suspended in all parts of the tree
or shrub, and the circulation of the sap and all the functions that
result therefrom are interrupted.

The trees being bare, we have now our most favourable oppor-
tunities of studying the various modes of branching—the peouharities
in the disposition of the branches and twigs by which we are able
to recognise the different species in the absence of their leaves
and flowers. Wo stand at such a distance from esch tree that
we can readily command the whole, and endeavour to fix in our
mind the general features above referred to; and, passing from
one species to another, we note carefully any points of resemblance
as well as of contrast.

Those who are not well acqusinted with trees and shrubs in
all their different phases will often fail to fix the identity of certain
trees in their winter condition, even though the same species can
be recognised with ease when in flower or in leaf. Inml\unl
congiderable help may bs obtained by ref to photographs
or other accurate representations of the trees in question; but,
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failing this, those species which present a difficulty should be
watched at intervals as the season advances. This Iatter method
is undoubtedly far preferable to the use of pictures, for it enables
us to trace the trees through those interesting stages which mark

FIG. 3~BOLB OF THE OAK,

the return to active life, while our observations are rewarded by
the pleasure and satisfaction that we must all feel when a revelation
is made—when the thing previously unknown reveals itself as an
ol and familiar friend.

After obgerving a tree at a distance, approach it with the object
of learning the nature of its bark and the charscter of its buds.
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The former ists of & proteoti ing of cork, 4

of dead cells—ocells which ongmally oonta.med sap, but now:only
air. A new layer of cork is formed each year, and this is sometimes
added to the accumulation of outer bark produced in previous

years, so that, in an old tree, the protective covering 18 very thick.

Fra. l-—nom OF THE BIRCH

a rule, too, & ‘tlnok bark is very rugged, being divided into
tohes that ara'sep by deep, i furroys, as in the

) of the oak and the elm. Thmmduetobhehc“h&tthebnk,
 dead, has o power to produce new growth to socommodate

Fto thet g trunk and branches, and is theref
“1e outward thrust. Some trees, on the othnr hand, like the
and the plane, are almost continually shedding the older
outer layer, which peels off while & new layer is being
and thus the bark of these trees is seldom very thick




16 4.—TREES IN WINTER OB EARLY EPRING,
1. Hasel, with catkina, 3. Ash,
& Oak, 4 with remaing of the last
mﬂm‘llﬂﬂﬁ



1. 5.—~TREES IV WINTER OR BARLY SPRiv,
5. Birch, with catkins, 8. Poplar,
7. Boech,

8. Alder, with catking, and the ad tratt
¢ cones* of the previous season,
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The study of the so-called *winter buds,’ whlch are really
formed during the precedi is both i ing and
important. Not only may a.ll our forest trees be readily recognised
by the form and colour of the buds, but it should be observed how
the arrang t and development of these buds determine the
general form and mode of branching of the tree.

A bud, it must be remembered, is a young branch. In several
troes, including the becch, poplar, willow, and lime, there is a single
terminal bud at the tip of each twig, and also lateral buds along
the twig, arranged either altornately or in pairs. Imagine these
buds to have developed into branches, and these branches in turn
to have produced similarly-arranged buds and branches, and so
on for several seasons in succession, and you have a picture of the
treo as far as the general arrangement of its branches is concerned,
but this picture may be more or less modified by the destruction or
imperfect development of some of the buds, and by the direction
in which the twigs grow. The singlo terminal bud at the tip of
each twig continues, by its growth, the general direction of that
twig ; and each lateral bud produces a twig resembling the branch
from which it grow.

Compare the above condition of things with that which obtains
in the case of the oak. Here, at the tip of each twig, there is a
cluster of from two to five or six buds, one or more of which are
often much more strongly developed than the others. If only
one of these buds develops in the spring, the twig formed is seldom
in a straight line with the one that gave rise to it; and if two
or more grow, they produce new twigs diverging from one another.
Thus, by studying the distribution of the buds on the oak tree, we,
are enabled to explain the crooked and gnarled appearance of
the old kings of the forest.

We may take yet another example—that of the sycamore.
On the twigs of this tree we note that the terminal buds are fre-
quently in pairs, while the lateral ones are also in opposite pairs.
With such an arrangement of terminal buds it is, of course, impossible
for the new twigs to continue the direction of the older ones ; for
if both develop a fork is formed. Also, the two lateral buds of
each pair will give rise to two branches diverging from the parent
thg Here, then, we have an exphmhon of the rather crooked

hes of the sy , the frequent forking, and the common
threefold divergence of the same. The ssh also has its lateral
buds opposite, but each twig has usually a single terminal bud,
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Chlldren should be taught to observe the above and other

tio feat of our forest trees in winter, and

the teacher should encourage and help them to think out the

various problems connected with their growth—how it is that

some trees have a thin, smooth bark while others are provided

with a thick, rugged covering; and how the tree came to be of
its present form ag regards the arrangement of its branched,

(b) The Bursting of the Buds

The best time to study the buds of trees is the period immedi-
ately preceding the t of the expansi This period
will, of course, vary considerably as regards the different species,
80 that the whole study will extend throughout, perhaps, the whole
of March and April

Lot the children observe the times of the appearance of the
first leaves of different trees, and enter these times in their nature
diaries, Continuing this, year after year, they will see not only
that trees of the same species will be earlier or later, in the same
season, according to the situation of the individual trees and the
soil in which they grow, but also that the season itself varies in
diﬁerent years, sometimes calling forth the young leaves very early,

ti their app to & much later date.
They will also loarn that somo species are generally earlier than
others, and that the order of the bursting of the bud, as regards
different species, is not always the same. All these variations are

both interesting and i tive, especially as they lead to the
consideration of temperature and atmospheric conditions, and
help the children to better understand the ci t most

favourable to vegetable growth.

Buds should be examined in their winter or dormant condition
previous to the observation of the opening and the expansion of .
the leaves; and particular attention should be called to the
impervious character of the scale-leaves that surround and com-
pletely inclose the delicate structures within, and which prevent
loes of moisture by evaporation at a time when the tree is deriving
ubut little water from the soil.

" Bome large buds, such as those of the horse-ohestnut, may be
b longitudinally with a sharp knife in order to show the parts of

future branch—stem, leaves and flowers—in sifw; and trans-
jverse sections are equally instructive, and are especially useful
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n showing the manner i which the young leaves are folded within
the bud.

The tion of such sect as well as the observations
of the opening of the buds, will show that some are destmed to

| il B A
¥16 6 —BUDS OF THE HORSE OHESTNUT OPENING ON A OUT
TWIG STANDING IN WATER

produce branches that bear fohage leaves only; that others are to
gwve mso only to floral branches; and that some are to develop
mto branches bearing both fohage and floral leaves,

If the observations of opening buds are made only out of doors
1t 18 posatble that some very mteresting stages may be missed on
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account of breaks that ocour t h unf ble weather and
other ciroumstances; but a good ma.ny buds of forest trees and
shrubs open very readily if the twigs bearing them are placed in
o veasel of water in the schoolroom, and these give very favourable
opportunities for a continued series of observations and for the
drawing of series of sketches.

We have already referred to the dissection of buds with the
object of studying the manner in which the leaves are folded within ;
but this folding can be seen remarkably well in most buds just as
they begin to expose the leaves, and may, therefore, be studied
from the spocimens kept in water. Yet it will be wise to extend
these observations out of doors when this can be conveniently done,
not only because we may thus have the opportunity of seeing &
greater variety, but also because the expansion of the buds may
be observed to later stages and under more natural conditions
than would be the case with indoor specimens.

Particular attention should be called to the folding of the
young leaves as they make their first appearance, the method of
folding being, of course, the same as that which obtained while the
leaves were entirely enclosed within the bud, and revealed at this
carlier stage by transverse sections only. It must be observed,
too, that most leaves retain their folds for a period after they have
freed themselves from the cover of the protecting scale-leaves
that formerly enclosed them, this being & matter of considerable
importance ; for, since the epidermis of the tender leaves is as yet
very thin, and readily permeable to water, the sap within would
rapidly pass out .and evaporate, especially when the air is dry,
thus causing the young leaves to shrivel and die. The retention
of the folds, h ) P ts & free exp to air , and
consequently retards loss by evaporation.

Again, it will be observed that many young leaves are further
protected from the drying influence of air ourrents by & covering
of downy or silky hairs. Note, for example, the young leaves of the
horse-chestnut and the beech. The leaf of this latter tree is
characterised by strongly marked parallel veins branching off from
the midrib on either side; and, when very young, it is folded in
such a manner that the only parts exposed are these veins and the
margin, But there is a line of silky hairs on each vein and on the
margin, so that the folded leaf is completely surrounded by a hairy
covering. As the leaf grows and expands, the lines of hairs are
separated and the leaf becomes more exposed ; but the epidermis
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Jime trees and covering the ground beneath during April, to inquire,
What is this falling? Where docs it come from? Where did
it grow ?  What was its use? Why is it now shed ?

The trees and hedgerows in spring afford abundant opportunities
of studying an enormous variety of opening buds and the interest-
ing phenomena associated with their expansion, but it is hoped
that the few instances
quoted will be sufficient
to show the teacher
something of the na-
ture of the work that
may be accomplished.

During the winter
months, long before
even the earliest of
the buds begin to
burst out of doors,
very interesting and
instructive  observa-
tions may be made on
growing bulbs, such
a8 those of daffodils,
bluebells, tulips,
onions, etc. ; and after-
wards, or even at the
same time, while the
structure of the buds
of various trees and
Flo. 0.—TWio OF TIE LIm IN BPRiNG, ssowmng  Plants is being studied,

THE DECIDUOUS, SCALY STIPULES. comparisons should be

made with the object

of showing that a bulb is really & bud. Longitudinal sections

of bulbs should be exhibited side by side with similar sections of

the buds of a tree, such as the horse-chestnut; and it should be

shown that the former are buds with thick, fleshy leaves, all

attached to a mass of hard substance beneath which is really a
shortened stem.

These bulbs should be grown under varying circumstances in
order that the children may become acquainted with the conditions
necessary for healthy development. The following notes give an
outline of some of the more instructive experimenta :
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1. Bulb grown in a good soil and under favourable conditions
as regards warmth, light and moisture. The plant commences
to grow at the expense of food material stored in the thick, fleshy
leaves. Roots are soon formed, and these absorb water and
dissolved mineral food from the soxL The Iea.ves appear, absorb
carbonic acid gas from the at; facture new
material from the elements of the food obt:uned from both air and
soil, thus assisting the growth of the plant. The plant then reaches
its flowering stage, and the flowers give rise to fruit and seed.
After the flowering and fruiting stages
are over, the leaves continue to
manufacture mineral food, which is
stored in the bulb, or used in the
formation of new bulbs, thus pro-
viding for a new plant or plants in
the following season.

2. Bulb in good soil, with the
same amount of heat and light,
but no moisture.

3. Bulb grown in the same soil,
with sufficiont moisture and warmth,
but kept in the dark. The un-
healthy, straggling, white plant pro-
duced will clearly demonstrate the
necessity of light for this kind of
vegetable growth,

4. Bulb grown in the same soil,
with light and moisture, but kept
in a cool, exposed situation. The
result—a much slower growth—will show how heat affects the
development of the plant.

5. Bulb grown in water only (or in wet sand, sawdust,
or fibre). The plant flourishes to the flowering stage, but not
sufficient food is obtained to produce strong bulbs for the
following season.

6. Bulb grown in water (or wet sand, sawdust, or fibre), and
supplied with a proper amount of mineral food or *fertiliser.’
(Sos page 44.) A strong plant produced, and sufficient food
stored up in the bulb {or new bulbs) for new plants in the tollowmg
lprmg—-the result a8 good as when the same kind of bulb is grown
in a good soil.

FIG. 10.—SEQTION OF AN ONION,
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and then distribute them among the children for examination.
After the exterior has been observed, cause the skin to be removed,
and direct attention to the young root, the bud, the seed-leaves
or cotyledons, and to special food stores extraneous to these
parts, if such exist. It should be made clear that the seed is
really an embryo plant, awaiting favourable conditions for its
development.

Having observed the general structure of the seeds, a moderate
number should be sown under varying conditions, the growth of
the young plants carefully watched, and records kept. The children
should take the active part in all this, They will sow the seeds, tend
the young plants, keep written records of the growth, and make
dated sketches of the natural size, under the guidance of the
teacher.

It will be necessary to have a number of seedlings that may be
removed from their bed at intervals for the examination of the
roots. These may be grown in wet sawdust, from which they can
be readily removed without injury.

In cases where the earlier stages only are required, plain water
only is necessary ; but if the plants are to reach a mature stage,
the seeds- must be grown in a good soil, or watered with & nutrient
fluid such as that given below.

It is important that the children bocome practically inted
with the conditions essential to the healthy development of 8 pla.nt
and to this end it is necessary to give the seeds and seedlings various
modes of treatment. In this connection the following hints may
be of some service :—

1. Count the seeds sown in some instances, in order to ascertain
the proportion that grow.

2. Sow some in sawdust, sand, or soil, and keep them quite dry,
to demonstrate the necessity of water.

3. Sow others in sawdust or sand, and keep them moist with pure
water only.

- 4, leseedsoftheaamehndmummﬂarbed,butwsmthem
thh & nutritive solution made as follows :—

Common salt (sodium chloride) . . . . 1 part.

Nitre or saltpetre (potassium nitrate) . . 2 parts.
Calcmmaulphnte..........lpart.
Calcium phosphate . . . . . 1 part
Epeom salts (magnesium sulphaw) 1 part.

Dissolve about & quarter of an ounce of the above mixture in a
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gallon of water, and add one or two drops of & weak solution of iron
perchloride.

5. Sow some in a good soil, and give them the normal treatment
{or planta in general,

6. Sow seeds in a good soil, or in sand or sawdust kept moist
with the nutritive solution, but keep them always in & dark box or
oupboard.

Perform the above experiments with seeds of the same species,.
and let the children enter the date in their nature diaries, and make
complete records of the results as recommended above.

In the case of experiments 4 and 5, if the seeds selected are
those of a forest tree or of some other perennial plant, the growth
and the observations thereof may be continued season after season
for years in succession ; and very great interest will be aroused by
the re-awakening, each spring, of the tree that was dormant and
apparently dead during the preceding winter. If you would have
your children interested in the nature and growth of forest trees,
probably nothing will secure that end better than the formation of
8 little nurscry in which trees are reared from seeds that have been
gathered, planted and tended by the children themselves.

The results of experiment 6 should be very carefully compared
with those of 4 or 5, the seeds being of the same species, and =
treated in exactly the same manner except as regards light, Here the
children should not only make comparisons of the general characters
of the seedlings produced, but also make measurements of the
plants at regular intervals, and compare the average growth of the
plants in one set with that of the plants in the other.

If suitable balances and weights are available, they may also
take the average weight of the seedlings in the two sets at corre-
sponding intervals, with the object of noting the amount of solid
matter built up; in which case the plants must, of course, be
thoroughly dried in a slow oven previous to the weighing.

We have already reforred to the seed as a plant in embryo,
containing the parts of the future plant distinctly visible though, as
yet, imperfectly formed. In this respect the seed of a flowering
plant differs from the spores which give rise to ferns, mosses and
other flowerless vegetation. These latter are very minute cells that
contain not the slightest trace of the structure of the plant which
produced them; but the plants are often easily reared from the
Nlls,mdthexrhfe- tories are particularly interesting. A method

of propagating ferns from the spores will e found on page 144,
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() Spring Wild Flowers

The study of the spring wild flowers will, of course, form a most
interesting part of the work of this season, but we must be careful
.here not to adopt the practice, far too common, of confining our

F16. 11.—~THE WOOD ANEMONE~ SLIGHTLY REDUCED,

attention to observations of the form and colour of cut or gathered
flowers.

Flowers are certainly very beautiful, and present a marvellous
variety of form and colour, and we should by all means make use of

them in the cultivation of an estheti iation of all that is
beautiful ; but we need not tmuble Lbout - those datm.ll uf st.ructnu
bymeamoiwhmhthe,‘ ist distil

genera and species, A flower may have four sepals or five, its
petals may be united or distinct, ite stamens below the pistil or
above it, and the pistil superior or inferior. The observation of
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these features will arouse but little interost, and, if the observance
of them is accompanied by the use of the technical terms with which
botanists are so familiar, the effect will probably be to make the
flower-study a distasteful drudgery. Rather deal with plants as
living things with wonderful habits and marvellous life-histories,
Let our quostions be: Where does it live? How does it grow ?

FI1G. 12.—~THE LESSER CELANDINE—ABOUT HALY NAT, SIE,

Why does it climb? How does it climb ? How is it protected ?
What is the advantage of this or that particular form, colour, or
habit ? ete. It is far better to the contil thoughtful
observation of the commonest weed in neglected oorner rof a
garden or on a wayside bank, than to make a study of the most
conspicuous flower apart from its accompanying growth and its
uatural surroundings.

It follows, from what has been said, that the study of flowers
should be conducted, as far as possible, out of doors. The
note-book should now be in constant use for the purpose of
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ok

FIG. 16.~THE DOG'S MERCURY—HALP NAT SIZE

to bloom before the
former season is at an
end; and for this
reason we give illus-
trations of a few of
them, for purposes of
recognition, in Chap-
ter VII, dealing with
winter studies.

With the advent of
spring we renew our
acquaintance with the
wood anemone, lesser
celandine, violet, colt’s-
foot, primrose, daffodul,
the yew blossom, and
the annual meadow
grass. Inthe case of
the colt’s-foot special
attention should be
drawn to the fact
that the flowers appear
before the leaves ; and
the exact position of
the clusters of flower-
heads should be noted
80 that, in the follow-
ing month, a second
visit may be made to
the spot in order to
soe the globular, hairy
‘ clocks,” and also the
leaves, which are now
commencing to cover
a large patoh of
ground.

During April quite
& large number of com-
mon flowers will make

FIG, 17.—~THE ELM IN FLOWER—BALP NAT. SIZB,

their app , and

P

the note-book and
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diary will be brought into constant use. Tho wayside is now
brightened by the garlic mustard or Jack-by-the-hedge, dove’s-
foot crane’s-bill, dandelion, white dead-nettle, ground ivy, and the
dog’s mercury. In meadows we find the common daisy, cowslip,
the pretty httlo ficld woodrush and tho fox-tail grass; and, on
banks, the early forget-me-not.

This same month is still further interesting as being tho period

#16. 18.—THE ALDER IN FLOWER—SLIGRTLY REDUCED,

during which a number of our common trees and shrubs are in
bloom. The willows, poplars, and alder are rendered conspicuous
by the appearance of their catkins while the leaves are still hidden
within their buds. The tops of the elms have a somewhat fluffy
appearance, due to their clusters of smali flowers, which are often
absent on the lower branches. The flowers of the ash form dack
purple clusters on the yet leafless branches. The oak, birch and
hornbeam display their drooping catkins among the developing
leaves which appear at the same time. The leafless sloe or
B2
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blackthorn is thickly covered with its pretty, white flowers; and
the yew still bears its little blossoms beneath its dark, marrow
leaves.

From April onward the succession of new wild flowers is 50 rapid

P16, 19.—THE ASH IN FLOWER—NAT, SEE.

that we forbear even to mention their names. The teacher who has
not spent some years in the study of the wild flowers and trees
will, of course, frequently meet with those which he cannot name ;
and during his school rambles he will often find some, even common
species, which he has not noticed previously. This need not dis-
courage him, for the object of school mature study is to become
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acquainted with things rather than with names, and it is possible for
one to know much of the mteresting habits of flowers without even
knowing what these flowers aro called. It 1s & pleasure, however,
to be acquainted with the
names of the natural objects
we meet with, and these may
be gradually acquired by fre-
quent reference to good books
in which the descriptions and
representations of the flowers
are given.

As the various flowermg
plants and trees progress, they
should be observed till they
reach their frmting stages,
m order that the nature of
the fruits and the modes of
dispersion of the seeds may be
studied. But few plants reach
this stage before the season 18
well advanced, and con-
sequently this portion of the
work will be continued into
the summer and autumn, and
will be considered m 1ts proper
place. ' FIG 20 ~THE BUGLE—HALF NAT, SIZE

The photographs of some
of the commonest spring
flowers interspersed in this section will serve for the identification
of species that are not already familiar to the reader.

3. ANnmMan Live
() General Remarks

Some animals spend the wholo of the winter and early spring
in a perfectly dormant condition, and many others are more or less
inactive during this cold period, venturng out of thewr hiding
places only when the weather is muld.

In many cases the hibernating creatures may be readily found
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in their winter quarters, and these should bo searched out with the
object of learning what they do to protect themselves from the
inclement weather. Thus, enails may be found in holes and snug
corners almost everywhere, generally a number together, as if to
derive somo benefit from their companionship, each one with the
aperture of its shell closed by a thin membrane formed from the
slimv secretion (mucus) which exudes from its soft skin and from

F10. 21.—~THE MARSH MARIGOLD—HALF NAT, SIZE,

its mouth. Also, beneath the surface of the soil, under fallen leaves,
in decaying wood, and in various other suitable hiding-places, we
may meet with hibernating spiders, centipedes, woodlice, and
many species of insects, either in the immature or mature state,
g the invigorating th of the spring sun.

Mmy persons 8 have a great antipathy to a number of creeping and
including the lower vertebrates (reptiles and

a.mphxbxms) and the majority of the invertebrates ; nevertheless
thess same creatures ars well worthy of study, for they all have
interesting habits, and many of them are really beautiful objects.
Those who find them repulsive lose much, and the teacher should
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strive to overcome any such dislike he may have towards them, and
to destroy any such aversion on the part of the children. The mero
suggestion of a lesson on the snail, or on the earthworm, is alone
sufficient to create a feeling of horror on the part of some children,
but if such a lesson succeeds only in removing this feeling no mean

F16. 22.~THE OUCK00 FLOWER—SLIGHTLY REDUCED.

object has been attained. A good lesson on such an animal will
seldom fail to have this effect, and it will generally lead the children
to study, with pleasure and wonder, the very creature of which they
were positively afraid only an hour previous.

The habits and life-histories of many small animals can hardly
be studied conveniently unless the animals are kept in captivity or
semi-captivity for continuous observation ; and we shall presently
give examples of such, together with practical hints on the
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management of them. Some of the creatures to which we refer
are of carnivorous, and even predaceous habits, and would,
therefore, appear to be quite unsuitable for the observation of
children.

If predaceous species are observed out of doors, we can know
but Little of them if we neglect to learn how they catch and devour

F16, 23 —THR RED CAMPION—SLIGHTLY REDUCED,

their prey, for, in these inst , the most interesting points in
theirstructure are those which fit the creatures for their predaceous
mode of life—the most interesting and instructive features of these
(and of all other animals) are the wonderful adaptations of structure
to habit.

Again, if we keep such animals in captivity, we must supply
them with their natural food ; and, in several cases, they will refuse
everything but their living prey. Tho feeding of the creatures under
observation, then, will bo regarded as repulsive and cruel, and
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many teachers will unhesitatingly say that their habits are not such
as should be witnessed by children, which means that children
should be kept in profound ignorance of the true nature of the
greater portion of the whole animal world—that they should
never see a cat catch
and eat & mouse or a
sparrow, the spider
catch a fly, or the
lizard seize and de-
vour a spider.

There is certainly
a great deal of ap-
parent cruelty in
Nature, and we are
not all agreed as to
the advisability of
doing our utmost to
keep children in utter
ignorance of the fact.
Of course we must
not attempt to make
a display of the pre
daceous habits of
the animals referred
to before children,
especially young
children; but, on
the other hand, we
must remember that,
sooner or later, all
children will learn R
that & very large F1d, 34,—TB WEITE CAMPION—-ABOUT EALP
proportion of the NAT, BIZE,
animal oreation lives
by preying on the more harmless species, and that by their own
unaided observation,

It is for each teacher to decide whether he will allow his children
to watch the habits of predaceous creatures in the school aquarium
and vivarium or not ; but this much is certain—if the observations
of animal life are to be confined exclusively to the harmless species,
the children will get & very one-sided view of the works of Nature,
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and will lose the opportunity of studying some of the most marvellous
examples of the adaptability of structures to the functions they
have to perform.

‘Whatever be the animals studied, special attention should always
be drawn to their movements, including the means of locomotion.
In the case of the higher animals with well-developed limbs, the
limbs may be compared with each other and with our limbs, both

P16, 25.—~Tue HERB ROBERT—SLIGHTLY REDUCED.

a8 regards their structure and their function. Those lower in the
soale of life present a great variety in the form and movement
of the appendages used for I tion, the st being always
admirably adapted to the habits and habitats of the creatures;
while in some instances, where special appendages for locomotion
are either totally absent or are so minute that they are not
ocasily observed, children will take oonmdemblo interest in trying
to solve the problem of the ts from place

to place.
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As previously hinted, the most i i tsof animal
are connected with the means of procuring and disposing of their
food ; and when children have an animal under observation they
shonld be encouraged and guided by such questions as: What is
its food ? How does it find its food, or how does it catch it ? Does
the animal rely entirely on its strength and agility, or to a greater
or less extent on stealthiness ? Does it hunt for its prey, or simply lie

F16. 26.~TER SYOAMORE IN FLOWER,

in wait for it ? Does it construct any kind of snare ? How does it
feed ? Does it chew its food, swallow it whole, or does it feed only by
suction ? Does it store food not required for use at the time being ?
ete, Questions such as these, put to the children while observing or
when about to observe, will help them to search more closely into
things than they otherwise would.

Predaceous animals are provided with the means of attacking
and overpowering their prey, and the latter have, generally, some
more or less effectual means of def Attention should be called
to the various means of protection in those species that have enemies,
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Some possess & kind of armour ; others have weapons with which
they can attack their foes. In the absence of both these, safety is
often secured by burmwmg. by the construction of some kind of
home or shelter, by congregating together in vast numbers, or by a
colour: bl to env b

Few things are more interesting 1n regard to the natural history

P16, 27 —THE COMFREY—SLIGETLY REDUCED.

of animals than this matter of resemblance to surroundings; and
striking examples may be witnessed almost everywhere, Many
town children will seldom, if ever, get the opportunity of. noticing
how various birds and Is are assisted by such bl

and how, in some instances, the colour even ohunges thh the
seagons in order to h ise with the changed

but all may witness equally interesting cases among the lower

Intowngudsnlmdopenspwenheymnysoethegzmphnt-
‘bug, of the same tint as that of the leaf from which it is sucking the
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sap; the green caferpillar at rest on the projecting vein of the under-
side of a leaf, where it looks just like the vein itself; the twig-like
caterpillar, with its straightened body standing out at an angle from
the twig which it almost exactly resembles ; and the moth, resting
with depressed wings on a tree or fence on which it is scarcaly
discernible.

It should be noted, too, that bl to envil t is

F10. 28.—THE SCARLRT PIMPERNEL—SLICHILY REDUCED,

not confined to creatures which require protection from their
for examples are common in which predaceous animals are, by this
means, enabled to lurk unseen in wait for their prey.

Further, very interesting examples of * mimicry * are to be ob-
served among animals. Some inseots are protected from birds and
other enemies by an obnoxious flavour, and others, though edible,
by mimicking their colour, are less lisble to attack. A certain
British fly that has no weapon by which to defend itself is seldom
attacked because it so closely resembles a wasp; and if the fly is
caught it will even imitate the movements made by & wasp when
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the latter tries to thrust its sting into its captor. Some children
are shrewd enough to find out such facts for themselves ; but, if not,
the mention of & few instances by the teacher will make them keen
in their search for similar examples,

We have spoken briefly of the ways in which animals protect
themselves from their ememies, but equally instructive are the
methods by which some of them secure shelter from unfavourable

FIG. 20.—THE OAK IN FLOWER—SLIGHTLY REDUCED.

conditions of the weather, and the preparations made by others
previous to the assumption of & dormant or passive state.
Examples of such will be mentioned when dealing with the animals
conoerned.

Children should also be encouraged to observe the various ways
in which animals provide for their offspring: whether they lay eggs
and, if 8o, when and where ; whether any kind of provision is made
for the safety of the eggs and of the young that are hatched from
them. If any kind of nest is made, they will study the nature of the
nest, and, if possible, watch the progress of the building. If no nest,
they will note whether the eggs are placed in such a position that
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they are protected from extremes of temperature and from other
dangers.

Some animals leave their eggs entirely as soon as they have
been deposited, but it will be noted in such instances that the
eggs aro generally left in some safe situation, and that they are laid
either on or near the very food which the young ones require.

If the eggs are cared for by the parent, then the following
matters should be investigated by the young observers: How are
the eggs protected and cared for ? Are the young ones fed ; and, if
80, how are they fed, and with what food ?

Further, where the same animal has been kept under observation
for some time, the children may have the opportunity of ascertaining
the length of its natural life.

(b) Some Lower forms of Animal Life

Almost all kinds of animals may be studied during the spring
a8 soon a8 the sun is sufficiently warm to call the hibernators from
their winter quarters, but some are especially suited for observation
during this period.

Snails and slugs are now out of their m
hiding places, and during damp weather, Qm
especially in the evening after the sun has  yy ~\- 7
gone down, they may be found feeding on Vi VIV
the early vegetation. W

A fow of these may be kept for a time
in a box with a glass front, covered with &
lid of perforated zinc or other suitable 7 VY
material. Thoy will eat almost any kind of L XACLIY
vegetation that we ourselves find edible, and
the manner of feeding may be observed with A
the aid of a lens. . m“h;:’;ﬁm%;f‘:i

If a hungry snail be placed in a rather gﬂﬂ:: ;l.:’mo'ln::!-
deep but small jar or box, and provided .
with a piece of cabbage leaf, the rasping v m—-v;n)gr
action of its minute teeth may be distinctly =~ MAGNIIED.
heard as it feeds, by placing the ear close to
the mouth of the box. In order to see its mouth, and also the
wave-like muscular contraction of the lower surface of its body
88 it creeps, we place the snail on a piece of glass, and look at it

through the glass.
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Among the other i ting f of the enail we
may briefly note the retractile, sonsitive ‘ horns,” which are pulled
outside-in by moans of small muscles when touched; the eyes
at tho tips of the longer ‘ horns’; the breathing hole under the rim
of the shell on the right side of the snail’s body ; and the out-turned
rim of the shell of the adult snail, which shows that the growth is
now completed.

Of course the children will note many other interesting features
concerning the structure and movements of the snail, and also of
the slug, which is really only
& species of the same group
with no shell or only a rudi-
mentary one. We merely call
attention to a few points that
may possibly be overlooked
in the absence of simple hints
and directions,

Several very interesting
spocics of water snails afe to
be dredged from weedy ponds,
during the spring, with the
aid of a muslin or gauze net ;
and if some of these be trans-
forrod to a glass aquarium,
together with some pond weed,
their movements may be ob-
served with ease.

F10. 81.—SECTION OF THE HEAD OF TEE is i it wi
SNAIL, SHOWING THE HORNS OR TEN- It this is done, it will 'fOt
TACLES (), THE MuscLEs wmck puin be long before we notice

THEM IN (m), AND THE NERVES (n). cylindrical masses of jelly-like
substance, containing minute
specks, attached to the pond weed or to the glass. Those are the
eggs of the water enails; and if we examine them from time to
time, we can observe the gradual development of the young snails.
The jelly-like covering of the eggs is quite transparent, and those
masses of eggs that are attached to the glass sides of the aquarium
may be closely examined through a magnifying lens.

An important difference between land snails and water snails
must be noted. The formot take then' supply of oxygen direct
from the at: k b hing aperture previously
mentioned, the orgn.n of resplntwn being & lung with & function
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similar to that of our own lungs; the latter, on the other hand,
breathe by means of gills which absorb dissolved oxygen from the
water in which they live.

Earthworms are also very interesting animals for study. En-
courage the children to observe them in their natural haunts. They
are of nooturnal habits, coming to the surface after darkness has
set in, especially when the soil is wet, but easily obtained in the
daytime by digging. They swallow the soil as they burrow, digesting
from it the decomposing vegetable matter that forms their food,
and this soil is ejected at the surface in the form of little wormlike
mounds known as worm-castings. Thus they perform a very useful
work, for their burrows assist in the aération of the soil; and in
ocontinually bringing the deeper soil to the surface they are doing a
work similar to that of the plough.

The attention of the children should be drawn to the general
oylindrical form of the body, the flattened hindmost portion, the

D

TF10. 32.—TwR DOG PRRIWINELD Fio. 33.—THE Doa
AND IT8 EGGS, ‘WHELE.

large number of ring-like segments, the absence of limbs, and, of
course, the movements.

By stroking the body of the worm ‘ the wrong way ' we can feel
the little bristles, of which there are eight on most of the segments,
all directed backward. These are used for locomotion ; the worm
extends the fore portion of its body, and then, applying its bristles
against the ground, is enabled to pull forward the hind portion
by muscular contraction.

If it is desired to keep & few earthworms in the schoolroom
for closer observation, put them in & wooden or other suitable
box half filled with a soil that is rich in leaf-mould. Keep this



66 NATURE STUDY GQUIDE

soil wet and cover the box with a glass plate. Another and
better method of keeping worms for observation will be found
on page 240.

In the case of schools situated within easy distance of the sea
the children may be stimulated to observe the forms and habits of
the marine snails commonly known as wholks and periwinkles, and
the marine worms.

The former include the common whelk, dog whelk, common peri-
winkle, dog periwinkle, sting winkle, and the limpet—all of which
are abundant on every part of our coast. The first of these really
lives in deeper water some distance out, but may always be obtained
alive, when required, from fishermen; but the others are always
to be found on rocks and stones at low tide. With the exception
of the limpet, which has a conical shell, all have spiral shells and, of
course, spiral bodies ; and all of them breathe by means of gills like
the fresh-water enails.

During the spring months the pretty stalked eggs of the dog
periwinkle may be found attached to the rocks, usually in crevices
and under the shelter of projecting ledges; and the eggs of the

FIG, 34—THE STING WINKLE,

large common whelk are often washed on the beach in large numbers
by the waves, times still unhatched, but more frequently only
the empty cases.

The movements of the animals named may be conveniently
observed in & glass aquarium supplied with fresh sea-water,
and the development of the young from the eggs may also be
watohed.

Marine worms are even more interesting than the earthworm,
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and some of them are really beautiful objects. Several spocies
burrow into sand or mud at the seaside, and these may be obtained
by digging, and observed in a salt-water aquarium. Some construct
tubes of sand, the particles of which are bound together by asecretion
from the body, while others live in hard tubes of limy material that
are usually attached to weeds, shells and stones. The burrowing
species often leave their burrows and swim freely, but the tube.
builders lead a sedentary life.

The beauty and the interesting movements of these marine
worms are best obsorved in the aquarium, for they seldom expose
themselves when out of the water. Unlike
the earthworm, they have very pretty gills
and other appondages, but they are all similar
in having long, segmented bodies.

Seaside observers should also study the
beautiful variously-coloured jelly-
fishes, with cylindrical bodies and numerous
feelers, that live attached to rocks, stones,
shells, etc. These should also be observed in
the aquarium, or in the rock-pool, for it is
only in water that they expand their beautiful
bodies and feelers. They may be kept alive
a long time in captivity if supplied with Fio. 35—FEdes o THE
fresh sea-water at intervals, and fed with WHELE.
little pieces of fish.

It should be noted that the sea-anemones are much lower in the
seale of life than worms and snails, The latter are very complicated
in structure internally, having well-formed digestive tubes, digestive
glands, blood system, excretory organs, nervous system, eto. ; but the
anemones are very simple animals, with no internal organs in the
ordinary meaning of the term, and the only digestive apparatus
is a portion of the general body-cavity, partly shut off from the
remainder, that serves the purpose of a stomach.

Finally, it may be mentioned here that both fresh-water and
salt-water pools are especially interesting in the spring season,
not only on account of the objects already named as inhabiting
them, but because they now contain a variety of animals that
have peopled them afresh after their winter hibernations, together
with many others that are now in their early, immature stages.
Some of these belong to higher forms of life than those we have
been considering, and will be mentioned in their proper places.

r2
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Nevertheless, it will be useful, at this time, to search the ponds
and pools with a collecting net, and thus procure a stock of
interesting material for the school aquara, the management of
which is dealt with in Chapter XIII

F10 36 —A GROUP OF MARINE TUBE BUILDING WORNS

{o0) Spiders and Centipedes

Passing now to animals that are more highly organised than
worms and snails, we shall first make a few observations on epiders
and centipedes. These, together with insects and crustaceans,
form the large and important group called the arthropods, the chief
characteristio of which is a segmented body bearing jointed limbe
and other appendagea.
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Both spiders and centipedes are, perhaps, best studied in their
natural haunts out of doors ; but they may, of course, be kept for &
time in captivity for closer and more continuous observation.

There are a large number of British spiders, varying much in
size, general appearance and habits, but we specially recommend
the very common garden spider, sometimes called the cross spider

10, 37.—A COMMON SEA ANEMONE (MESFMBRYANTHEMUM).

on account of the light, croselike mark on the top of ita body, as &
very interesting one for study, and very casily found.

It is common among children, and even among adults, to look
upon all small creeping things as insects. But spiders belong to &
group of the arthropods quite distinet from insects; and when the

former are being ined, particular jon should be callod
to those features in which they differ from the latter. Such featurcs
will be noted as we proceed.

For the guidance of the teacher we give a brief summary of the
main characteristics of the garden spider. First, we observe that
its body is made up of éwo distinet parts (not three, a8 in insects), the
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Nevertheless, it will be useful, at this time, to eearch the ponds
and pools with a collecting net, and thus procure a stock of
interesting material for the school aquana, the management of
which is dealt with in Chapter XIIL

FI¢ 36 —A GROUP OF MARINE TUBE-BUILDING WORNS

(o) Spiders and Centipedes
Passing now to animals that are more highly organised than
worms and enails, we shall first make a few observations on spiders
and oentipedes. These, together with insects and crustaceans,
form the large and important group called the arthropods, the chief
characteristic of which is & segmented body bearing jointed limbs
and other appendages.
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Both spiders and centipedes are, perhaps, best studied in their
natural haunts out of doors; but they may, of course, be kept for 8
time in captivity for closer and more continuous observation,

There are & large number of British spiders, varying much in
size, general appearance and habits, but we specially recommend
the very common garden spider, sometimes called the cross spider

P10, 37.—A COMMON SEA ANEMONE (MRESFMBRYANTHEMUX).

on account of the light, crosslike mark on the top of its body, as a
very interesting one for study, and very easily found.

It is common among children, and even among adults, to look
upon all small creeping things as insects. But spiders belong to a
group of the arthropods quite distinct from insects; and when the

former are being ined, particular attention should be called
to those features in which they differ from the latter. Such featuros
will be noted as we proceed.

For the guidance of the teacher we give a brief summary of the
main characteristics of the garden spider. First, we observe that
ita body is made up of fwo distinot parts (not three, as in insects), the
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foremost being a combined head and thorax, and the hinder part the
abdomen. To the front portion are sttached four pairs (insects
have only three pairs) of jointed legs, covered with stiff hairs, and
terminating in several claws ; and the large, roundgd abdomen has
no appendages, and is not segmented as is the case with insecta.

Attached to the head is a pair of long, jointed feelers ; a pair of
forceps (falces) above the mouth, by means of which the creature
captures its prey and injects poison into its body ; a pair of jaws,
one on each side of the mouth; and eight minute eyes.

Under the abdomen, towards the front, are two slits through
which the spider breathes; and, behind, the little silk-spinning
organs, two of which are longer than the others and project.

Of course, some of the above organs are not to be seen excopt
on & very close ination, but all are led if we employ a good
magnifying lens to study a spider that is temporarily imprisoned ina
small glass-topped box.

As regards the habits of the spider, the most interesting are

doubtedly the spinning of the beautiful web, and the capture and
disposal of the proy. The construction of the snare may be watched
in the open, but the spider will also perform the task indoors, if
preferred. Should the latter be desired, take a garden spider from
its web, put it in & large glass case containing & few twigs to form &
support for the new enare, and place the whole in a well-lighted spot.

The method of procedure is as follows : First the creature lays
a horizontal thread from one point to another, often making use
of the wind as a means of carrying the thread across, but sometimes
climbing across and putting the thread in the desired place. The
newly-spun thread is still somewhat sticky, and adheres firmly
wherever it is applied. Several other threads are now formed, one
by one, each fastened to the first, and then carried in various
directions to suitable points of support, thus completing the frame-
work of the future structure. The spider next comes to the centre
of the horizontal thread, and, making many somewhat similar
journeys, spins a number of threads that radiate in all directions
from the middle to points on the outer framework. So far, all the
threads spun by the liquid silk dry rather rapidly, losing their
stickiness, and, therefore, do not form part of the actual snare,
This latter consists of a continuous thread, passing from radius to
radius, forming a fairly regular spiral. In eonsh'uetmg it the
spider starts at the.centre, and gradually widens the ci
of its circular j a8 it p ‘;andtlmthxuduof&

0
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different nature from the rest of the web, since it supports numerous
minute globules of & liquid silk that does not harden on exposure to
air, and therefore forms the snare for the capture of insects.

Although so very fine, each thread of the web is really com.
pound, being formed by the combination of all the liquid threads
that issue from the holes of the spi t

It will be observed that the garden spider is very variable in
colour, but it may always be recognised by the more or less distinet
oross on the top of the abdomen. The male is not nearly so large
a8 the female, nor is he so fierce and voracious as she.

Tho female lays her eggs in the autumn, usually in October, and
covers them with a roundish, yellow, silken cocoon, about two-thirds
of an inch in diameter. These cocoons may be found on garden
fences and the trunks of trees all through the winter. The young ones,
several hundreds in number, hatch out in the following spring ; and,
immediately on leaving the cocoon, they spin a common web, inside
which they live for & short time, all clustered together into a little
ball about & third of an inch in diameter. In this condition they
may be found suspended from some object near their winter nest.
Touch the ball of young spiders, and i diately they dart asund
on their protecting web; but as soon as the alarm is over they
resume their former crowded condition. It is not long before the
young spiders separate from one another, and then each one con-
structs its first tiny snare for the capture of the small insects that
now form its food.

Finally, it must be noted that the newly hatched spiders are
of the same form as the parent. They do not undergo metamor-
phoses, in which respect they differ from the majority of insects, as
will be seen presently.

We need hardly remind the teacher that he should not find it
necessary to impart much of the above information to his class, but
that the children should, as far as possible, make the whole a matter
of original research. The information is given to enable the teacher to
augment or correct his own observations, if necessary, before putting
the children on the same work ; and the same remark appliesequally
well to all other information given in this guide.

It will be seen, too, from our remarks on the spider, that the
oocoons should be searched for in winter or early spring, and the
young spiders later in the spring, while the mature creatures will
provide material for study during the summer months.

Again, these ks apply particularly to the garden
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spider, but it must be remembered that there is a large number of
British species, all differing from the others in some special features ;

P10, 38.~WATER SPIDERS AND THETR CELIS,

and thus, if observations are made of other species than the one we
have referred to, differences must be expected. Some species, for
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instance, have bodies of quite a different shape ; some have only
aix eyes ; some females carry their ttached to their bodies;
others construct no snares, etc.

We can hardly close our account of the spiders without a brief
reference to the very interesting water spider. This creature is
common in ponds and slow streams,
and may be readily obtained with the
aid of a muslin or gauze net from April
onwards. Its wonderful habits may be
observed if it be placed in an aquarium
containing & little pond woed of any
kind. It lives under water, but de-
rives the air necessary for respiration
direct from the atmosphere. Its abdo-
men i8 covered with short hair, between
which is always entangled a supply of air that gives the creature
somewhat the appearance of a moving ball of silver. When the
oxygen requires replenishing the spider comes to the top, and,

pushing its abdomen above the sutface of the water, disengages
the vitiated air, replacing it by a fresh pLpply.

The water spider also constructs afsilken home, in the form of
an inverted, oval cell, fastening it by means of silk threads to the
water-weeds ; and this cell is filled with air in the following manner.
'l'humderwmufotha surface, puches the end of iubodyinto the
air, and then, by a rapid t of the hindmost legs, cap
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8 bubble of air between the legs and the spinnerets, carries it down
and releages it in the cell. This process is repeated until the cell
isnearly full of air, when the spider will got inside, take up a position
with its head downwards, and watch for its prey.

Centipedes are not so int g as spiders, but they are worthy
of a little study if only b they rep & distinet division
of the jointed animals. Their bodies consist of a chain of similar
segments, each bearing a pair of short, jointed limbs. They are
nocturnal creatures, hiding under stones, in the soil, in rotten
wood, or in some other situation where they can avoid the light
during the day, and wandering in search of their prey after dark.
They are very voracious, are armed with & pair of powerful jaws,
and often attack earthworms and grubs much larger than themselves.

Millepedes are somewhat similar in general structure and habits,
but their bodies aro made up of a much larger number of segments,
with & corresponding number of pairs of legs. They are not all
carnivorous (for there are several species), some feeding on decaying
organic matter, while a few are said to attack living plants. They
roll up into & spiral when disturbed.

(d) Insects

During winter and early spring hardly a sign of inseot life is to
be seen except by those who know where to search out the hiber-
nating apecnea but as the latter season adva.nees insects appear
on the wing in gradually i ffording d
opportunities for the most mtmestmg observations.

Most insects are very unlike their parents in their early stages,
and pass through marvellous changes before their mature condition
is attained. In the higher forms there are generally three distinct
stagee—the larva or grub, with or without legs; the pupa or
nymph, sometimes quite quiescent or passive; and the imago or
perfect insect, usually possessing two or four wings and endowed
with enormous power of flight. The eggs are laid only during
the last or perfect stage. and from these are hatched the larve or

.grubs of the future generstion.

All insects must, of oourse, pass through the winter in one of
the above stages. In some pecies the eggs are laid in the autumn
and remain unhatched until the following spring. Others hibernate
in the larval condition, seeking shelter from the winter weather
under the soil or under some other cover. Others, again, spend the

ol
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whole of the winter and early spring in a quiescent pupal state ;
while & smaller proportion hibernate in the perfect or winged
condition,

The study of insect life should not be totally neglected during
the cold months of the year, for it is interesting to learn the various
ways in which insects protect themselves from harm during this
period. When preparing the soil for the spring flowers and crops,
we are sure to meet with many of them—brown or black pups,
covered with a hardened, protecting skin, snugly housed in a cozy

F1G. 41.—STAGES OF THE LARGE WHITE BUTTERFLY.
1 Larva or Caterpillar. 8. Perfect Insect.
2. Pupa or Chrysalis. 4. Egg—magnified,

little oval cell scooped out of the soil, with walls often made of
particles of earth bound together by threads of silk; pupe or
chrysalides similarly housed and protected, frequently in & neat
silken cocoon, or in & hard shell formed by gluing together earth
or other material with a silky secretion, often with the additional
shelter afforded by the angles of the roots of the trees or shrubs
on which the insects fed ; and larvee and pupm lying on the surface
of the soil, under the cover of fallen leaves that are sometimes bound
together to form a suitable winter home.

Hibernating insects, in various stages, may also be found on
fences, in the crevices of the bark of trees, and in holes and under
protecting ledges almost everywhere,”

The eggs and larve found during this season may be colleoted
and reared with the object of studying the future life-histories,
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providing the species and the food required are known; but in
all cases the pupm may be preserved in order that the perfect
insects may be seen and, if possible, the actual emergence of the
same be observed.
Whenever hibernating larve or pupe are collected for future
3

observation, they should be kept s nearly as possible under their
natural conditions until the period of hibernation is over. Those
found in the soil must be kept m soil in which a certain amount of
dampness is preserved, whilo those obtained from dry situations
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simply require housing in & suitable box placed in & cool, airy
situation,

From October to about the end of March the angular chrysahdes
of common white butterflies—the large white and the small white
butterflies—may be found under the projectng portions of garden

1. Green-veined White. 4. Orange Tip.
3. Small ;mu. 5. Do.  (under side),
8. Large White, 6. Wood Argus.

7. Small 3

walls and fences, both in town and in country., These are generally
placed horizontally, and secured by a silken tuft at the tapering,
hind extremity as well a8 bya fine but strong silken cord round the
middle. Some of these should be secured in order that the school
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repeopled with insect life. Quite a large number of grubs—the
larves of gnats, dragon flies, caddis flies, may flies, water beetles,
and of various other aquatic insects may be obtained in numbers by
means of & muslin net. These, if placed in the school aquarium,
and treated according to the advice given on page 233, will give

plendid opportunities of watchi les of insect
metamorphoses. The gnat larve, whwh may be found in almost
any still pool or open water-butt, are very suitable for such obser-
vations, for thoy pass through their stages so rapidly that, with a
large number in stock, the changes may be witnessed at almost
any time.

(e) Fishes

Fishes may be studied almost equally well at all times of the
year, but we think it advisable to give some general hints concerning
them now, since they are most conveniently observed in the aquarium
and sinoe the spring season is the best in which to stock aquaria,
with material for the summer’s study. The method of starting
and maintaining aquaris will be found in Chapter XIII, and we
shall deal here only with the principal features that should be noted
when the fishes are under observation.

Hitherto we have spoken only of invertebrates, but in the
fishes we beoome aoquainted with the lowest of the vertebrate or
baok-boned animals. They have, at least generally, a bony skeleton,
including a back-bone, skull, ribs, and imperfectly-developed limbs.

The fish most generally selected for sohool study is the goldfish,
chosen, probably, partly on account of its pretty colouring, and
partly because it may ususlly be obtained from a dealer without
the slightest trouble. We doubt, however, whether it is the best
for our purpose. Its movements aro very gmueful as well as
mstruetlvo. but they soon b

This is not the case with the interesting little stickleback,
which is to be seen in nearly every pond and stream. This fish is
eagily procured by means of a muslin net on the end of a stick.
1t is 80 hardy that it is easily kept alive and healthyin an aquarium,
providing it has plenty of room and the proper food ; and ite habits
and movements are so varied and interesting that for a considerable
time we can be learning something new concerning it.

During the springtime we meet with what are apparently two
kinds of sticklebacks in fresh-water ponds, but these are really the
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two sexes of the same species. At this season, and at this season
only, the male stickleback is very brightly coloured, the chief dis-
tinguishing mark being the large patch of bright red that has earned
for him the name of * red-throat.’

This season, too, is that during which this interesting little
fish is concerned in the matters of home and family. The male
builds a nest by weaving together the stems and leaves of pond
weeds—a kind of tubular nest, very loosely put together by the aid
of the creature’s mouth. The female deposits her eggs within

FIQ, 47.—TUL STICKLEBACK AND ITS NEST.

this nest, and during the whole time that the nest is required—that
is, until the young ones appear—the male guards it most care-
fully against enemies of all kinds, including those of his own

species. L
During all this period the male stickleback is most vicious in
his treatment of intruders that approach too near his domain. He

will furiously repel all intruders, regardless of their size; and if
threatened with a walking-stick, he will charge the stick with such
fary that, although he is so small, the blow will be felt at the other
end,

Tho stickleback is at all times voracious in his appetite for
worms and grubs, generall ious and quarrelsome in his habits,

J PUE
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and a.Iwa,ys iull of vngour Wxth such qualities in addition to its
nest-build g g habits and all the other features
common to ﬁshes generally, it “will be seen that the stiokleback
must be & most interesting fish for school observation.

As regards the general structure and habits of fishes, children
should be encouraged to note that the shape of the body is adnumﬁly

dapted for easy progression through water; that a fish is, with
the exception of the heavier ‘ bottom fishes,” of about the same
density as the water in which it swims; that its body is covered
with smooth, overlapping scales with their free edges turned back-
wards ; and that it is apparently always drinking, but in reality is
only taking water to bathe the gills for respiratory purposes, the
water passing out under the gill-covers after it has been deprived
of some of its dissolved oxygen.

It should also be noted that there are (in most fishes) two pairs
of fins, corresponding with our own limbs, in addition to other
fins in the medial plane of the body—on the back, on the ventral
surface, and at the tip of the tail. Concerning the uses of these
fins for progression, balancing and steering, the children must
get their own ideas of them by carefully watching the movements
of the body of the fish resulting from the different motions of the
fins, The children may be wrong times in their |

but better this, after some real attempt, than to be told by the
teacher and thus deprived of all stimulus to thought.

Perhaps the commonest of all mistakes made as regards the
funotion of the fins of fishes is to conclude that the tail, because
it is situated in a position which corresponds with the rudder of
& boat, is used solely for steering purposes. A little careful obser-
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vation, however, will show that the tail fin is really the principal
propelling organ of the fish.

Of course there aro seversl other common fishes in pools and
rivers that are suitable for school study, such as the carp, roach,
minnow, gudgeon, loach, ete. The last of these is one to be recom-

FIG, 49.—THE ROACH.

By

Fia, §0.—THE LoACx

FI6. 52.—1EE GUDGEON.

mended, especially beoause its habits and movements, as & bottom
fish, differ from those of most familiar fresh-water species.

The body of the loach is heavy, as with bottom fishes generally,
mdtheﬁlhapendsmuehofiutimeahestonthebedofthepond
in which it lives. It is provided with feelers (barbules) by means of

¢2
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which it can feel its way about on the ground, and is naturally
of & less nctive nature than the free-swimming species. Placed
in an aquarium with water lilies or other plants that have floating
leaves, it will: often come to the surface, rest on a leaf, and even
bask in the sunshine with its body half out of the water; and,

FIG, 63,—THE BUTTER-FISH.

in this position, it will, after only a short period of captivity, take
its food (small worms, etc.) from the hand.

Although we have referred to two fishes in particular as being
suitable and interesting for school study, we do not wish it to be
understood that these are all-sufficient. Fishes, like other divisions
of animal life, include a very varied collection of creatures, and it

F1G. 54.—THE SMOOTH BLENNY

will be well to make ourselves acquainted with the greatest possibl
variety of structure and habit.

The children of schools in seaside towns and villages would
naturally be Jed to study some of the common fishes of the sea ; and
while a certain amount of time may be devoted to the observation
of the leading characteristios of form and colour by which we
distinguish between the various food fishes brought in by the
fishermen, *a much more valuable work, from an educational point
of view, may be accomplished by the study of the habits and
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adaptations of the little fishes that are to be seen alive under stones
and in rock-pools left by the receding tide.

Let the children ramble on the shore when the tide is low, and
turn over stones near the water's edge. Here they will find the
slippery little butter-fish, the bony and sluggish pipe-fish, the
pugnacious smooth blenny, the equally pugnacious marine bullhead,

F16. 55,—THE MARINE BULLHEAD,

and other small species with most interesting habits and remarkable
adaptations of structure to habit,

These little fishes will live many hours, and some of them even
days, out of water, providing they are kept wet with sea-water.
Their movements may be closely observed by transferring them to
a little rock-pool, or they may be taken home in wet seaweed, and

"

F16. 56.—THE LITTLE WEAVER FISH,

then placed in a salt-water aquarium furnished with some weeds and
stones to provide them with suitable cover.
Then, in the rock-pools themselves, wo have beautiful little
tural aquari; ted with weeds of various colours, and
harbouring little fishes of various species, including those we have
previously named. Here the fishes are to be studied under perfectly
natural conditions, and with as much convenience as when they
are housed in a glass aquarium. .
Even on sandy shores, where stones and rock-pools are absent,
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there ere favourable opportunities of observing certain species of
fishes that come close up to the water's edge. On & calm day, when
the water is undisturbed except by the passage of Lttle mpples,
young flat fish, with their upper sides mottled m such & manner as

]
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F10, 67 —hiGS OF THE BbhAlk.

to be scarcely distinguishable from the sand itself, may be seen
swimmng from place to place in the shallow water; and, after
each short journey, settling on the sand, and suddenly hiding
themselves by throwing up sand with the aid of their fins to cover
their bodies.

The troublesome little weaver fish, too, will bury itself in sand,
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leaving nothing exposed excopt its oyes and the spiny weapon on its
back, the latter often causing considerable pain by piercing the feet
of unwary little ¢ paddlers.’

In eddition to these and other fishes that may be searched out
on the sea shore, thers are also interesting objects connected with
fish life to be seen among the debris washed up on the beach. Thus,
clusters of the eggs of fishes are frequently to be seen cast up on the
sand, or attached to sea-weeds or to the rocks. If these are placed
in a salt-water aquarium they will
hatch out, giving an opportunity of
learning that the young fishes come
into the world in a very imperfectly
developed condition—that they have
to pass through a larval condition, like
frogs, toads and newts, before they
finally assume the form of the parent.

The large, horny eggs of the skate
and the dog-fish are also to be found
among the thrown.-up debris at high-
water mark. More frequently the
empty egg-cases of these fishes are
cast up after the young have hatched
out, and a slit at one end then shows
where the little fish mado its escape ;
but occasionally the unhatched egg is
washed up intact, in which case the
young one may be seen snugly coiled
up within its cell when viewed by
looking through the latter in a good
light, and the hatching may then be observed in the aquarium
88 before described.

F16, 58.~THE EGG OF THB
DOG-FISH.

(f) Amphibians

We now come to the amphibians—those animals which spend
the early part of their lives as fishlike larve or tadpoles, breathing
by means of gills, and then develop into four-legged creatures that
breathe by lungs and are more or less terrestrial in their habite.

This division of animals includes the frog, two species of toads
(the common toad and the natterjack toad), and three species of
newts (the common newt, the palmate newt, and the great warty
newt),
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The study of these animals is full of interest, not only on account
of the structure and habits of the adult creatures, but more parti-
cularly b of the kable changes through which the young
have to pass before they assume the perfect form. In the latter
state they may be observed at any time except during the yinter

months, when they are in a dormant condition; but the study
of their metamorphoses is essentially an occupation for the spring.
Frogs' eggs are to be found in almost every pond during the
latter portion of March or in early April, the exact period varying
ding to the temperature of the season. They should be pro-
cured assoon as possible after they are laid, and placed in an aquarium
with a liberal supply of any common pond weed. For sqme weeks,
while the earlier stages of development are in progress, they will
require no particular treatment, the pond weed supplying the
young tadpoles with all they need in the way of food, as well as
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with the oxygen necessary for respiration ; but after a time they

will require a change of food and changed conditions, particulars of

which will be found in our chapter on the management of school
uaria.

The study of the life-history of the frog should consist of a series
of observations carried out at fairly regular intervals for a period
of a few months. While these observations are in progress the
teacher should never attempt to essist the children by giving
information as to future events and changes, but require the whole

¥10. 60.~THR COMMON TOAD.

study to be one of original research on the part of the class, merely
offering explanations in the case of problems which the children
cannot work out for themselves,

Even young children should be encouraged to keep & complete
record of the observations, with dates, illustrated by means of
sketches drawn as near as possible to the natural size. The aquarium
should be viewed about three or four times each week, at least during
the early stages, but each observation need not occupy more than
a few minutes,

The levelopment of the toad may be observed in exactly the
same way, and the results compared with the ponding stages
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of the frog. The eggs of the latter are always in large rounded
masses of some hundreds, while those of the toad are embedded in
long strings of jelly, and are usually laid a little later than the eggs
of the frog.

As a guide to the teacher we give a brief summary of the changes

F16. 62.—~SMALYL PORTION OF THE CLUSTER OF EGGS LAID BY THE FROG
A8 THEY APPEAR AT FIRST,

FIC. 83.—-APPEARANCE OF THE EQGS A LITTLE LATER,

to be observed in the case of both the frog and the toad, and in the
proper order :
1. The eggs.

(a) When first laid, the eggs consist of a black embryo
surrounded by & rather thin layer of gelatinous
substance.

{b) The gelatinous covering soon absorbs much water and
swells enormously, so that the mass of eggs laid by a
single frog becomes very large,
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(¢) In a few days, the time varying according to the tempera-

ture, the embryo becomes elongated.

(d) A fow days later a little fish-like body may be seen

moving within each gelatinous sphere.

() The little fishlike tadpoles escape from the eggs, and

cluster round the outside of the gelatinous mass.

FI0, 64.—STAGES IN THE DEVELOPMENT OF THE TADPOLE PREVIOUS

TO HATCHING,

2. The tadpoles.
(a) At first these have no mouths, but are still supported

by the remainder of the *yolk-food’ within their
bodies; and they oling to oxternal objects by means
of a pair of suckers on the under surface of the head.
They breathe by branching, tufted gills at the sides
of the neck.

(b) A few days later the mouth is formed, and the tadpole

(c

+(d) A fold of the skin covers the

commences to feed on vege-
table matter, secured by the
aid of its horny jaws.

Four slits are formed on each
gide of theneck, The margins
of these slits become folded,
and form internal gills, while,
at the same time, the external
gills gradually decrease and
finally disappear.

gill-clefts on each side, but

leaving an opening for the
esc:;g of water on tho left T, $5—GEOUE oF wuwLT-
side only. Water is now taken  gugmruy zNiARGED,

into the mouth for respiratory .
purposes, and this, after bathing the gills on both sides,
and giving up dissolved oxygen to the blood, passos out

through the opening on the left side.

{¢) The tadpole is now much larger, and the hind legs begin
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to appear. The fore limbs are also developing, but they
are, a8 yet, hidden beneath the skin.

(f) The hind legs are well formed, and the front ones appear.
At the same time the lungs are forming™; and, for a while,

KT/ -

FI0. 66.—STAGES OF THE TADPOLE,

the tadpole is breathing both by lungs and gills, coming
occasionally to the surface for a mouthful of air.

(9) The tadpole casts its skin, and, with it, its internal
gills, so that it now breathes by lungs only, obtaining

ame

F10. 67.—YoUNu FRoGS,

sl its oxygen direct from the atmosphere with the
exception of some that is absorbed through its skin
from the water.

{h) The mouth is now wider, with well-formed jaws, and
the animal is much more froglike. The tadpole has
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also changed its food from vegetable to animal
matter.
(s) The gill-clefts close up; the tail gradually disa
by absorption; the hind legs become Vt;yry lonl;p::;
strong ; and the creature, now a frog, leaves the water
to search for worms, insects, &c. on land.
Some of the changes noted above are to be observed only with
theaid of a lens ; and while the younger children wall not be able to

F1a. 68 —THE COMMON OR SMOOTH NEWT—MALE (BELOW) AND FEMALE (ABOVE),

follow the whole series of events we have depicted, the senior
holars will g lly do so without dafficulty.

It should be noted, too, that the above summary of metamor-
phoses and development applies equally to the toad, there being
only slight differences in appearance m the tadpoles of the toad and
the frog.

When it becomes necessary to search for the spawn of the frog
and the toad in ponds more o less distant from the school, one may
often fail in obtaining eggs that have been very recently laid, snd
thus lose the chance of observing the earliest changes. This may
be avoided if the school garden is surrounded by s wall or & closed
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fenoe, 8o that the amphibians may be kept as permanent pets in
semi-captivity. In this case it is only necessary to construct a

116, 69,~THE GRRAT WARTY NEWT—MALE (ABOVE) AND FEMALR (BELOW).
REDUCED IN SIZE.

little artificial pond, which may be only a tub of water sunk into the
ground, and the frogs and toads will repair to it in early spring,
and deposit their eggs.

The changes through which young newts
have to pass are also very interesting, and
they present important features in which they
differ from those of the frog. The eggs uro of &
pale yellowish colour, ded by a g
envelope, and they are laid singly on the leaves
of aquatic plants. The tadpoles are of a pale
colour, with more elongated bodies than those

;o 70.—youxa Of frogs and toads. The external gill-tufte per-
Nawr, o‘m. l;._w sist much longer, too, even after the limbs
Yous rax sy, heve appesred. The front legs also appear

hefore the hind ones, and the tail is retained in
the adult as the organ of locomotion in water.
Since the eggs are laid singly they are not
to be found without a considerabl t of hing, and they
i:muld be looked for much later than those of the other amphibians.

DIBAPPRARANOR OF
THR BXTERNAL
GILIA,




SPRING STUDIES - 95

The easiest and best way to secure the eggs is to catoh some
adult newts with & gauze net, and put them in an aquarium pro-
perly supplied with aquatio weeds as described in Chapter XIII.
The deposition of the eggs may then be watched, as well as the
development, of the tadpoles afterwards.

(g) Reptiles

Reptiles do not, as & rule, d th lves to teachers as
objects that should be included in a school nature study course,
partly, perhaps, because of a natural aversion to them, or because
they are not generally well known. The British species, however,
molude a few oreutures that are decidedly very pretty, harmless,

and i ive, well adapted to a life of
semi- cn.ptmty. and readlly tamed.

There are not many reptiles in our country, and the complete
British list runs as follows:

1. Lizards.

(a) The common or viviparous lizard.
(b) The sand lizard.
(c) The blind-worm or slow-worm.

2. Snakes.

(a) The ringed snake or grass snake.
(b) The viper or adder.

Some authorities add to the above, the smooth snake, but this
reptile is very rarely seen in our country, and it is doubtful whether
we should regard it as & native.

Reptiles differ from amphibians in the p jon of a scaly
skin; and they do not undergo any metamorphoses, the young,
newly hatched from the egg, being of the same form as the parent.

Further, while the lizards usually have four limbs, eyelids, and
» notched (not forked) tongue, snakes have no limbs or eyelids,
and the tongue is forked, with two long, slender points at the tip.

The viviparous lizard is common in most: parts of the country,
on heaths, moors and sunny banks; yet it is not frequently seen
except bythoee who search for it and are acquainted with its habitats,
for, when sunning itself, it is generally very meonspwuous, ita colours

being such that they h ise with the ding herbage ; and,
when alarmed, it gets under cover so rapidly that there is hardly &
chanoe of identifying it.

If it is not desired to capture a fow of these lizards for olose
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observation in a school vivarium, their interesting habits may be
studied to a certain extentin the open. Having discovered one of the
haunts, walk very slowly and stealthily near the sunny side of the
clumps of furze or heather, or near the bank facing the sun, as
the case may be, and the little reptiles may be seen basking in the
sun with their bodies flattened above in order to catch as much of
the warmth as possible. They will generally remain perfectly still,
but sharply on the alert, while they are being watched at a distance
of a few feet ; but if threatened they will make a sudden dash for the
neighbouring cover.

They may often be caught in the hand, but they are so nimble
that some dexterity is needed ; and they are frequently preserved

e

FIQ, 71—THE COMMON LIZARD.

from this—the surest method of capture we can recc d—b
the prickly or bushy nature of the neighbouring vegetation.

It is only natural that those who are unacquainted with the
perfectly harmless character of the lizard should endeavour to
catch the oreature by the tail. This, however, must not be done,
for if it is, the creature will suddenly snap off that appendage and
make its escape, leaving the wriggling tail in the hand. The loss
of the tail is not such a serious matter to the lizard, for a new one
will grow, becoming almost as long and perfect as the original one.
This is & very common means by which a lizard escapes from its
enemies, and thus we can acoount for the rather large proportion of
lizards scen with a tail having dimensions something short of the
perfect one.

For a oloser study of the lizard it will be nccessary to capture
one or two and transfer them to a suitable vivarium. Instructions
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are given in Gmpm XIV for the preparation of their home and
for their lly. They b most i

pets, and very soon adn.pt themselves to their new oondmonn.
During the first fow days they will continue to be rather wild, and
will not allow themselves to be handled freely. Frequently they
will bite the fingers vigorously when caught, but their teeth are too
amall to penetrate the human skin, and therefore they are incapable
of doing theleast harm. In the course of a week or two, however, they
become so familiar with their owner that they no longer attempt
to escape when withdrawn from their case, and may then be allowed

F1d. 73.~THER BLIND-WORM,

to walk freely on the hand while they are being closely examined.
Their jaws are no longer used as a means of defence, they cease.to
snap their tail when held by that appendage, and will even take
their food from the hand.

The sand lizard is very similar to the common species in general
appearance and habits, but is rather larger, somewhat more * snap-
pish’ in ite nature, and very variable in colour. Some specimens
are decidedly green, while others are of a brownish colour, much
resembling that of the last species. This lizard is to be found
almost exclusively in the south of England, particularly in Hamp-
shire. It should be looked for in sandy places, but it does not
adapt itself so readily as the common lizard to a life of captivity.
The eggs of this species are laid in & hole which is scooped out of
the sand, and there they are left, with a slight covering of sand, to
be hatched by the heat of the sun.
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When searching sunny banks and hedgerows we may often meet
with the pretty little blind-worm or slow-worm, basking in the sun
aftqr the manner of the other lizards, sometimes even on the top
of & furze bushor a tuft of heather. It may be caught in the same
manner as the legged lizards; but since it has the same habit of
releasing itself by snapping off its tail when caught by that part,
the precaution previously given must be observed. The blind-
worm comes out of its hiding place early in the morning, and makes
its meal of small slugs, worms, etc. ; and towards the latter part of
the day, and often during the heat of the day, it retires to a hole in

FIG. 73.—THE GRASS SNAKE OR RINGED SNAKE,

the ground or under the shelter of astone. Insome parts, particularly
in the south, large numbers may be taken by turning over loose
stones on sunny chffs and stony banks that are not much frequented.

The blind-worm is & very interesting pet for the vivarium. It
seldom attempts to bite, and when it does the bite is feeble and
harml Like the lizard, too, it rapidly adapts itself to
a life of captivity, and will accept its food from the hand after only
a few days of confinement.

We need hardly give detailed accounts of the habits and move-
ments of the creatures we have named ; for, with the hints offered
above and in Chapter XIV, there ought to be no considerable
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difficulty, as a rule, in procuring and managing them ; and the rest
is simply a matter of careful observation,

It is quite possible that the reador is to be counted among thoso
who have such & natural aversion to snakes in general that they
would not entertain tho idea of procuring and keeping such reptiles,
or of bringing them to the notice of children. But we see no reason
why the study of snake Life should be totally neglected. These

I3 possess intoresting foatures that are entirely their own ;
and though one might not willingly watch their apparently cruel

F16. 74.—~THR VIPER OR ADDER,

mode of disposing of their proy, yet their other habits are not all
objectionable,

While children in town schools will find much to interest them in
the movements and ways of snakes, it is really essential that country
children be so well acquainted with our British species as to be
able to distinguish bet the harmless and the

The grass snake is a protty and perfectly harmless creature,
and yet the majority of those who meet with it in the open consider
it their duty either to run away from it or to destroy it. Even the
venomons viper does not deserve the latter treatment. It will never
attack a human being as long as it has a ohance of escape, its venom

B2
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being used only to kill its proy and to proteot itself when hard
pressed. R

Both species-are- very common in many parts, and therefore all
vouniry children‘(and town children who visit the country) should
be 8o familidr with them that they can identify them at & glance.

The grass snake, which grows to a length of three feet or a
a little more, may be seen sunning itself in spots that are not far
removed from water, and ofton in the water iteelf, where it swims
with a waving motion of the body. It may be distinguished from
the viper by the yellow patch just behind the head, and by the
absence of black markings down the middle of the back. When
captured it will hiss and also eject an ovil-smelling fluid as a means
of defence; but it never bites, and its teoth are too small to
penetrate the skin if it did.

The viper is a smaller enake, seldom growing much over two
fect in length. It has a black V-shaped mark on the head, a
conspicuous, zigzag, black line down the middle
of the back, and a short, tapering tail.

Its weapon of defence and offence is not a
sting, but a pair of long teoth or fangs in the
upper jaw. These fangs are on movable joints,
are depressed against the jaw when not in use,
and erected when required for action.

When an adder is about to attack, it opens
its mouth to a very wido angle, and then strikes
(not bites) its victim with its upper jaw,
driving the fangs into its flesh. At the base of
each fang is a poison gland, and the venom
produced by the latler passes down a little

' canal in the fang, and then into the wound.

mo::,w We do not recommend that a live viper be

kept in a vivarium for the observation of
children unless the teacher who introduces it is thoroughly familiar
with snakes, and keeps his specimen securely locked up; but
there is no reason, it seems to us, why the grass snake should not
be so kept. It soon becomes very tame, so much so that it will
allow itself to be handled freely without making any attempts
to escape.

All neoessary instructions are given in our chapter desling with
the vivarium, and the creature’s habite should be made a matter of
direot observation as before suggested. In order that its means of
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locomotion may be understood, howeven,.we will call attention
to the very large, overlapping scales on the under surface of the
body. These have their free edges directed,b , and each
one is attached to & pair of ribs by which it et Ry meyg”
the snake pushes itsclf along the ground or el I8

by means of the edges of the lower scales, but it wi

that the creaturo is greatly assisted in its progress, whether along
the ground or climbing among the herbage and bushes, by the
manner in which it curves its body.

Whore the school garden is enclosed by & moderately high wall, or
a closed fonco that admits of no outlets, lizards and harmless snakes
may be kept in a condition of semi-captivity. This is undoubted,
the best way of keeping such creatures under observation, for, the
conditions under which they live being an approximation of thoss
which obtain in Nature, their habits will also be approximately
normal ; and the children aro sure to take great interest in scarching
out the animals from time to time, and watching their movements.

If this plan is to bo carried out, build up a loose rockery of piled
stones in a sunny corner, surround it with & liberal growth of
small perennial shrubs, such as furze, bramble and, if possible,
heather, and allow the grass and other weeds to grow as they will.
The corner itself should not be watered other than by the rain,
but sink a shallow pan or other vessel into the ground to provide
a little water for drinking and bathing.

It should be remembered, however, that lizards are good climbers,
and can easily scale an ordinary wall ; also that snakes will readily
escape if & tall herbage or shrubby growth is present to assist
them in their upward progress. To prevent such escape of the
captives, allow no vegetable growth to reach within several inches
of the top of the wall, and place on the latter a coping of slates
or other material that projects a fow inches on the inside.

Frogs, toads, newts, and various other creatures may be similarly
kept in the school garden, but the amphibians and other animals
that require protection from the direct rays of the sun should have
their rockery and surrounding herbage in a shady corner.  Of course
we can hardly hope to give here ample instructions for the care
of alt creatures that may be chosen for such a life of semi-captivity,
but there will be, as a rule, no difficulty in ensuring suocess if we
make it a point to follow Nature—to keep each animal under
conditions approximating, as near a# possible, to those under which
we find it in its wild state,




(b) Birds

Leaving, for the present, the study of the géneral structure
and habits of birds, we will deal befly here only with certain
occupations connected with bird Life that belong especially to
the spring season

The many species of birds that find a place in the British list
may be roughly classified into (1) the remdents, which remain

16, 76.~THE SONG-THRUSH—ONE-QUABTER NAT. SLZE,
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especially during prolonged frosts, and so are constrained to approach
the dwellings of man both for food and shelter.
Such birds may be encouraged to frequent the neighbourhood

F10. 78.~THE GREAT TIT-—ONE-TEIRD NAT. SIZE,

of our houses by placing one or more feeding tables in suitable
positions, and keeping the same supplied with food adapted to
the requirements of the birds we hope to entice, k:gethu with a
shallow vessél of clean water.
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Very good feeding tables may be constructed by fixing t..
end of & broom-handle in a hole bored in & wood slab measuring

F16. 79.—A FEEDING TABLE FOR BIRDS,

about a foot square, and shaving off the other end to & point for
driving into the ground.

The finches and other hard-billed birds may be attracted to ‘the
table by means of a supply of breadorumbs and mixed ‘ bird-seed,’
while the insectivorous species will show their appreciation of
chopped meat, or of a bone with a little meat on it. The pretty
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li_ttle blue-tit will pay frequent visits to a piece of fat meat or bacon-
rind suspended by a string, or half a cocoanut similarly attached

to the branch of a tree.
In short, having ascer-
tained, by experiment, or
from other sources, the
nature of the food of birds
that frequent the neigh-
bourhood of the school,
much may be done dur-
ing the winter and early
spring to encourage them
to come within the range
of easy observation.

A little later in the
season, when the summer
visitors begin to arrive,
and when preparations
are being made for the

F10, 80.—THE WREN—ONE-QUARTER NAT, SIZE,

broods of young, & great many interesting observations may be

F16. 81.—THE SWALLOW—ONE-QUARTER KAT. STZE.

carried on, especially by the children of schools in the country
and on the outekirts of towns.
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Children should be encouraged to watch the birds closely -at
this season. They should endeavour to identify those which are

F10. 83.—THE SKYLARK—ONE-THIRD NAT. SIZR.

seen sufficiently near for this purpose—to know. them by their
size, form and colour, by their mode of progression on the ground,
by the peouliarities of their flight, and by their song.
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* The arrival of the summer visitors will be noticed, and the
dates of the first appearances entered in the nature diary. Similar
entries will also be made of the observations relating to the nestmg,
including notes on the materials collected by the various species
for the construction of their nests, and the manner in which these
materials are secured

In many cases it will be easy to follow the flight of the old birds,
and 8o to become acquainted with the site of the new home. The

F16, 84.—THE BARY OWL—ONE-SEVENTH NAT. BIZE.

building of the nest may then be watched day by day, or as oppor-
tunities arrive. The building over, note may be taken of the
dates on which the eggs are deposited, the date when the young birds
appear, and the whole progress of the young till the time when they
entirely discard their temporary home. During this season the
movements of the parent birds are also peculiarly interesting. The
part taken by both male and female parents in the charge of the
nest and in the, feeding of the young ones should be noted, and
also the mwrestmg movements of the parents as they teach their
family to shift for themselves.
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The examination of birds' nests during the breeding should be
conduoted with great oare, for many bu-ds will entirely forsake
the neet if frequently disturbed, more especially if the nest itself
and the mn'onndmgs show signs of interference.

The few illustrations interspersed in this seotion will enable the
reader to identify some of the common birds that frequent the
neighbourhood of our dwellings.

(i) Mammals

Mammals may be studied almost continuously throughout the
year, but during the spring we commence, or resume, our observa-
tions of the wild species that have been but little seen during the
winter months, partly on account of their hibernating habits, and
partly because our outdoor studies have been greatly retarded by
uncongenial weather.

It is common to confine the school studies of mammals exclu-
sively to the domestic species and others that are kept in a state
of captivity. This, we think, is quite & mistake, at least as
regards those schools which are within easy distance of fields and
woods.

Children should be encouraged to search for some of the few
small wild mammals we possess, in their haunts; and, having
discovered them, to remain quite still for a time, in some place of

Iment, watch their ts, and end to trace them
to their dwellings, thus discovering the nature of their homes and
the manner in which they bring up their young ones. In this
way children may learn many interesting things concerning our
wild creatures that could not be learnt in any other way.

Several of our wild mammals produce their young in spring
and early summer, and during this nursing season they may be more
easily watched than at any other time, for they will never stray
far from their homes a8 long as they have their young to protect
and feed. The old hedgehog may be followed to her nest containing
& number of little ones as yet with & smooth and spineless skin ;
and if observed from day to day she will become so familiar with
the monster who watches her that, after a time, she takes but
little notice of the intrusion to her beat and her nest. Squirrels may
also be traced to their nests in the trees, and watched as they
repair to their winter stores of food not yet exhausted ; and the
frolics of the young ones may be observed as they chase one another
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among the branches, These and many other similar observations
belong essentially to spring and early summer,

Special attention should be called to the play of young mammals,
and the children should note that the movements mado by the
young of each species in their frolics are exactly those on the skilled
performance of which the mature animal owes its very existence.
Thus, the young lamb skips, training itself for the jumping that
becomes necessary, at least in the wild state, for the tufts of scanty
herbage that grow on mountains, precipitous hills and cliffs. The
play-movements of the kitten also provide the precise training
required by the cat in the capture and disposal of its prey.

In Chapter XVI we give some practical hints relating to the
management of those species which it is desired to keep in
captivity for more detailed and continuous study.

4. THE SKY AND THE WEATHER.

Many of the features of the sky and the weather are of such a
general nature that they may be studied almost equally well through-
out the year. Of such are the changes of the moon, the observation
of the planets #s they become visible, the apparent movements
of the heavenly bodies due to the rotation and revolution of the
earth, including the division of the visible stars into two groups—
those which rise and set, and those which never set; also the
study of winds and clouds, sunshine and rain, ete.

During the spring, however, special attention should be drawn
to the apparent variations in the path of the sun. Let the children
make all their observations from the school or from some other
suitable fixed position, and note the point on the horizon, located
with the aid of some more or less conspicuous landmark, at which
the sun rises, the height of the sun at mid-day, and the point on the
horizon where he sets. These observations should be entered in the
nature note-books, and compared with the results of similar observa-
tions pade on other days, at fairly regular intervals, as the spring
advances. Such observations will, of course, be more or less inter-
rupted by misty or cloudy days, but sufficient opportunities will
ooour to provide all that is required to give a general ides of the
apparent movements of the sun, to work out the causes, and to
study the effects. Let them see olearly that, other conditions
being the same, the ¢ th of the sun’ i with the altitad:
of that body in the eky.
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Even the youngest children may take part in observations of
this kind, and note how we are affeoted, in a general way, by them ;
while the senior classes may, with the aid of a globe or a ball to
represent the earth, and a distant, fixed point to denote the position
of the sun, be led to work out the causes of the apparent movements
observed.

The elder children, too, should be taught some simple method of
measuring, approximately, the altitude of the sun or other heavenly

body. Thus, &

Verynarrow paper

/ tube may be

/) fastened in such

g a manner that it

can be made to

revolve on a point

at tho edge of a

R level table or

/ | { bench. This tube,

S used after the

manner of a tele-

scope, is placed in

such a position

that the body in

question may be

seen on looking

through it, and

the angle between

- it and the level

P10, 85.—SIMPLE ARRANGRMENT FOR FINDING THE ALrmtopg table-top, —repre-

OF A HEAVENLY BODY., | senting the alti-

tude of the body

under observation, may then be read off on a large protractor.

We need hardly mention that when such an observation is being

made of the sun itself, the eyes should be protected by means of a
piece of deep blue or smoked glass.

Again, while even the young children are made to observe that
the lengths of shadows d as the altitude of the sun increases,
the senior scholars will be taught to make fairly accurate measure.
ments of the altitude from the length of the shadow of an upright
stiok, such shadow being made to fall on a level surface.

Further, while younger children may be able to grasp some
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elementary notions concerning the nature of the stars—that they
are immense, intensely-heated globes like our sun, at such enormous
distances from us that they appear as mere points of light; that
they are, in fact, distant suns, probably, for the most part, like our
sun, the centres of other systems of worlds resembling the system
formed by our sun and the earth and other planets revolving round
it—the elder ones may be taught to recognise some of the principal
oconstellations or groups of stars, to call them by their names, to
note how they all revolve round tho pole star as & centre, and to
observe that while some of them, in the course of their daily revolu-
tions, always remain above the horizon, so that they are visible on
all olear nights throughout the ycar, others revolve in larger circles,
rising and setting like the sun itsclf.

Then, as the season advances, the elder scholars will note that
these rising and setting constellations appear to change their posi-
tions a little, night by night, on account of the annual motion of
the earth round the sun; that some, visible just above the horizon
during early spring, cease to appear as timo goes on, and remain
beyond our view until the end of the year or the beginning of the
following year, while new constellations make their appearance
a8 the former disappear. The scnior scholars will then attempt to
work out the explanations of these apparent movements of the fixed
stars, under the guidance of, and, as 'y, with the assist
of, the teacher; and thus they will be led up to the uses of the
astronomical globe, star maps, and the stellar planisphere.

Of oourse we are aware that many teachers, admirably qualified
for their work in a general way, are not sufficiently acquainted with
the elementary principles of astronomy to deal confidently with
some of the matters to which we have referred as suitable for the

igation of senior scholars; but the teacher who is interested
in Nature, and loves to help in the expounding of her works, will
find it no hardship to devote a small amount of time to the study
of certain branches of the subject in order that he may be better able
to open up the minds of the children under his care.

As to the study of the weather, there is little peculiar to the spring
seagon beyond the gradual increase in temperature due to the in-
creasing altitude of the sun and the gradual lengthening of the days,
interrupted or modified at times by other factors that help to
determine atmospheric conditions; so that the general remarks
made on the etudy of the weather apply equally to this and the
other seasons.
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Attention will be called, h wthe' teristios of the
spring showers, and to the rainb which o frequently y
them. As regards the latter, although almost everybody (we
have met with many children living in densely-populated cities and
towns who have never seen a rainbow) is familiar with the appear-
ance of the rainbow, comparatively few persons have noted the
exaot conditions under which it becomes visible to us. Hence

FI10 86, —DIAGRAM ILLUBTRATING THE CONDITIONS UNDER WHICH THE
RAINBOW 18 FORMED.

8, rays from the sun, p and n, ramdrops; O, tho observer,
The outer and larger is the fainter, secondary bow.

the following points should be worked out as far as they fall
within the capacities of the children :

1. A rainbow is produced wh the direct rays of the sun
fall on raindrops.

2. It is seen under the following conditions: We stand with
our backs to the sun, and rain is falling in front of us, but not
necessarily on the apot where we stand.

3. If one bow only is visible, the colours are always in the same
order, with the red outside and the violet inside.

4. When, as ocoasionally happens, we see two bows, one within
the other, the outer or secondary one is much fainter, is made up
of the same oolours, but the order is reversed.

5. That the rainbow encloses the base of a cone of which the
eye of the observer is the apex ; and the axis of the cone is parallel
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to the sun's rays. Hence, the lower the sun, the higher and
larger is the bow.

These conditions may be verified on any bright day by the
formation of an artificial rainbow in the school playground. This
is easily done, where the water-pressure is sufficient, by sending a
fine spray from the garden hose high into the air.

The senior children may also be shown simple experiments illus-
trating the decomposition of light by means of a glass prism, and
the reflection of light by means of a mirror; and thus they may
be led to understand how that the light, decomposed as it enters the
raindrops, is reflected back to them from the insido faces of these
drops.
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SUMMER STUDIES
1. GENERAL REMARKS

SuMMER is the season of tho greatest profusion of both animal
and vegetable life. The lated energy Iting from the
great length of the days and the great altitude of the sun not only
produces an abundance of living ¢hings, but also gives rise to the
general activity and rapid development which characterises this
period of the year.

No difficulty will now be experienced in the collection of suitable
material for nature lessons given in the school ; and the profusion
of living things, both of the animal and vegetable worlds, is so great
that the teacher will often find it necessary, during the progress
of outdoor work, to guard against indiscriminate collecting and
aimless observations.

2. Prant Live
(a) Wild and Garden Flowers

At this season of the year, when so many plants are in their
mature condition and flowers are to be found in abundance, much
time may be spent in studying the general build of plants and their
habitats and habits,

The greater part of this work should be carried on, if possible,
out of doors, either during the rambles of the children or in the
school garden; but when the weather or other circumstances
preclude outdoor studies, whole plants may be examined within
the school with the object of noting the various pom and their
arrdngement.

The study of plants thus isolated from their naturalwmnndmy
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is, however, far less instructive and much less interesting than the
study of the same spocios in their natural habitats, and every avail-
able opportunity should be secured for the observation of plants
under their natural conditions, evon if there is no better * fiold’
than o patch of waste ground, & weedy wayside, or the neglected
corner of a garden.

10, 87.—THE COMMON MALLOW.

Although we do not wish to discourage the careful cultivation
of garden flowers, especially with regard to those localities where
horticulture is one of the supporting industries of the inhabitants,
we feel bound to state that the child will get a far truer idea of the
interesting habits of plants by the thoughtful observation of a wild
patch of ground than by the study of many of the florist’s produc-
tions. In fact, many of our valued garden flowers sre so altered by

12
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the florist’s art that their original characteristics are to & great
extent destroyed. Thus, the standard rose, although an object of
great beauty, is & mere monstrosity, retaining but little of its
original form and habit, with no power of reproducing its species ;

while the common dog-rose of our hedgerows is rendered very
interesting by its climbing habit as it struggles upward among the
surrounding shrubbage for its share of light and air, and its besutiful
flowers are perfect in all their parts, giving rise to interesting
clusters of fruits in due season.

Agsin, among the wild flowers we are able to witness the many
interesting ways in which the plants have to struggle for their
existence, to soe how the battle of life terminates in the survival of



the fittest, and to
note the ways in
which various species
protect themselves
from their foes ; while
in the well-kept gar-
den the conditions of
growth are so altered
that tho above fea-
tures aro to a great
extent lost. Yot
there is certainly
much to be learnt
from the ordinary
garden of cultivated
flowers, shrubs and
trees. If the chuldron
are allowed to do the
whole work of tho
garden themselves—
if thoy are taught to
study the soil, to
prepare it for the
flowera or crops, to
watch the effect of
the application of
both organic and
mineral manures and
* fertilisers,’ to rawso
plants from their
soeds, to attend to
the thinning and
transplanting, to
watch the effects of
the pruning of bran-
ches and roots, etc.,
they will learn a
groat deal concerning
the nature of plants
and of the conditions
that affect their

SUMMER STUDIES
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110, 91,—1HE TEAREL.

growth and productiveness,
and will, at the same time,
gan  much knowledge that
will bo useful to them in the
future.

As we previously hinted,
there is much to be learnt
by tho observation of wild
Nature during school rambles
that cannot be learnt in
the cultivated and woll-kept
garden, and we shall now
deal with some of tho moro
prominent features concorning
plants to wluch the particular
attention of the cluldren may
be directed.

First, then, as regards
the habitats of plants, we
should be careful to soe
that the soil and the situ-
ation of each specios are
noted. Some plants will
grow in almost any kind of
soil ; others are very partial
to one particular class of soil
but are not restricted to it;
and not a few are to be
found always on the same
kind of ground and are there-
fore more local in their dis-
tribution. Buch observations
should be entered in the
children’s note-books, and the
scholars should also be en-
couraged to classify the species
obscrved according to the
situations in which they
generally occur, associating
them respectively with the

meadow, the river-bank, the
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marsh, the wayside, tho shady hedgerow, the sunny bank, the
wood, the moor, ete.

The senior children may also bo taught to note how cortain plants
are peculiarly adapted to the situat in which they occur, and
to observe how the same species will vary n structuro and habit

10, 93.—THE BAGWORT,

when it grows in different situations. Thus, they may be led to
80 that certain plants which grow on walls, roofs, cliffs, and other
very dry places, produce very thick, fleshy leaves which store
much moisture to enable them to live through periods of drought;
and that when theso same species are’ seen in moist situations
where the necessity of storing moisture no longer obtains, the leaveg
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become thinner and less
succulent. As another ex-
ample we may mention the
common rest-harrow, which,
in dry situations, has many
very short branches, termi-
nating in a thorn, and also
very small leaves, so that
but littlo surface is ex-
posed for the transpira-
tion of moisture; while
in moist situations the
same plant produces well-
developed branches and
larger leaves.

As a part of this same
study tho childron will
note that cortain different
specics of plants are fre.
quently to be found growing
together, and they will
endeavour to determine
whether, in the case of
two or more species thus
associated, the association
is advantageous to either
or both. It is probable,
for example, that the white
dead-nettle, so often seen
accompanying the stinging-
nettle, is to & great extent
protected by its resem.
blance (as far as the leaves
are conterned) to its virulent
companion.

The study of plant
associations is a very en-
gaging one, and the teacher
will do well to direct
special attention to it, for
it presents to us many
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interesting problems, solved and Ived, all of which afford much
food for thought.
Let the children distinguish bet the erect, decumbent,

prostrate, trailing, and chmbmg plants, noting, in each case, how
the plant manages to secure the necessary supply of light and air.
Runners and prostrate and trailing stoms should be traced with

FIG. 96.—THE YELLOW TOADFLAX.

the object of noting to what extent extra roots are produced for the
absorption of moisture from the soil.

Climbing plants in particulsr will afford & vast amount of useful
study, especially if their habits are watched at frequent intervals
from their soedling stages, at which time they are generally quite
erect, and show no trace of their future climbing habits. We cannot
‘mmpttogivoheu-dmnpdw‘omntofthomynylin
which the weak d plants support themselves, but we give an
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outline of the principal observations that might be made with regard
to them.

1. Twining stems, 88 in the hop, convolvulus, honeysuckle,
black bindweed, etc. The direction of the spiral—right-handed
or loft-handed. The formation of ‘ ropes ’ for mutual support when
no other support is near. The revolution of the tip of the stem

1
el

) ;&*r (A

Fig, 97.—Tur KIDNEY VETCH. F1o, 93.~THE MELILOT,

when seceking an object on which to climb. The behaviour of the
plant when it fails to find such an object. Interesting experiments
might be made with the view of determining the size-limit (diameter)
of the prop round which the stem can form its spiral, and also to
test the limit of the inclination of the axis of the spiral in any one
species. (Some will climb round horizontal supports ; others only
along props that do not deviate beyond a certain angle from the
vertical line.) (Figs. 100, 101, and 102.)

2. Tendrils, as in peas and vetches. The direction taken by
the tendrils. Their sensitiveness to touch. Note whether the
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tendnils are modified stems, or leaves, or flower-stalks, or leaflets of
compound leaves.

3. Twining leaf-stalk, 8s 1 tho wild olematis. (Fig. 103.)

4. Clhinging suckers—the 1vy.

5. Supporting prickles (outgrowths of the epidermis) curved
downwards to form hooks, as n the dog-rose.  (Fig. 104.)

£ )

¥1a, 99.—THE BLACK KNAPWEED

6. Supporting bristles on stems or leaves, or both, as in the
goose-grass. (Fig. 105.)

In all the above cases the children should discover, in the slender
stems, the necessity of the climbing habit in enabling the plants

d to pete with their neighb in the fight for light
and air.

The manner in which many plants protect themselves from their
herbivorous and other enemies will form another useful study—
the thorns and prickles which prevent certain species from being
trodden down or devoured, the hairs which prevent the passage
of slugs and snails that would eat the leaves or flowers, and the
objectionable tastes and odours and the formation of poisonous
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products which also serve to p d ion by herbi
oreatures. The elder chﬂdren mlght also be taught to obeerve
that thorns are modified b that are

from buds, but which, though they sometimes give rise “to other
buds and leaves, gradually taper off to a sharp point ; that spines
are projections from leaves, or even complete leaves from which the
blade has disappeared ; that priokles are mere outgrowths of the

F10. 100,—STEM OF THE BIND- 16, 101.—8rEM or TEE HOP, TWINING
WEED, TWINING TO LKFT. T0 THE RIGHT.

epidermis, with no fibres continuous with those of the structure
on which they grow, but are easily detached, leaving a clean scar ;
and that hairs and bristles are modified oells of the epidermis.

The forest trees and shrubs bemgnowlllmfulllenf,md
berb tation in its g jon, this season is
decidedly the best for the study of the forms of leaves, and of the
different ways in which the leaves are disposed.

As regards their forms, the ‘difference between simple and
ocompound leaves (Figs. 107 and 108) should be pointed out, and all
the gradations between the two, from the entire or slightly cut margin
to the completely divided blade. The self-clinging Virginian
80 largely grown in our towns, affords Auplend!dumplod th
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transition from the simple to the compound leaf, for both, together
with intermediate stages, are all to be found on the same tree.
Attention will also be called to the different kinds of surface exhibited
by leaves, including their clothings of bristles, hairs, down, ete.,

F10. 102.—STEMS OF THE HOP TWINING ROUND ONB ANOTHER.

and attempts will be made to solve the problems connected with
the ‘uses of such clothing to the plants concerned.

The study of the arrangement of leaves is even more instructive
and, considered in conjunction with the fact that the leaves are
the factories in which the various compounds required by the
plant are built up under the influence of sunlight, this becomes
» most important and interesting matter for close and thoughtful
obeervation.

Here, again, it is impossible to give a detailed account of
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the ways in which plants dispose their leaves, but the following
is & summary of some of the more interesting observations that
might be made.

Fro. 104, — PRICKLES OF THE
WILD ROSE.

1. In many her-
baceous plants the lowest
leaves are largest, or
have longer stalks, so
that they are not shaded
by the leaves above
them. The upper leaves
are also directed up-
wards, while the lower
are horizontally  dis-
posed, and thus the
former do mnot over-
shadow the latter.

2. When tho leaves
of a plant are mainly
or entirely close to the
ground, they are usually
arranged in the form of a
rosette, with little or no
overlapping. (Fig. 109.)

3. Where the top
leaves are rather densely olustered,
they are also arranged in a rosette,
without much overlapping, (Fig. 110)

4. The leaves that are supported on
an erect stalk, if not much divided or
cut into, are usually disposed along
spiral curves, by which arrangement
they receive the maximum of light.
If, however, the leaves are much
divided, so that light can pass freely
between their lobes, there is no neces-
sity for duch an arrangement.

5. In very leafy trees, such as the
beech, the upper branches are directed
upwards, the next obhqnely, and the
lowest h

ment by which the leaves secure & maximum of light.
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6. The arrangement of leaves on vertical stalks is different
from that on horizontal stalks of the same plant or tree, the difference
being again brought about in order to expose the greatest possible
leaf-surface to the light.

7. Interesting leaf-mosaics should always receive attention.
In the elm and the beech, for example, we note leaves of different

10, 105.—~THE GOOBEGRASS,

sizes, so disposed that one does not overshadow another, and
leaves are often turned backwards away from the tip of the twig,
in order to fill in spaces left between other leaves, rather than to
lio above or beneath them. Some of the most striking examples
of leaf-mosaics are to be found in woods and other shady places,
where every effort has to be made to secure sufficient energy from
the sun. (Fig. 113.)
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Under the influence of the sun’s light and heat, the summer
leaves are rapidly building up various organic compounds from
the simpler mineral compounds absorbed from the soil and the
carbonic acid gas taken in from the atmosphere. In many cases
the material manufactured is more than is required for the imme-
diate needs of the plant, and oonsequently is stored for future

Ld 10, 106,—THE WEITE BRYONY, THE TENDRILS OF WHICH
ARR MODIFIED STEMS.

consumption. The observations of children should be kept alive
to this matter of storage, especially as regards biennial and perennial
plants ; and they should be directed to note the stores laid up in the
thickened root-stooks, tubers, corms, rhizomes, bulbe, ete., during
the summer months,

‘We now come to the consideration of the flowers, the beautiful
forms and oolours of which are so attractive that they are frequently,
but wrongly, studied without regard to the nature of the plants
to which they belong, and equally regardless of their habitats.
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The parts of the flower, their arrangement, relative positions
and uses should be studied with due regard to the age and !:;::wity
of the children; and since the functions of the various parts are

¥10, 107,~VARIOUS FORMS OF SnMPLR LEAVES.

Ba

FI0, 108.~0OMPOUND LEAVES.

not always to be understood without a careful observation of the
development of the flower, the gradual unfolding and maturing of
the latter should be carefully watched either out of doors or by the
observation of plants that are grown in the school.

Technical terms need never be introduced. With the younger
children they should never be used; but rather encourage the
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FIG 109 —ARRANGEMRNT OF THE LEAVES OF THE SMALY FLOWERED CRANE £-BILL.

P16 110 —LEAVES AT TER TIP OF A SYCAMORE BRANCH,
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children to deseribe
what they see 1n their
own simple’ language.
Let them give their own
names to the parts
described,  correcting
them only when such
names are INAppropri-
ate. Adopting this plan,
the teacher will often
find that the younger
scholars will it upon
simple names even more
appropriate than those
he himself would sug-
gost.

The younger children
may be made to under-
stand something of the
use of the pollen cells
and of the ovules within
the ovary—the necessity
of the former in causing
the development of the
latter, and simple expen-
ments (such as the removal
of the anthers before the
pollen cells are set free,
together with the exclusion
of msects by means of
gauze coverings) may be
made to demonstrate the
function of the pollen;
but the more detailed ac-
count of pollination and
fertilisation should be left
for the consideration of the
senior classes.

During the study of
flowers out of doors, all

4 the children should be
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encouraged to watch bees and other insects at work; but while
the httle ones will get only very rudimentary ideas concerning tho
work of the insects in the transmssion of pollen from flowor
to flower, the eldor children will note how some flowers arc

|
|
|
e
:

113.—A TwiG OF THE HAZEL, SHOWING THE ARRANGEMENT
OF THRE LEAVES,

80 constructed that certain species of insects only can effectually
work for the good of the flowera in question, that many flowers
are specially provided with the means of attracting the yery
spocies which work for their good, and that the relation
between the flowers and the insects attracted by them is
usually one of mutual benefit.
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This subject of the relationship betwoen flowers and inseots
is 8o full of interest, and presents so many varied aspects, that
the teacher who is not well acquainted with it will do well to study
the matter from one or moroe of the many good books dealing with
this topio, in order that he may be botter prepared to answer
the numerous questions that are likely to ariso from enthusiastio
and thoughtful scholars.

F10. 114.—THB HAREBELL.

The distribution of pollen by means of the wind is another
matter for careful study. The children should be led to discover
the features by which we can distinguish between the flowers that
are aided by insects and those which are not. They will note,
in the latter, the absonce of gaudy colours, the absence of
nectar, and the presence of an abundant supply of pollen to
compensate for the waste that must necessarily accompany wind-
distribution.

During the examination of flowers the younger children should
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never bo allowed to pull their specimens to pieces; and the dis-
section of flowers is seldom necessary with the elder children unless
they are sufficiently advanced to make a study of the relationships
of plants as far as they are revealed in the number, form, struc-
ture, and arrangement of the floral organs, in which instance the

F10. 115.—THE TORMENTIL,

neocossary dissections should be carried out in a systematic manner
with every attention to accuracy and neatness, so that the work
performed may be of additional valuo as a training towards acquiring
manipulstive skill.

Finally, as rogards the outdoor study of flowers, whether pursued
during school hours under the supervision of the teacher or in
the children’s own spare time, the note-book should always be
used for the purpose of recording the chief points of interest con-
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nected with the species seen, and of making skotches to illustrate
the more interesting features of their structure. For this purpose
perhaps the best kind of book is one in which leaves of ruled writing

F10. 116.—~Tae WOUNDWORT.

paper and drawing paper alternate. The former may be divided
into columns headed as follows—

1. Date,

2. Name of flower,

3. Where found,

4. Soil,

5. Remarks,
and the sketchos will be mado on the opposite page of drawing paper.

The illustrations accompanying this chapter will enable tha
reader to identify some few of our coggmonest summer wild flowers,

(b) Forest Trees and Shrubs

All our trees and shrubs are now in full leaf, Some have
long since produced their flowers, & few are in flower, and in the
majority of them the fruits are reaching maturity.
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The following is & summary of the principal occupations during
the summer rambles.

1. Observe the trecs from a distance in order to study their
general form and appearance.

2. On & nearor approach, observe the nature of the bark, the

mode of branching, the direction of the higher and the lower branches,
and the forms of the leaves.

8. Study the nature of the developing fruit in casee where
such is to be found.

¢ Note the positions of the buds—terminal and axillary—
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which are destined to produce new branches in the following
year,
5. The sonior children will learn to distinguish between true
fruits and those structures which, although apparently fruits or
parts of fruits, are really developments of parts of the flower other

e
2HE

F1a, 118.—THR WILD CARROT.

than the ovary. They will note, for instance, that the prickly
mast surrounding the beech fruits (nuts), the woody scales of the
fruiting catkins of the alder, the leafy structures behind the fruits
of the hornbx and the cupules of acorns are mot parts
of the respective fruits, but are modified scales or bracts of
the flowers.

When passing & woodman at work among the trees, or the
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sawyer engaged in his pit, the children will make use of tha. oppor-
tunity of studying the wood of the felled trees, and pax’awla..rly
of noting the transverse sections of the trunks and branches which
teach 80 much concerning the growth of the trees.

T |

s b et e

FI6. 119.—THE WOODY NIGETSHADE.

. (c) Plant Activities

-~ We suggested, a3 suitable occupations for' the spring soason,
simple experiments for the investigation of the absorption of water
by roota, the transpiration of water by leaves, and the direction of
the flow of the sap in trees. These pations may be repeated
in the summer if such repetition is considered advisable, or may
be performed during the summer months if they were omitted in
the spring, :

To theee may be added other experiments demonstrating the
formation of organic products in the leaves, the necessity of light in




10, 131, —THE SMALL BINDWRED,
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connection with these functions, and the storage of the products
in roots, tubers, etc. Among such experiments the following may
be chosen.

1. Remove & leaf from a growing plant towards the end of the
day, the plant having been exposed to sunlight during the whole
of that day. Kill the leaf by immersing it in boiling water for one
or two seconds only, and then place it in methylated spirit, keoping

FIG, 122.—THE 80W THISTLE.

it in this liquid until all the green colouring matter (chlorophyll)
has been dissolved out, and the leaf has assumed a very pale colour.
Now put the leaf in & solution of iodine, made by dissolving a very
little iodine in & weak solution of potassium iodide until the mixture
is only of a pale sherry colour. The leaf now darkens to a bluish
colour, proving the presence of starch.

2. Cover the same plant witha box, to exclude all light, for about
twenty-four hours, or place it in a dark cupboard for the same
purpose, and, at the end of that time, remove another leaf for
exactly the same treatment as the first. This second leaf does
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not turn to a bluish colour when treated with tho iodine solution,
proving that starch 18 absent. Wo thus prove that starch, formed
only during the exposure of leaves to light, is absorbed by the
plant during intervals of darkness. (The results of these experi-
ments are rendered stil more striking 1f, instead of using two
teparate leaves, we shut out the iight from a portion of a leaf for

Fi0, 128.—~THE SPEAR THISTLE,

about twenty-four hours, by covering that portion with brown paper
or some other opaque substance. After this leaf has been killed,
decolorised, and treated with the iodine solution, the part previoualy
shaded will reveal the absence of starch, which will be proved
to exist in the remaining portion that was exposed to light.) Some
leaves give better results than others in these experiments, and
it will therefore be interesting to select leaves from different planits
and to compare the results obtained,
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connection with these functions, and the storage of the products
in roots, tubers, ete. Among such experiments the following may
be chosen.

1. Remove a leaf from & growing plant towards the end of the
day, the plant having been exposed to sunlight during the whole
of that day. Kul the Jeaf by immersing it in boiling water for one
or two seconds only, and then place it in methylated spirit, keeping
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Fic 122.—THB Sow THISTLE.

it in this liquid until all the green colouring matter (chlorophyll)
has been dissolved out, and the leaf has assumed a very pale colour.
Now put the leaf in & solution of iodine, made by dissolving & very
little jodine in a weak solution of potassium iodide until the mixture
is only of a pale sherry colour. The leaf now darkens to a bluish
colour, proving the presence of starch.

2. Cover the samo plant witha box, to exclude all light, for about
twenty-four hours, or place it in a dark cupboard for the same
purpose, and, at the end of that time, remove another leaf for
exactly the same treatment as the first. This second leaf does
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not turn to a bluish colour when treated with the iodine solution,
proving that starch is absent. Wo thus prove that starch, formed
only during the exposure of leaves to light, is absorbed by the
plant during intervals of darkness. (Tho results of these experi-
ments are rendered still more striking if, instead of using two
teparate leaves, wo shut out the light from a portion of a leaf for

F10, 123.—THE SPEAR THISTLE,

about twenty-four hours, by covering that portion with brown paper
or some other opaque substance. After this leaf has been killed,
decolorised, and treated with the iodine solution, the part previously
shaded will reveal the absence of starch, which will be proved
to exist in the remaining portion that was exposed to light.) Some
leaves give better results than others in these experiments, and
it will therefore be interesting to select leaves from different plants
and to compare the results obtained,
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3. Cut a thin slice of potato, and pour upon it a fow drops of
the jodine solution. The dark blue colour produced proves the
Ppresence of stored starch.

4. Apply the 1odine test also to the fleshy cotyledons of a
fresh bean, or of a bean that has been soaked in water for several

A T

. F1G, 124.~THE TANBY

hours. The result reveals a store of starch reserved for the early
growth of the young bean plant.

(@) Flowerless Plants

We have hitherto referred only to flowering plants and trees,
but there 18 no reason why the children, and especially the elder

3 4+

ones, should not have some r y acq) with
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flowerless species such as ferns, mosses, fungi and alge Theso
plants are produced from sporos which, unlike seeds, are minute
simple cells that do not consst of or con
tan an embryo plant, and their iteresting
Iife histories must prove very imstructive to
children

Let the children exammne a moss plant,
and obtain the spores by shaking ripe capsules
over a sheet of white paper

A typical fungus, such as the mushroom,
may also be observed, and the spores may be
obtained from 1t by placing 1its stem n a
bottle of water, the mouth of the bottle being
covered with a small pece of white paper
through a hole i which the stom passes This
arrangement 18 shown i the accompanying figure The spores,

when ripe, fall on the paper from the ‘ gills* of the under mde of the
diso (prleus),
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The Iife-histories of flowerless plants are sometimes not easily
observed and, therefore, fall somewhat outside the work of school

F1¢ 127 —ToE ELDER.

nature study ; but we may certainly make an exception in the case
of ferns, for these are easily reared from their spores, and thewr
lopment may be watched without the aid of the microscope.

Fro 198 —AN FOR THE OF FERNS FROM THR SPORRS,

The spares of ferns may be obtained in abundance by putting
some fronds with ripe spore-clusters (sori) in a large paper bag,
allowing them to dry thoroughly, and then, after tying up the mouth
of the bag, giving the whole & thorough shaking. After allowing
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the bag to remain perfectly still for some time, a quantity of the
spores, in the form of a fine dust, will be found at the bottom.
Now arrange the apparatus shown in the accompanying illustra-
tion, consisting of a shallow tray or dish containing a little water, a
piece of unglazed brick or tile, and a bell jar; or, if the tray or dish

is & moderately deep one, a plate of glass may be used instead of the
bell jar. Sprinkle water on the top of the brick or tile (which must
not be submerged), scatter a little of the spore-dust on it, and cover
the whole with the bell-jar or glass plate.

The spores will soon begin to grow, giving rise not to ferns, but
to little leaf-like bodies (prothalli) on which arc male and female
organs. After the latter have been fertilised by the former, a little
fern frond will commence to grow from each prothallus, and the
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young ferns may then be transferred carefully to a rich, peaty soil
for further development.

The arrangement described above may be modified by using
peaty soil in the place of the brick or tile, in which case the ferns may
be left to grow to a later stage before transplanting; or, with

F16. 130. -Tnl Bnoox.

I TIN] e

g, may be allowed to remain permanently on the

ongum.l ground. And, if soil is used, it should be well pressed to a
smooth and level surface before sprinkling with the spores.

It will have been noticed, from the foregoing description, that
a fern spore does not give rise at once to a fern, but to a minute
leaf-like prothsllus from which the young fern a.ft,erwuds sprouts
This is an ng ple of the of
that is common among the flowerless plants.
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3. ANmar Lise

Animals of all kinds are also exceedingly abundant during the

ths, and animal activitics are now at their maximum.

Many species, indeed, are so plentiful, in the immediate neighbour-

hood of our dwellings as well as in the open country, that it will be

well to give our attention almost entirely to the wild creatures,

leaving, for tho present, the study of domestic animals which can be
pursued almost equally well throughout the year.

Again we would remind the reader that we do not attempt the
impossible task of including, in the space at our disposal, informa-
tion on all the common oreatures which may come within the
children’s observations; our object is to give the assistance and
advice necessary to enable the teacher properly to direct the children
in their observations and investigations. Further, it is to be noted
that the teacher should observe as well as the children, for no student
of Nature is 8o thoroughly versed in the peculiaritics and habits of
living things that he can afford to stand by while his class is at work.
The ideal nature lesson is one in which both teacher and children
work together, observing and disoussing. The teacher does not
simply prepare a lesson and give it. The lesson develops as it
proceeds, the teacher, of course, making abundant use of his previous
knowledge obtained by former observations of the things concerned,
88 well as by his book-lore.

The general hints given for the spring studies of animal life
apply equally well to the summer, but some matters previously
alluded to may be emphasised here, and others will be introduced

ding to the requi ts of the season.

The small creatures of the garden will now supply an abundant
source of interest ; and, of course, a still greater variety of species
will be found during rambles beyond the confines of the town.

Almost every overturned stone or clod of earth will reveal some
living thing of interest. Under projecting ledges and in various
sheltered places we find numerous nooturnal creatures taking their
daily rest ; and these aie frequently so unwary that they may be
approached closely enough to be examined through a magnifying

On the foliage of plants and trees are many specics of caterpillars,
some feeding during the day, others, of nocturnal habits, remain-
ing at rest as long as the day is bright. These, either watched at

L2
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frequent intervals out of doors, or, perhaps, with greater con-
venience, kept under observation within the school building, will
exhibit remarkable metamorphoses, finally assuming the form of a
moth or a butterfly.

In similar situations we observe some species of plant-bugs, some
of them really beautiful insects, which thrust their sharp beaks into
the stems and leaves of plants and suck out the sap ; also the larva

FIG, 131.—A GROUP OF PLANT BUGS—ALL ENLARGED.

of the frog-hopper or cuckoo-spit, which protects iteelf by ejecting
a fluid in such a manner as to produce a series of little bubbles that
eventually completely cover its body, while, thus hidden from view,
it sucks the sap from the plant on which it is aituated. A continuous
observation of one of these creatures will show that it changes to a
winged insect with prodigious leaping powers.

Furtber, various species of aphides or plant-lice may be seen
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in crowds, each individual with its beak thrust into o tender plant
or twig, busily extracting the sap to the great annoyance of the lover
of flowers ; and, among these, we often meet with the larva of the
lady-bird—a pretty little beetle, the bitter enemy of the aphidos,
which it greedily devours, and thercfore a friend of the florist and
the gardener.

Among the twigs and stems of the shrubs and plants we observe
the voracious spider, watching for its unwary prey on or near its
beoutiful snare; and flying around aro numorous winged insects
of the most varied forms and habits, somo searching for suitable
spots on which to deposit their eggs, somo visiting flowers for nectar,
and others seeking out decomposing matter from which they extract
their food, or in which they recognise a storo of food for their
offspring.

The above are but a few of tho many interesting objeots on
which observant children may direct their attention, cither in the
sohool garden or further afield. In fact, the lower forms of life—
life belonging to the invertebrate world —aro 8o numerous and varied
and withal so interesting, that they alone will give ample employ-
ment for the most enthusiastic observers throughout the whole
summer. And since tho creatures we have mentioned, together
with many others, are to be found in every garden, even in tho very
heart of a populous town, no teacher need despair of a lack of
material for valuable nature lessons, even though nearly all the
higher forms of animal life are almost entirely wanting.

Ponds and streams aro also tooming with life during the summor
months, and a few dips with a gauze net into a weedy pool will
supply material for the school aquaria sufficient to keop all the
little obsorvers busy till tho end of the season,

The school aquaria should now be well stocked, with due regard
to the separation of tho carnivorous from the harmless specics, as
laid out in our chapter on the aquarium and its management.

When pond material is being collected, it is probable that the
majority of teachers will find among tho miscollanecous forms
acquired soveral species that are quite unknown to them. Such
forms need not be re]eotad umply becauso they are unfamiliar,
One may b th tod in a natural object, and
learn much about it w:thout even knowing its name. We have
previously said that all school nature study should be carried on in
tho spirit of research ; and why not lot this be the spirit of tho teacher
as well as of the class? A child may ask the names of the creatures
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under observation, but no teacher nced bo ashamed because he is
unable to name correctly all the objects that may be found from
time to time. Let the teacher and the children work together, each
endeavouring to discover as much as possible of the movements
and other habits of the crea-
turse observed, and to solve
the many interesting and in-
structive problems connected
with the structure, growth,
metamorphoses, habits, etc., of
these creatures.

The study of pond life must
always prove interesting, if only
on account of tho great variety
of forms among aquatic creatures
and therr equally diversified
habits. The following are a few
of the common forms of pond
life eminently suitable for the
observation of children, together
F10.183.—A WATER FLEA—MAGKTFIED  With & few hints as to the chief

features to be observed.

1. Water fleas, water mites, cyclops, hydre and other minute
creatures which, although distinctly visible to the naked eye, are
more advantageously observed with the aid of a magnifying lens.

F10, 138.~A WATER MITE—MAGNIFIED, £16. 134 —A FEMALE CYCLOPS WITH
EQG-8ACS ; ALSO THE LARVA OB EARLY
STAGE—MAGKIFIED,

These are, of course, more suited for the observation of the senior
children. They are more conveniently examined in small vessels,
such as tumblers, small glass flasks, etc., to which they may be
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transforred for tho purpose—the water fleas, oyclops, eto., by means
of a pipette, and tho hydro with the pond-weeds to which they are

attached. Let the childron note how
the water fleas and cyclops (which aro
not insects, but minute crustaceans)
diffor from insccts in structure (assum-
ing that they have previously beon
made acquainted with the leading
characteristics of insects), and let thoso
who have previously studied the lifo of
the rock-pool on the coast compare the
hydra with its near relativo—tho sca
anemone.

2. Looches. Noto their poculiar
meothod of locomotion, and compare
their ringed bodies with thoso of
earthworms.

3. Water snails, Of these thero
are several common species with

16 136.—Tites HYDRA—MAGNIFIED,

shells of different forms. Their movements are readily observed
as they creep on the glass sides of tho aquarium, or, in an invorted

110, 136.—THE CoMMON HORSR LEECH,

position, glide along beneath the surface film of the water. They
may also bo seen feeding on the green encrustations that form on
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the glass of a well-lighted aquarium, the movements of the meuth
being distinetly visible when viewed through a lens; and the
development of the young snails from the eggs, which are embedded
in a jelly-like covering, may also be minutely observed.

4. Water spiders. These are very intercsting creatures.
Among other things, the children will observe the construction
of sub-aquatic throads; the making of the ‘diving bell,’ and the
mooring by which it is secured to the pond-weeds ; also the means
by which the spider carries down
its supply of air, to enable it to
live beneath the surface of the
water where it watches for its
prey. (See page 72.)

5. The water hog-louse—a crea-
ture that somewhat rescmbles the
common wood-louse which is so
abundant in our gardens. It is not
an insect, but a crustacean. Its
movements are interesting, and it
is very useful in the aquarium,
where it devours decomposing
matter, and is, therefore, valuable
a8 a scavenger.

6. Larvae of caddis flies. These,
too, are very instructive. There
are several species, varying in size,
but all similar in structure and
habit. Their bodies are not pro-
1MG. 137.—THE WATER HOG LOUSE tected by a hardened skin, with

MAGNTFIED. the exception of the head and the

next three segments, and they pro-

tect themsclves by constructing a cylindrical case which they

drag about as they move from place to place. The different

species employ different materials for this purpose. When fully
grown they change to four-winged flies.

7. Water-beetles and their larvee. These are mostly carnivorous
insects, preying on the harmless or less predaceous creatures of
ponds and streams, but their movements are particularly interest-
ing, and they afford striking ples of adaptation of structure
to habit.

8. Larve of dragon flies—also very predaceous, and provide
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special opportunities of wi ples of inseot

170
A A

F10. 138 —(ABHS CONSTRUCTED BY THE LARVAE OF CADDIB FLIES,

4
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g, 139.—A CaADDIS LARYA—YNLARGED. FI0. 140.—A CAPDIS FLY—ENLARGED,

9. Various other aquatic insects are to be found commonly in
ponds and ditches—all more or lees interesting and instructive, some



154 NATURE BTUDY GUIDE

undergoing but little change, and others exhibiting remarkable
changes of form.

The children of schools situated near the sea should continue to
study the life of the rock-pools left by the receding tide; and, if the
school is of such a distance from the coast that but few opportunities
of rambles on the beach are possible, some of the observed
should be taken alive for further examination in the sea-water
aquarium. Such studies may include, at least, the following: Sea
anemones, gtar-fishes, sea-urchins, various marine molluscs
and- their shells, marine worms and their homes, crabs, shrimps,

F10, 141.—THR GREAT CARNIVOROUS F10. 142—LARVA OF THE GREAT
WATER BERTLE, OARNIVOROUS WATER BEETLE.

prawns, the fishes of the rock-pools, and the principal birds which
inhabit the shore,
Whatever be the animals selected for study, special attention
must be called to their movements and the children should be
d ta 1 m e soh hat ﬁlow mo'
which are apparently instinctive “and those which show signs of
intelligence. Whenever necessary, the teacher will stimulate and
guide the observations, and also ge the solution of probl
ted with the ph observed, by asking questions of
the children., Thus: How does the creature defend itself from
its enemies ? or, How does it attack its foes ? How does it capture
its prey ? or, How does it obtain its food ? How is the food eaten ?
Does it construct any kind of shelter or home ? and, if so, What is
the nature of its home, and how is it constructed ? Does the crea-
ture live a solitary life, or is-it gregarious or social in its habits ?
If the latter, What is the advantage of the social life ? How do the
tures employ themselves in their homes? Is there any division
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of labour among them ? Docs the creature store food not required
forimmediate use ? If so, What is its food ? How is it obtained ? and
How is it stored ? Does the animal know and care for its young ?
Does it prepare a home for its young, proteot them, feed them, or
teach them how to obtain their food ? Does 1t construct a snare

FI1G, 143 —LARYVA OF ONE OF THE LARGER Du’nou FLIES, AND THR PERFFOT INRECT, WITH
I8 WINGS 48 YET UNDEVELOPED, KMERGING FROM TUE PUPAL SKIN,

for the capture of its proy ? If such is the caso, What is the nature
of the enare, and how is it constructed ?

Particular attention should also be called to instances of rosem-
blance to environment and of mimicry. It is often erroneously
supposed that such instances are to be found almost exclusively
among tropical and other exotic species, but we necd go no farther
than our own garden and the neighbouring ponds to find numerous
instructive and highly interesting examples.

Some very common caterpillars that feed on our garden plants
and on our forest trees strikingly resemble the twigs to which they
attach themselves when at rest. Some of thesc are greem, and
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repose on green twigs; while others which rest on brown twigs
are coloured dingly. The blance is rendered still more

kable by the positi d by the larva when at rest,
for it fixes itaelf firmly by means of its hindmost appendages (prolegs
and claspers) with its straightened body standing out at an angle
from the twig; and, not infrequently, we find the body of the
caterpillar bearing colour-patches and projections that closely
resemble the leaf-scars and other markings of the twig on which

F10. 144.—OXE OF THE LARCER DRAGON FLIES.

it is situated. Some green caterpillars, too, including one that is

ly found on cabbages in kitchen gardens, apply themselves
80 closely to the under side of leaves that they look just like pro-
jeoting veins.

It is obvious that the resemblances above referred to are of a
protective nature, for the caterpillars are much sought after by
birds and other insect-eaters; but equally interesting are those
oages in vh!oh predaoeau creatures, with a. close resemblance to
their are enabled to lie d when hing for
their prey.
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Note, for example, the sluggish water scorpion—one of the
Mvoroua water bugs, the back of which is mud-coloured. This
inseot is often to be seen in very shallow water, resting with ita

3
1
! | a
116 146 ~THE WATKR BCORPION.
1, With fore legs * closed.’ 2. With wings exteuded. 3. Larva,

flat body on the mud so that it is not noticeable except when very
closely examined, and ready to seize any harmless creature that
comes within reach of 1ts forceps-like front legs. Another voracious
water bug, known as Ranatra, also very common in ponds and

F10. 146.—RANATRA,

ditches, is not only of the colour of the mud on which it rests, but,
with its legs applied closely to its elongated body, looks just like &
piece of dead stick.

The above are a few of many examples of resemblance to
environment to be seen among common British species. Call the
attention of children to one or two such instances, and they will soon
discover others. Moreover, the various examples met with will
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display such & diversity of features that each new discovery will
probably present some fresh feature, and open up some new line
of thought as regards the problem to be solved.

Concerning the study of vertebrate animals, little need be said
beyond the remarks made in connection with the spring season.
The movements of small fishes may still be observed at times in
the school aquaria, where new species should be introduced as they
can be found. Frogs, toads, and newts (including the young ones)
have now left the water to seek their food and shelter on land.
A few of these may be kept as pets in the vivarium, providing
they ate given sufficient room, and kept under conditions approach-
ing, a8 nearly as possible, thuse which obtain in Nature, with due
regard to proper feeding ; but these creatures are better observed
in a state of semi-captivity in the school garden, where they will
find their own food, a shelter being provided for them by piling
up some stones in a shady corner.

The common British reptiles may be seen sunning themselves
on banks or in the open, and there is no reason why they should
not be kept as pets, providing they are properly cared for.

The birds inhabiting the neighbourhood of the school may
still be enpouraged by scattering their favourite foods in the play-
ground, or by placing daily supplies on feeding-tables in convenient
situations for observation. Mixed bird-seed, and ripe thistle-
heads, teasel-heads and hard-heads (knapweed) will prove very
attractive to the hard-billed finches and other songsters, while
bread-crumbs, and bread moistened with milk will entice many
of the soft-billed species. A small vessel of drinking water, refilled
every day, will also attract considerable numbers, especially during
periods of drought; and a shallow vessel of water placed on the
ground will enable us to watch the interesting movements of the
birds as they enjoy their bath.

Many of the habits of birds may be studied from tame, caged
creatures kept in the school, but the birds so kept should always
be those which have been reared in captivity. Wild birds that
have been trapped should never be imprisoned.

As regards wild mammals, the children living well within towns
and cities will have but few, if any, opportunities of observing
them, but those children who live on the outskirts of towns may
find muoch interest in watching the movements of such little creatures
a8 the field vole and the bats. Country children will sce several
other species, especially during harvest-time, when'so many living
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things are roused from their hiding-places among the corn and
other crops. Whenever possible, the little mammals discovered
should be traced to their homes, the nature of their hiding-places
observed, and their various habits noted.

4. PHYSICAL STUDIES

The studies of the earth, air and sky for the summer months
will not differ materially from those of the spring. Tho children
may continue to observe the positions of the rising and the setting
sun on various days as long as these events take place at hours
during which they should be awake, and to keep records in their
note-books of the times of rising and setting, together with the
lengths of the days.

They will note the gradually increasing temperatures as the
season advances, observing that our hottest days are not those
which are the longest, but that the lation of heat conti
after the Jongest day is past—that as long as the days considerably
excoed the nights in length, there is an accumulation of heat due
to the fact that more heat is gained during the day than is lost,
by radiation, in the night.

The senior scholars should still continue to observe the alu-
tude of the sun at mid-day, with the aid of the simple apparatus
previously described (page 110), special attention being given to
such observations towards the end of June, when the altitude of the
sun is at its maximum and remains practically the same for several
days together.

The elder children will also be interested in the movements of
the shadow, cast by the sun, of an upright, thin rod fixed in the
centro of a large compass card placed in its proper position as regards
the geographical points. It will enable them to discover that the
sun is not always exactly in the south at noon, and that, as &
consequence, the time as read from the sundial does not always
agree with that indicated by a correct clock. Simple sundials
may also be constructed by the children, and observations made on
them from time to time. These dials need only consist of upright
rods (styles) mounted on thick, white cards, or on slabs of whitened
wood ; but where the children are sufficiently skilled there is no
reason why they should not be taught to construct a horizontal
dial, with style parallel to the earth’s axis—making an angle
with the plane of the dial equal to the latitude of the place; or
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s Vertical dial, in which the angle formed by the styls and the
dial-plate is the pl t of the latitud

The study of the face of the sky during the summer months is
not likely to occupy much time, since the very long days preclude
the observation of the heavenly bodies, at least to a considerable
extent. The senior scholars, however, may be encouraged to watch
the movements of planets and stars, giving special attention to
any of the former that may have recently appeared, and to a few
of the more conspicuous constellations of stars that were not
visible earlier in vhe year.

Finally, attention should be called to the climatic conditions of
tho season. The readings of thermometers may be taken regularly,
and the records preserved for comparison with those of other
seasons as well as with those of subsequent Such reading;
may include those of the maximum and minimum thermometers,
sun ¢ and shade temperatures, and indoor temperatures.

h and droughts should be studied, more par-
ticularly in connection with their effects on vegetable life; and
the children of rural districts will be encouraged to note how the
weather conditions affect the quantity and quality of cultivated

orops,
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AUTUMN STUDIES
1, GENERAL REMARKS

Wz have now reached the season characterised by a more or
less rapid decline of life. The sun is becoming lower and lower
in the sky day by day, and, more heat boing lost during the
gradually lengthening mghts than i is gn.mcd dnrmg tho shorwmng
days, the loss of his energy b

Flowers are rapidly, becoming loss ab\mdant lnd the withering

and falling leaves of herbaccous plants roveal the bare stems that
bore them. Flowers give place to ripened fruits and seeds which
are destined to assist in the renewal of life in tho following spring.
Tho trees and shrubs are making preparations for their winter
rest, but not until they have formed the buds that are to develop
nto the branches of the following year, and scattered the sceds that
re to produce their offapring.

Animal life is also on the decline. Many creatures have already
ntored into their winter condition, even early in the season, and
thers are making p tions for hing winter. The
umber of living bomgs is rapidly rcdnoed later in the autumn, by
16 equinoctial storms and early frosts, and all appearances point to
16 coming of & period of a minimum of energy and life.

VEGETaBLE Livs
(8) The Ripening and Dispersal of Fruits and Seeds
Although, during the autumn, the wild flowers are rapidly
)appearing, this sesson provides an abund of material for
ry interesting studies,
Many of our plants and trees have produced and ripened their

L
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fruits during the summer, and some even in the spring, but autumn
is undoubtedly the best season for a special study of the different
kinds of fruits and of the means by which both fruits and seeds are
dispersed.

All except the youngest children should have a clear idea of the
true nature of a fruit, and be able to distinguish between fruits
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16, 147.—FRUITS AND SEEDS DISPERSED BY THE WIND,

1, Ash, 6. Pine,

- & Gossbeard,

. Elm, ts!

4. Hornbeam, 9. Thistle,

5, Lime, 10, Willow Herb.
11. Dandelion.

and seeds, even when the former are distinctly seedlike in their
appearance. They should be taught to observe certain flowers,
from time to time, in order that they may watch the formation
of the fruits—the gradual ripening of the ovaries. Such observa-
tions will afford suitable pations for school bles in the
open country, where this is possible; but town children are placed
at no great disadvantage in this respect, for the development of
fruits may be studied most satisfactorily in quite & large number
of easily grown, cultivated plants, and cqually so in the case of
many of our commonest weeds,
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During blee thore are splondid tunities of
oolleetmg fruits and seeds of various kinds for detailed study at
home or in the schoolroom, but the modes of dispersal are almost
easentially outdoor studies. On a breezy day in autumn, wind-
dispersed fruits and seeds are to be seen sailing through the air
at almoat every step ; and while the children are at work among
the hedgerows, along weedy waysides, in woods, and in the open
meadow, & variety of hooked, bristled, and barbed fruits will firmly
attach themsolves to their olothing, thus providing them with
material for studying dispersal by the agency of animals. Birds
may also bo scen at work among ripe succulent fruits, devouring
the edible portions, and rejecting the ‘stones’ which are often

L

F10. 148, —FRUITS DISPERSED BY THE AGENCY OF ANIMALS,

1. Burdoch, 3, Agrimony,
3. Avens, 4. Wiid Carrot,
8. Forget-me-not.

removed to some distance from the tree or shrub on which they
grew ; or, in the case of berries and similar small fruits, swallowing
them whole and afterwards dapomung the indigestible seeds they
tained with their
Aguin, on & bright, sunny day, the crackling sound produced
by the sudden, elastic splitting of fruits may be heard almost
continuously in certain spots; and a little patient searching and’
watching will enable the scholars to witness the mechanical dis-
tribution of the seeds these fruits contained. Some of these fruits,
such as those of the broom, vetch, wild geraniums, balsam, ete.,
may be taken home in & ripe condition, but as yet entire, and
placed on a Iarge sheet of white paper or a spread table-cloth
in & sunny situation, in order that the mechanical dispersion of the
seeds may be more closely observed, and the distances to whinh they
are thrown may be measured.
thod of mechanical dispersion may be observed
in the fruit of uweommondogvxolet. Thnfrmtui this plans
3
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splits into three parts which separate widely but still retain their
seods. As theso parts become dry, however, their sides become
straightened, thus pressing agoinst the soeds, and shooting them
out one by one just as one might shoot an orange pip by pressing
it between finger and thumb. This may be observed at home by
placing a few of the fruits on a sheet of white paper exposed to the
sun or spread bofore a fire,

The above are only a few examples of the many and varied
methods of dispersal; and
during the present season &
large amount of time may be
profitably spent in studics
relating to this subject,
attontion being given not
only to herbaceous plants,
but also to the common
forest trees and hedgerow
shrubs.

In those town schools so
unfavourably situated that
country rambles can seldom
or never be attempted, much
may be done with the aid of
plants grown in pots, boxes,
or in the school garden, The
plants named above, together
with the dandelion, thistle,
Michaelmas daisy, great wil-
low-herb, and various other
species, that display inter-
esting provisions for the
dispersal of their seeds,
will provide very useful material for study.

“Hitherto wo have spoken of fruits and seeds with special reference
to their modes of dispersal; but, apart from this consideration,
much interesting work may be done in the autumn by observing
the different forms of dehiscent fruits and the manner in which
they open to set free their seeds. Encourage the ohildren to
collect various kinds, either in the open country or in their own
gardens, and then, with the teacher’s aid when necessary, to classify
them according to the manner in which they split.

F16, 119.—Tu® GREAT WILLOW HERB.



AUTUMN STUDIES 165

This portion of the study of fruits will certainly help to enlargo
the children's experiences with regard to tho subject of dispersal,
for, in the colloction and oxamination of splitting fruits, thoy will
frequently meet with specimens that open suddenly, and with
such force that thoy throw their seeds a considerable distance, many
being 8o sensitive that thoy read..y burst as they aro handled.
Thus, the little triangular fruits of tho shepherd's purse, whon
quite ripe, will burst ssunder with tho slightest touch.

Tho following list of very common dchiscont fruits may serve
a8 & guide to the teacher, more especially as & means of assisting
him in the selection of suitablo specimons for class work in the
schoolroom :

1. Legumes or pods—fruits that split into two parts, having

[4S
¢
F10. 150.—VARIOU8 KINDS OF DERISCENT FRUITS,

1. The Pea, 3, Bheplerd’s Purse, 8, Plantain,
2. Wallflower. 4. Larkspur, 7. Antirrhinum,
5. Mallein,

the sceds attached down one side only—pea, bean, vetches, bird’s-
foot trefoil, broom, furze, ete.

2. Siliquas—{ruits in which two valves separato from a central
membrane to which the seeds are attached—wallflower, rocket,
cresses, shepherd’s purse, pepperwort, candytuft, mustard, stock,
cabbage, etc. (The short and broad fruits of this description are
generally distinguished by the name of siliculas.)

3. Follicles—fruits which open on one side only—Ilarkspur,
columbine, peony, etc.

4. Capsules—fruits which split, when ripe, in various other
ways—

{a) Splitting longitudinally—mullein, St. John's-wort, lilas,

figwort.
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3. How i it that the leaves of different trees and plants change
to different colours ? Why should the willow leaves turn grey, those
of the birch a pale yellow, those of the oak brownish yellow, the
aspen orange, the alder brownish green, the dogwood violet, the
servioe tree purple, and the mountain ash scarlet ?

4. Why should the leaves fall at all ? Is it necessary for the
welfare of the trees themselves ?

5. What causes them to fall ? ete.

Of course the answers to some of these questions are too advanced
for the younger children, but all may be explained more or less
completely to the senior scholars, especially those who have an
elementary acquaintance with the nature of chemical changes.

A full account of the preparations made by deciduous forest
trecs (and the same applies to many herbaceous plants) for their
winter rest would occupy much more space than we can give, but
the following notes embody some of the principal facts connected
therewith. As far as possible, the facts should be elicited from the
children by a proper presentation of questions leading them into
the correct line of thought, but the teacher may often find it
necessary to come to their aid with statements of facts which they
are unable to give, but which lead to further problems that the
children may attempt.

1. Trees, other than evergreens, must necessarily cast their
feaves on the approach of winter, because these leaves are too delicate
to withstand the winter storms and frosts, Even if they could
survive the winter, and remain functional, they would be a source
of so much loss of moisture at a period when the roots are inactive
(on account of the low temperature) that they would endanger the
life of the trees.

2. The leaves contain much valuable material which the tree
cannot afford to lose. Hence this material, in a changed condition,
is absorbed into the branches and trunk, to be stored for the follow-
ing season, before final arrangements are made for the shedding of
the leaves.

3. Among other materials, the green colouring matter (chloro-
phyll) of the leaves is dissolved and absorbed to a greater or less
extent.

4. The chemical ct ted with the ormati
of t.he compounds which have to be absorbed give rise to by-

including a blue subst called anthocyanin, and certain

P J

acids.
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6. Anthocyanin is turned red by acids; and the colours of
autumn leaves are produced by the extraction of chlorophyll, and
the formation of anthocyanin and the action of the acids thereon ;
the different colours and tints depending upon the extent to which
these products (and possibly several others) arc formed and to the
proportion in which they are present in each case.

6. Whilo these changes are taking place, & ‘ separation layer’
of cork cells is being formed at the base of the leaf-stalk or
in some other situation, the cells gradually extending from the
circumforence inwards until the layer is complete. The walls of the
cells soon bocome so brittlo that the leaf is casily dotached by the
wind.

7. Leaves fall very rapidly on the approach of the frosts of
late autumn, but, though it will be und d from the di
noto that frost is not the cause of leaf-fall, yet the frost, by mcreuing
the brittleness of the separation cells, considerably accolerates the
rupture.

8. Finally, although the leaves are reduced practically to dead
skeletons by the extraction of most of the nutritious matter they
contained, yet they contain, when they fall, a certain amount of
material which, by its decomposition, adds to the fertility of
the soil.

The leaves of evergreens are of a firmer texture than those of
deciduous trees, so that they are not so easily destroyed by frost.
They have also a thicker epidermis, and thus retain their moisture
better ; consequently they do not allow that loss of moisture which
would be detrimental to their plants or trees at & time when the
roots are inactive on t of the low temperaturs of the soil.
Yet the leaves of evergreens are shed, but the fall is not conspicuous
since it takes place moro or less throughout the year, the lower
leaves becoming detached as they die, and their function being
taken up by the new leaves produced at the tips of the
branches.

Children should be encouraged to note the dates on which the
fall of the leaf commences with different trees, and the times when
the fall is complete and the trees are bare. Such dates entered
during one year should be compared with those of anothor, together
with notes on the weather at the time or immediately preceding,
Thus the children will become acquainted with the conditions which
hasten or which retard the leaf-iall.

They will notice, too, that the time of denudation varies with
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the same spocies of tree in different situations, and endeavour to
determine what conditions of soil and situation are most favourable
to the retention of the leaves.

Further, they will be interested in observing that while in some
species of trees the bases of the branches become bare first, so that
the leaves at the tips of the twigs are the last to fall, in othor species
the reverse is the case.

As regards biennial and perennial plants, both teacher and
scholars should be on the look-out for instances of the storage of
food for the growth of the coming year. Such stores are often to
be met with in the thick root-stocks which survive the winter, in
thick underground -‘ems, tubers, bulbs, ete. Some of these storage
parts may be taken home for cultivation in the garden; or the
earlier stages may be studied in the following spring by growing them
in water or in wet sand.

During the autumn studies of the vegetablo world we seo every-
where the natural decay of those structures, now dead, that have
completed the performance of their functions, Leaves are falling
and rotting on the ground. The old stems, now no longer required,
are gradually wasting away, tho moisture evaporating, and the softer
tissues breaking up, till practically nothing remains save the less
destructible fibres.

The senior children may be taught the true meaning of decay.
Let them have a simple account of the minute bacteria, some of
which are so small that a mass of several millions would weigh only
about a grain ; and give them to understand that the growth and
multiplication of these minute cells is one of the principal causes of
the decay of vegetation, and that they are the sole agents concerned
in the decomposition of animal subst: They may further
learn that, a8 a result of the action of these organisms, all dead
matter is broken up, some of 1ts nubstanoe passing oﬁ mto the air ag
gases, while the ind\ d in its
incorporated into the soil ; and that the surface of the earth is
thus kept fresh and unencumbemd for renewed growths.

In addition to all the autumn studies mentioned above, all
children, and more especially those of village schools, should be

terest themselves in the various human activities of

the leuon the gathering in of crops; the ploughing of the soil,

ing, and other preparations for future crops; the sowing of

seed for the produce of the coming year; the storage of fodder of
various kinds for the use of cattle during the winter, etc.
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3. ANmMar Lire

There is also a gradual decline in animal lifo as the autumn
advances, and this is most noticeable in the caso of insects and the
various small invortebrate creaturos that form such a conspicuous
feature of the country and the garden during the warmer months,

None of the species, however, disappear entirely without having
previously made some provision for their perpetuation. Butterflies,
moths, and various othor insects deposit their eggs beforo thoy die,
and these eggs arc to bo found on the bark or the twigs of trees, on
fences, and in various sheltered places.

Other insocts, dying earlier in the scason, produce their oggs so
much earlier that tho larva have hatched out and made some
progress in their growth before they settle down for a period of
hibernation. Such larvee may be seen concealed under the cover
of thick herbage, among fallen Jeaves, or beneath the surface of the
soil. They climb their food-plants and feed as long as the weather
conditions remain favourable, but, as the colder days of late autumn
set in, they return to their hiding-places to remain till the following
spring.

Quite a large number of insects have now rcached the more
advanced stage of tho pupa or chrysalis, and numbers of these may
be turned out of their quarters in the crevices of the bark of trees,
under the soil, or in some other cover. Some are enclosed in silken
cocoons, some suspended by silky threads, others in cocoons or
cells moulded in the earth or constructed by gluing or binding
together various materials.

Many of these chrysalides will be found as we turn over the soil
of the garden during the autumn, each one being generally close
to the roots of the plant on which it fed as a caterpillar. Large
numbers, too, may be dug out of the angles of the roots of trees,
the caterpillars, when fully grown, having descended the trees on
which they lived, and then buricd themselves for the winter in the
first suitable spot.

The chrysalides may, of course, be found also throughout the
winter and early spring, but autumn is the best time for colleoting
them, since large numbers are devoured by moles, beetles, and
various other insectivorous creatures. If they are collected, and
preserved until the spring, they afford very favourable opportunities
for studying the perfect insects, including many species that are
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seldom seen on the wing by ordinary observers, for the majority of
the chrysalides so obtained are those of moths that fly at dusk or
during the dark hours of the night. They will also provide oppor-
tunities for the observation of the emergence of the winged insects,
and of the gradual expansion and stiffening of the wings.

It must be remembered, however, that if pupa are to be preserved
alive until the time of the appearance of the perfect insects, they
must be kept under conditions corresponding as nearly as possible
with those under which they were found. Those that were obtained
above ground or in very dry places need only to bo placed in shallow
boxes, on a layer of moss, sawdust or bran, and set aside for the
winter in a cool room, out of the reach of mice; while those
dug out of the soil should be covered with a little sifted soil,
with a layer of moss above, and occasionally damped with a slight
sprinkling of wator.

Silken cocoons, spun by spiders, containing a large number
of little white or yellow eggs, may be seen in abundance during
the autumn, on fences, in the crevices of tho bark of trees, and in
other sheltered places. If a few of these be collected, and preserved
in small, wide-mouthed bottles with a piece of muslin tied over the
top, they will yield numbers of young spiders in the following spring
and give the children an opportunity of learning that spiders are
perfectly formed from the first—that they do not undergo meta-
morphoses similar to those which are characteristio of the majority
of insects. After the young spiders have been examined, together
with the silken web which they construct, they may be set free in
the school garden, where, in the summer, when they ave fully grown,
they will construct their shares and afford splendid opportunities
for the observation of their habits.

Other small creatures commonly found in gardens, hedgerows,
ete., such as snails, slugs, earthworms, centipedes, woodlice and
ground beetles, may be studied in the autumn as eatlier in the
year; but special attention should be given to the preparation
made by these, towards the end of the season, for their winter rest.
They may be traced to their hiding-places, and the nature of
their winter homes ascertained. Much interest will be found, for
example, in the discovery of & colony of snails that have congregated
in a suitable cosy corner, in the manner in which they have closed
their shells with a membrane formed of hardened slime and seourely
ocemented their shells to the surface on which they are to be fixed
for their long, winter sleep.
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The observation of the movements of certain birds will also
give interesting oocupations for the season. Tho summer visitors
which have been with us for soveral months now colleot together
previous to their departure for southern climes, and tho winter
visitors that have been breeding farther north begin to arrive. In
addition to these there are the birds of passage which bave their
breeding-grounds outside the limits of our islands, but make & brief
sojourn here on their way, probably for rest and food.

4. Prysican STUbIEs

The studies of the earth, air, and sky for the autumn will
not differ materially from those of the other seasons, Of course
attention will be drawn to t..» rapidly shortening days, and the
variation in the positions of the rising and tHe setting sun day
by day; also to the decreasing altitude of the mid-day sun and
the cor ding d in perature.

The nature of autumn gales will be noticed, and their effects
in hastening the defoliation of the trees; also the denuding action
of equinoctial storms, the swelling of streams and rivulets, and tho
formation of wet-weather streams in small hollows that may have
been dry for some period.

Simple explanations of the formation of mists and fogs may
se given, and, where possible, these explanations should be illus-
rated by means of experimental demonstrations of the processes of
aporation and condensation, and of the various forms assumed
)y water under changing conditions.

As before advised, attention may also be directed to the planets
isible at the time, if any, and to a few conspicuous constellations
f stars that were not to be scen earlier in the ycar,
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WINTER STUDIES
1. GENERAL REMARKS

Dyring the winter life is at its lowest ebb. Many animals are
in & dormant condition, spending the whole of the season in a state
of perfect repose, and taking no food. In fact, in many instances
their natural food is not now to be found. Others are winter
hiders, retiring to their sheltered nooks, and ing there as long
as severe weather persists, but emerging into the open in search of
food during milder intervals.

As regards vegetable life, although most plants and trees are in
o rosting condition, exhibiting no signs of growth, yet some, and
especially those which flower very early in the spring, or even
before the winter is over, ars making some progress and provide
interesting studies for the season.

The winter o6ndition of our common trees and shrubs will, of
ocourse, now receive special attention, and these will give abundant
opportunities for both indoor and outdoor work.

During this season, too, time will probably be most easily found
for the observation of lifeless natural objects, such as the common
rooks, building-stones and paving-stones of the neighbourhood ;
also favourable opportunities will present themselves for the study
of the special phenomena of the cold season, such as frost, ice,
winter storms, snow, etc.

2. PrLaNt Lire
(a) Winter Condition of Trees and Shrubs

The study of the winter aspect of deciduous trees and shrubs
is » most valuable one, affording plenty of work both out of doors
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each tree from a distance and, if the weather is not too cold, make
a rapid sketch of its appearance. Then, at a nearer approach,
but still at a little distance, let them note the mode of branching—
the general disposition of the branches and the peculiarities of
the twigs, Next, approaching close to the tree, they study the

Fi6. 162, ~THE YEW IN FLOWER, (FEBRUARY,)

size of the trunk, the nature of the bark, and the form and arrange-
ment of the buds. Finally, a twig is removed for a closer study on
the return to school or home.

Particular attention should be paid to the m-a.ngement of
the buds, and to the relation b this t and the
mode of branching. We have already dealt with this subject as
one suitable for study during early spring, while the trees are still
bare, and there is no need to repeat here the hints previously
given. In fact, many of the studies mentioned in Chapter IV as
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suitable occupations for the early spring, are really those apper-
taining to the whole of the cold period of the year; and, during
the bleaker winter months, any of these studies for which time
could not be found in the spring may be taken up.

Evergreens may also be studied now with advantage, and

F10, 158.—Tin SHEPHERD'S PURSE.

their prinoipal characteristics noted, unless this work has already
been done during the spring or autumn.

The British conifers—the Scots pine, yew and juniper—together
with some of the more abundant exotic species of this group of
trees and shrubs, will be included under the heading of evergreens,
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excepting the larch, which is bare in the winter. The flowers
of these trees and shrubs generally appear after the winter is over,
but their general forms, branching, leaves, and * cones,’ will provide
interesting studies for the present season.

Some of the pine cones will be found with their winged seeds
still between the woody scales, and, after examination, & few of
these may be preserved for the study of their germination when
the weather becomes a little warmer. .

If an opportunity for a ramble through a pine-wood or larch-

FI6, 164,~7THE OMICKWEED,

plantation occurs, & special study of the general features of the
wood will be of interest. The dense covering of pine-needles
will be observed, the old cones from which the winged seeds have
escaped, and frequently the little heaps of broken cones in which
nearly all the woody scales have been separated from the central
axis by the busy squirrel in order to obtain the seeds for food. It
will also be noted that the ground is often entirely devoid of green
vegetation beneath the pine-trees, and the children will endeavour
to discover the cause of this peculiarity,
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(b) Hedgerows, Waysides, eic., in Winter

Whilo a large number of hedgerow and wayside plants lose all
their leaves in late autumn, many retain a certain amount of green
foliage throughout the winter, especially in sheltered situations. Field

F10, 158, —THE HAZRL IN FEBRUARY.

and moorland are also covered with green, and although the colour
is due principally to various species of grasses, yot quite a variety
of interesting, hardy plants will be found among the blades, most
of them, however, being of such & low growth that they are sheltered
effectually by the latter.

N2
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Even flowors are to be soen throughout the winter, mncluding
those (shepherd’s purse, chickweed, groundsel and red dead nettle)
which have already boen referred to as blooming throughout the
whole of tho year, at least in sheltered spots. Then, before the
winter 18 over, the wild snowdrop will be seen 1n flower 1n wooded
places, also tho furze, often
with an abundance of its
yellow blossoms, on heaths
and downs, and the hazel
with 1ts mature catking mn the
hedgerows

The study of the hazel
should prove particularly n
teresting, and we mention this
one 1 particular because 1ts
flowers are not so well known
and undorstood as some of
the others, oxcept, of course,
by those who have made a
special study of flowers The
long, droopmg catkns will be
reen to consist of & number
of mnute, imperfoct (male)
flowers, each one consisting
of a few lttle green bracts
and four divided stamens
that produce abundance of
powdery pollen m Fobruary
or early March. The fertile
or female flowers—those wluch
produce the nuts—are grouped
together m clusters that are hardly to be distingmished from the
ordinary buds of the tree until they protrude their erimson stigmas.
Ths tree affords an le of wind-polination, the
powdery pollen bemng transferrod by the breeze from the stamens
of the pendulous catkns to the stigmas of the fertile flowers.

Lastly, we may find further materal for the etudy of the
vegetable world, i winter, in the varous forms of roote of
brenmial and perenmal plants, and also i the winter stores
of plant food laid up mn fleshy roots, tubers, corms, rhizomes,
bulbs, etc,

P19 156 —1HE RED DEAD NETTLE,
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3. Axmav Lire

Socing that the number of wild creatures available for study
during the winter is comparatively small, and that the weather
18 not g lly so fi ble for out-door observations, advantage
may be taken of the special opportunity for dealing with the domestic
animals, beasts of burden, and the various creatures that may bo
observed from within
doors or in the im-
mediate neighbourhood
of our dwellings.

In dealing with
quadrupeds, as with all
other animals, special
attention will bo called
to the movements, par-
ticularly those connected
with locomotion, pro-
curing the food, and the
feeding.

In connection with
the last-named piocess,
the teeth must be
studied, and the method
of using them, including
the nature of the move-
ments of the lower jaw. b, >
Attention will be called | SR
to the characteristics of FI6. 157.—THUE IURZE OR GORSE,
the biting teeth, and to
their position in thé front of the mouth, also to the grinding teeth,
if such exist, towards the back of the mouth.

It will be noted that carnivorous mammals, such ss tho cat
and the dog, do not masticate their food at all, but that tho latter is
gimply divided into portions that can be swallowed; that the
small front teeth (incisors) and, more especially the long poited
canine teeth, are adapted for seizing and tearing the food onlylﬂ“
that the molars at the sides of the jaws simply cut it, with a scie %00,
like action, into pieces that can be bolted. A prepared skull Zether
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of these animals will be very valuable in demonstrating the uses of
the teeth, especially when there is some difficulty in observing their
action in the living animal. Let the children be questioned closely
a8 to the movements they witness. Encourage them o explain,
for example, after having seen the working of the molar teeth of
the cat, why that animal turns its head on one side when eating
a piece of meat. Also, after they have observed the roughness of
the cat’s tongue, and seen the cat’s method of dealing with a meaty
bone, get them to explain the use of the rough surface referred to.
Again, aftor they have examined the claws of both the cat and
the dog, draw from them the explanation of the fact that, while the
cat’s claws are always sharp, those of the dog are worn and blunt
at the tips. If the children cannot explain these things, the teacher
will not give the necessary information, but encourage further
observation until the discovery has been made that the claws of
the cat are retractile—that they can be withdrawn into sheaths—
while those of the dog are not.

The bodies and the corresponding parts of different quadrupeds
should always be compared with one another, and the comparisons
oxtended to ourselves. Thus, the childron will be led to see that
the ear appendagoes of those animals which have to be always on the
alert (at least in the wild state) b of their
or which require a keen discrimination as to sounds in order that
they may detect the whereabouts of their prey, are so constructed
that they not only collect sound waves very effectually, but also
are capable of an indopendent movement that enables one or both of
them to be rapidly turned towards the point from which a sound
originates, In our own case, on the contrary, the appendages are
not well adapted for the collection and tration of sound
waves, nor are their muscles sufficiently developed to produce any
apprecial lo movement.

It w* 1 be noted, also, that the eyes of the more timid herbivorous
quadru eds which, in the wild state, are the prey of carnivorous
specier are situated prominently at the sides of the head, thus
cnabl’ g the animals to sce behind them while they are feeding.
This a valuable means towards the preservation of the creatures
conr srned, since they have to wander out into the open ground for
taet, food, and are thus, during feeding-time, fully exposed to the

bir of their numerous encmies.
of e ekilful teacher will always be on the look-out for such
bullles of adaptation to habit, and for illustrations of featuree
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of a protective nature, in his own study of animal life, and will
do his best to encourage the children under his care to make such
discoveries for themselves.

Not having the space here to point out tho leading characteristics
of the common mammals individually, we will merely call attention
to one other feature of interest—the differences in the limbs and
in the mode of using them.

In all cases the limbs of quadrupeds should be compared with
those of our own bodies—the front legs with our arms and the
hind limbs with our legs; and children should be led to point out
in any mammal, those parts and joints corresponding with our own
shoulder, upper arm, elbow, lower or fore-arm, wrist, fingers, and,
in the case of the hind leg, the hip, thigh, knee, leg, heel, instep,
and toes.

Such studies will enable them to discover that while

P10, 158.—A SDMPLE DIAGRAM YOR EX-  FIG. 159.—A SIMPLE DIAGRAM POR EX-
PLAINING THE GENERAL BUILD OF THE PLAINING THR GENERAL BUILD OF THR
RaBBIT, BHEEP,

some animals (called plantigrades, e.g. the rabbit) walk on the
soles of their feet, plzntmg the heel on the ground at each step,
others, with the heel about half-way up what is commonly regarded
88 the leg, walk on the tips of the toes of each hind foot, as is the
case with the sheep.

Lot the children also see that the claws and hoofs of quadrupeds
correspond with the nails of our fingers and toes, and that the hoof
gives some indication of the number of fingers or toes present.
Thus, the single hoof of the foot of the horse is the thickened * nail ’
of a single toe, while the divided hoofs of the sheep and the ox are
the *nails* of the two toes present in the foot. They will note, too,
that the wrist of the rabbit is practically on the ground, together
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with the whole of the ‘ hand,” while the wrists of the sheep and the
horse (commonly called the knee) are about half-way between the
ground and the lower part of the trunk of the body.

Again, et the children, when ining, for ple, the horse,
trace the different parts of the legs, both hind and fore, from the
foot upwards. They will then find that the elbow and the knee,
of the fore- and hind-legs respectively, are close to the trunk of the
body, that the thigh bone and the upper arm bone (the humerus)
are in the trunk, and that the shoulder and hip joints are quite
near the upper part of the trunk. Then, as they observe the horse
walking, they will be able to see the movements of the elbow close
to the root of the nock, and of the knee, the former with the angle
directed backward and the latter with the angle directed forward,
a8 in our own bodies.

'Fhe above points are mentioned merely as suggestive examples
for the teacher of Nature, and include just a few of the interesting
features of mammals which may be observed by the children, under
the guidance of the teacher, and which present probloms that will
afford much food for thought.

As regards birds, winter is undoubtedly a good season in which
to entice our feathered friends within easy range for observation.
During severe frosts many birds leave the neighbouring fields and
woods, and closely approach our dwellings in search of food and
sholter. Feeding tables, with suitable food, and water remewed
very frequently, especially when it freezes, may be the means
of bringing them so close that they may be observed through a
window at a distance of only a fow foet.

In addition to our residont birds—those that remain with us
throughout the year—we have now with us the winter visitors, such
as the deock and the redshank, but most school children are
likely to meet with the residents only.

4. PrysicAL StUDIES

Observations of the rising and setting of the sun, and calculations
of the lengths of the days, as suggested for the other seasons, should
be continued through the winter months, The children of the
lower forms may be taught to measure the length of the shadow of
u.n npnght mck east by the mid-day sun, and to note how this

ing in length previous to the end of
December, becomes shorter as the season advances; and the elder
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children, who have been taught how to measure the altitude of the
sun, will observe that this altitude remains practically the same for
several days at the end of the year, and then gradually increases,

The senior classes will also continue their observations of any
of the planets that may be visible at the time, and make simple
sketches to show their movements among the stars. The clear,
frosty evenings will present very favourable opportunities for map-
ping some of the more conspicuous constellations of stars ; and while
this is being done particular attention will be given to some of those
groups which are visible only during the present season,

Advantage should be taken of the snowstorm to deal with the
structure of the enow crystals and the formation of the snowflake.
It will be observed that when, during such a storm, the temperature
of the air i8 below the freezing-point, the snow crystals generally fall
singly, while, with an atmospheric temperature above this point,
the crystals usually unite to form flakes,

A simple experiment demonstrating that property of ice known
as regelation will help to explain the above fact. Break a piece
of ice in the schoolroom or in any place where the temperature of
the air is & little above the freezing-point, and then put the pieces
togother in exactly the same position as before: the pieces im-
mediately freeze together. Repeat tho experiment out of doors at

a time when the air temp is below freezing-point, and the
surfaces of the ice, as a consequence, are quite dry, and the pieces will
not unite. A film of water is y to produce the regelati

Thus, when the snow crystals are quite dry, as they are on very cold
days, they will not unite to form flakes, but fall singly.

The piotures, so often given in books, representing snow crystals
as seen ‘under the microscope,’ have apparently led unobservant
persons to think that the microscope is absolutely y for
the study of these beautiful forms, Such, however, is not the
case ; for the crystals are frequently so large that their forms are
olearly discerned-withont any optical aid. In order to observe
them, choose a day when the air is very cold—below the freezing-
point—and the crystals are falling singly. Allow the snow to fall on
& piece of black cloth, and obeerve them out of doors, Of course a
hand lens will enable one to make out the more delicate parta of the
erystals more perfectly.

After the above facts concerning snow crystals and flakes have
been noted, the teacher should ask the children to explain why
the mow is 5o powdery when the air is very keen; and why they
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oannot make mowballs so well on such a day as when the air
ture' is above the freezing-point and the snow is beginning
to melt.

The study of snow crystals will naturally lead to the oconsidera-
tion of crystals in general — their varied forms, the conditions
favourable to their formation, and their mode of growth.

Let the children prepare crystals of various kinds for themselves
and watch their growth. Some may be prepared by the cooling
of a hot saturated solution of some salt, such as alum, nitre, copper
sulphate, ete. This method is suitable when it is desired that the
rapid growth of the crystals may be observed within a short space
of time, but far more pérfect forms may be obtained by the slow

tion, at ordinary temperat; of saturated cold solutions.
l'.f the quantity of solution is rather large, large crystals will be
produced, but as the process will then extend over scveral days,
the solution should be protected from dust by means of a covering
of fine muslin,

The dry method of producing crystals may also be demonstrated
by melting some sulphur, pouring it into & teacup, and, when
about half of it has solidified, pouring off the portion still liquid
through a hole made in the crust formed at the top.

The crystals prepared by the child 1ves, th
with any others made by the teacher, and also the crystuls ea.slly
obtained by other means (such as those of sugar candy) should be
observed and sketched by the child The children will also note
that the growth of a crystal differs from, that of an animal or plant,
the former being due to the addition of like particles added externally,
while the latter is the result of new material deposited intersticially.

Outdoor winter studies will include the observation of frost, the
crystals of which may be examined with the aid of a lens ; and the
action of frost in breaking up the soil and in causing porous rocks
to orumble ; also the nature of icicles, with explanations (given, of
ocourse, as far as possible by the children th lves) as to the
conditions which determine their form and their vertical position.

A few experiments given by the teacher, dealing with the change
of volume that ocours during the solidification of water, will be of
groat value in explaining the action of frost on rocks and soils, and
the bursting of water-pipes in frosty weather. Such experimentd
will also enable the children to explain why ice floats on water—
why the density of ice is less than that of water. The senior children,
too, may perform simple experiments with a view of determining
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the temperature at which water has its maximum density, and then
they will be in a better position to explain why water generally
freezes at the top first. They may also have the opportunity of
observing the presence of ground ice’ on the bed of a stream,
and then of investigating the conditions under which such ice
is formed.

Other outdoor observations may include the study of the
effects of winter storms and floods, such as the formation of tem-
porary streams, and the effects of such storms on the general

of the landscap
The winter condition of ponds and pools, especially as regards
the scarcity of animal and vegetable life, will also be noticed, and,
in the case of schools near the coast, the condition of the seashore
as compared with that in the summer.

The cold season also suggests a study of the manner in which
we attempt to keep ourselves warm. In this connection we may
consider the relative values of the different materials used for
clothing, demonstrating the ing of conduction and of radiati
by means of simple experiments.

A study of fuels, particularly wood and coal, may also be made,
and, in conjunction with this, we may endeavour to make clear the
true nature of combusti Heat-producing foods, and the changes
which they undergo within the body, may also be considered ; and
the process of oxidation, as it takes place in the body, may be
compared with the similar chemical actions connected with the
combustion of fuels.

Lastly, the formation of coal may be dealt with, the teacher
making use of his knowledge in framing a simple account of the
history of coal which the children may clearly understand and
endeavour to reproduce in their own words.

Pl




VIII
OTHER STUDIES

Tag following is & list of other subjects, suitable for school study,
that are not associated with any particular season, and which may
be taken at any convenient or suitable time, together with hints,
here and there, as to the best mode of treatment.

1. Various Animal and Vegetable Producis— Their Properties
and Uses.—Quite a large number of animal and vegetable products
provide very useful material for study. In dealing with such it is
absolutely necessary that each child has the opportunity of closely
examining the material selected, with full permission to handle it
and test its principal properties,

We do not recommend the description of manufacturing processes
a8 of any great educational value. Most children will form very
vague ideas of such processes from descriptions given by the teacher ;
and although the descriptions may, to a certain extent, reveal some
important relationship between the properties of the material
and the manner in which it is prepared or worked, they do not in *
themselves help the children to observe or think.

A visit to a factory, on the other hand, is highly educational ;
for it not only gives the children an opportunity of observing for
themselves how the different stages of manufacture are carried on,
a8 well as the interesting appliances by which these stages are
conducted, but it also gives splendid practical illustrations of the
properties of the material which is being worked.

2. The Jetsam of the Seashore.—The teachers of schools hear
the sea will find plenty of material for i g studies through
the year, more especially after stormy weather, Let the chlldren
ramble along the beach, following the line of miscellaneous debris
washed up. by the  waves o6 hlgh -water mark. Here they will find

g ds, some in a very perfect condition,
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including species that have been detached from submerged rocks and
washed ashore by the breakers—species that are seldom or never
seen in situ down to the level of low tide.

Among the debris will be found various structures of such a
nature that the children will be unable to decide as to whether
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PIQ. 160.—A 8%A I'TR, WITH 4 SMALL PORTION MAGNIFIED,

they belong to the animal or the vegetable world, and the investi-
gation of their true nature will afford & most interesting pastime.
The sea mat and the sea firs, for example, partake so much of the
charaoter of plant forms that they are commonly placed in oollec-
tions of sea-weed ; but if a fresh specimen, recently washed up by
the waves, be put in a glass of sea-water, and examined by the aid
of a lens, the minute animals of the colony, of which the structure
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is a supporting skeleton, will be seen to protrude from their pores
and show signs of active life. On the other hand, the beautiful
coralline, which at first might be mistaken for an animal structure
allied to certain species of coral, is really a sea-weed, the cells of
which are supported by rather thick deposits of carbonate of lime.

The miscellaneous matter of the jetsam will also include, among

FIG. 161.—THE SEA MAT.

many other interesting things, the cast shells of crabs, the tubes
of matine worms, numerous shells of molluscs of the most varied
shapes, star-fishes, jelly-fishes, the egg-cases of skates and dog-
fishes (and sometimes the complete eggs with the well-formed little
fish within), the eggs or spawn of other fishes, the egg-cases of the
whelk, the ‘ bone’ (shell) of the cuttle-fish. and various vegetable
or other terrestrial matter evidently washed from some other part of
the ocoast, thus throwing some light on the currents prevailing at
the time, '
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3. Various Human Activities—While the children of country
districts may always be expected to interest themselves more or
less in the different human activities connected with country life
and occupations, the town children may also be encouraged to find
some connection between certain phases of town life and the outside
conditions. Let them always learn to connect the natural or raw
productions seen in the town with their proper seasons, and to think

¥10, 162.—THE CORALLINE SEAWEED,

ontthecauseaoiall hanges in the i ing produce and in the
oor h in the pations of the people.

4, Weather Charts—Even very young children may be taught
to take some int, in the ck of the weather, and the results
of these changes : but the elder ones will make a much more detailed
study of th and climati diti The latter
lhouldbeledeotakeregulatnadmgs nndfpmakeregulurecordso(

the more g ts, such ag th
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barometer, rain-gauge, etc., and to compare season with season,
and one year with another. Let them also learn how the weather
chart of the daily paper is made, how it is to be read, and what it
teaches. Let them und d the elementary principles on which
the daily weather forecasts are based, also that the winds are
the prime movers of the weather, and learn the causes which lead
to the changes of the wind. Such a training will help them to
become very observant, not only of the weather and its frequent
changes, but also of their surroundings in general.

5. Rocks and Soils.—We have already referred briefly to the

FIG. 163.—THE OOMMON STARFIA.

observation of the rocks and soils of the locality of the school, but such
observations may be carried on at any time, and should receive
special notice in cases where any important occupation of the
inhabitants is in any way conneoted with the mineral produce of
the neighbourhood. Let the children study the materials used for
building : the bricks (especially if made locally) and the clay from
which they are mads, the slates or tiles of the roofs, the principal
building-stones and paving-stones of the district. The phyuoal
properties of these materials should be ascertained by ti

on the patt of the children, who will be encouraged to state their
opinions on the adaptability (or otherwise) of the materials to
the uses for which they are employed. As far as possible, these
rocks should be examined in sifu, and the method of quarrying
watohed. The disposition of the rock strata should be noticed,
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taking advantage of the presence of quarries, railway cuttings, eto.,
for this purpose.

The children may be asked to account for the disposition of the
beds—to explain how the layers were formed. A close examination
of the rooks will often give clear proof of the action of water in their
formation. They may
contain fossil remains
that tell of their sedi-
mentary ongm, or their
particles (as in the case
of sandstone, oolite, etc.)
may give direct evidence
of the action of water.
The children will observe
all these things, and form
their own conclusions, to
be corrected when neccs-
sary by the teacher, who
will supplement the whole
matter by telling stories
of the past history of the
earth as learnt from the
earth itself, and lead
the children to see that
changes, similar to those
of past ages, are still in
progress, and that evi-
dences of this are to be
learnt in Almo‘t every 10, 164,—A JELLY-FISL
district.

In localities where minerals are mined and worked by the
poople, the nature of the minerals should be studied, as well as the
mining operations and the smelting or other preparation of the
metallic or other product from the crude material. This will not
only increase the children's powers of observation and create an
inquiring habit, but, in many cases, will also directly assist them
in the better accomplishment of the work to which they will have
to apply themselves in future years.

" 6. The Forces Moulding the Land.—Closely sllied to the above
stady is that of the various foroes which mould the land. Even the
younger children will be able to watch some of the more important
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denuding agents at work, and to witness the results produced
by them in time. The principal of theso agents, some of which
have been alluded to previously, are wind, rain, frost, running water,
and waves. The elder scholars will also get some insight into the
nature of the chemical agencies at work to the same end. They
will observe how all the above forces tend to reduce the higher ground
and to fill up the hollows by transporting material to & lower level ;
and also witness the results of the gradual accumulation of vegetable
matter, especially in marshy and boggy districts, and of the great
upheaving forces of the earth, in their counter-action of raising the
level of the land.

It will seldom be y to take long jons for the study
of the above changes. Much may be learnt during a short walk
along the banks of a brook, & ramble to a neighbouring hill, a stroll
round a patch of marshy or boggy ground, or a visit to the nearest
oliff by the sea. If the children have the opportunity of observing
the above forces at work in a small way, they will readily be made
to understand what vast changes may be brought abouj when
the same agencies are active on a much grander scale and for a long
period of time. Further, after having observed the nature of clay
and sand, the structure of chalk, and specimens of coral and fossili-
ferous limestone, with the aid of a lens or the compound miscroscope
when necossary, they will be interested in the stories of the formation
of clay-beds, sandstones, chalk-beds, limestones, and coral reefs.

7. The Northern Constellations.—The Northern (Circumpolar)
constellations of stars—those within fifty degrees of the pole star—
are visible throughout the year, and may, therefore, be studied
at any season. Children should be encouraged to observe these,
and to note how they all revolve round the pole star, describing
one complete revolution in twenty-four hours, corresponding
with an angul locity of fifteen degrees per hour.

It should be made clear that these stars are fixed, and that
the apparent motion is due to the rotation of the earth on its axis.

Attention should first be given to the ‘ Plough® or ‘ Charles’s
Wain,’ formed by the seven bright stars in the constellation of the
Great Bear. Having become familiar with this group, the attention
of the children will be called to the two * pointers * at the front of the
Plough, which give the approximate direction of the pole star.
Onoe familiar with these stars, there will be no difficulty in learning
the relative positions and distances of some of the other conspicuous
stars and groups of the northern sky.
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8. The Milky Way.—The form and position of the Milky Way
may be observed on any very clear night when the moon is not
bright. After the children's attention has been brought to it,
and they have been taught the true nature of a star, they are in a
position to listen to a simple story of the universe—its vastness and
its form.

9. The Magnetic Compass.—The propertics of the magnet may
be studied by the children who are sufficiently advanced to under-
stand the principle and use of the compass. Theso properties will, of
course, be learnt from a series of simple experiments, performed
by the children rather than by the teacher. Lot each child be
provided with a magnetised knitting-needle, a pinch of iron filings
on a sheet of white paper, and a few inches of cotton thread or a
saucer of water in which a large cork bung is floating. First they
will study the action of the magnet on the iron ﬁlings, and observe
the t distribution of the magnetic force in difforent parts
of the naodle. They will then break the needle, and, after testing
each part and observing that each is a perfect magnet, will suspend
one by the middle on the cotton thread, or float it on the cork,
and discover the action of magnets on each other. Thoy will now be
in o position to learn, from the directive action of the earth on the

pended or floating magnet, that the earth is itself a magnet.

The children will probably have learnt previously how to
determine the direction of geographical north by means of the
pole star, and of the sun at mid-day, allowing, in the latter instance,
for the variation in solar tune and they will then be ina posltzon
to determine pproxi ly the t of mag; var
the difference, in deg bet the direction of the )e
needleu\dthatofthe graphical north. E les will then
begmoftheuneoftheoompm bothonlandmdutsea,w:th
the mode of g for the true hi

EOstap
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IX

OUTLINE OF A SEASONAL COURSE OF
NATURE STUDY

Tre following outline, ged for the conveni of the teacher
when making out his scheme of work, includes the majority of the
subjects referred to in the preceding chapters.

It would be impossible to deal thoroughly with all the subjects
mentioned below during the period of a child’s school life; and
it must be understood that we do not propose the whole as & scheme
for school study, but rather as a list of subjects from which a selection
may be made according to the inclinations of the teacher and with
reforence to the nature of the neighbourhood of the school.

It will be observed that no attempt has been made to divide
the whole outline into separate schemes of work for children of
different forms or ages. This, we take it, is quite unnecessary.
The teacher will be competent to make his own selection of subjects,
aided by the suggestions given here, and also to adapt his methods
to the capacities of the children under his care,

Although there are certain subjects peculiarly suitable for the
training of young minds, and others which are better adapted for
treatment with senior scholars, yet we are of opinion that by far
the greater number of natural objects and natural phenomena
are useful etudies for school children of all ages.

This being 8o, it appears to us to be a great mistake to encourage
young children to observe a certain object, and then to make no
further reference to that object during the remainder of their
school life.

In the lower forms the children will observe, think about, and
describe only the more obvious characteristics of a natural objeot.
A year or two later, their powers of observation and reasoning
having oonsiderably developed, they will look upon the same
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object with different eyes, see a great deal more than they saw before,
and think over problems that were formerly quite beyond their
grasp. Henoe it is very profitable to arrange the nature study
scheme in such a manner that some of the subjects, at least, appear
two or three times, to be dealt with during as many different periods
of a child’s school career.

Thus, when very young children observe a living fish, they
note its general form, but without the power to grasp the adapta-
bility of the form to the movements of the fish in the water ; they
observe the fins, and even note their motions, but wnthout tho
possibility of discovering and understanding functions of i
fins in propelling, steering, and balancing the body ; they see the
movements of the mouth and of the gill-covers, while as yet they
are not in a position *~ ~1derstand the use of these movements and
the manner in which the fish breathes. If, however, a child is
encouraged to study the living fish two or three times during its
school career, say at intervals of one or two years, each lesson will be
quite as useful, and, perhaps, more so, than three lessons on separate
subjeots taken at the same periods, for in each case the child assimi-
lates just that which is adapted to the present state of its growing
mind.

We leave the teacher, then, to use his own judgment in the

lection of suitable subjects from the outline provided, feeling
confident that the actual experience of one who is in real earnest as
regards the training of the young under his care will serve him better
than any hard and fast rules, especially if that experience is matured
by a communion with others whose labours are directed to the same .
end, and by a careful study of the development of the child mind.

Spring Studies,
Spring the season of the re-awakening of life.
Vegetable Life.
The opening of buds.
Detailed study of one Iarge bud :
Bud-scales and other temporary structures.
Gradual transition of bud-scales into leaves.
Simple experimenta to demonstrate the manner in which the
sap flows.
Germination of various seeds under different conditions sa to
moisture, food, heat and light. Records kept.
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Plants reared from seeds, in a good soil, for continuous obser-
vation. Records of life-histecy.
The growth of bulbs and corms.
The growth of potato plants from the tubers under varying
conditions. Make records.
Spring flowers (chiefly outdoor studies) :
Habitats and habits.
Calendar of observations.
Cultivation of flowers in the school garden.
Animal Life.
Forms and habits of the common creatures of the garden—
snails, slugs, centipedes, young spiders, etc.
Rearing of caterpillars or other insect grubs for the study of
their metamorphoses.
Observations of aquatic creatures in the school aguarium :
Development of frogs’ eggs.
Various aquatic larve.
Water enails, Small fishes.
Marine life as seen in the rock-pools.
Study of the common birds of the neighbourhood :
Return of the summer visitors.
Nest-building and the care of the young.
The Is of the neighbourhood :
Wild and domestic. Forms and habits.
The frolicking of young animals—lambs, kittens, ete.
Studies of Earth, Air and Sky.
Daily path of the sun : rising, setting, altitude at mid-day.
Lengthening day and increasing warmth.
Spring winds and showers. Droughts and dust.
Planets visible at the time. App and t
Stars. Their ¢ moti Consni tollati

145 4

Summer Studies

Summer the season of the greatest abundance of animal and
vegetable life, and of rapid growth and development.
Plant Life.
Summer wild flowers—chiefly outdoor work :
Observations of habitata and habita.
The flowers and weeds of the garden :
The struggle for existence.
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How plants are protected—thorns, spines, priokles, ete.
Forms and arrangement of leaves. Leaf mosaics. Funotions
of leaves.
Storage of food in rootstocks, tubers, bulbs, eto.
Calendar of summer flowers. Records of observations on
the habitats, habits, flowering, fruiting, eto.
Parts of the flower and their uses :
Relation between flowers and insects.
Relationships in plants, as shown in the structure of the flowers
and other parts.
Our forest trees and shrubs. General form, bark, branching,
leaves, fruit, eto.
Simple experiments illustrating the general activities of plants :
Absorption of water, transpiration, movements of sap,
formation of starch and other products.
Flowerless plants and their life-histories :
Ferns, mosses, lichens, fungi, alge.

Animal Life.
The small creatures of the gn.rden
C birds of the neighbourt

Habita of animals seen during school rambles.
Common creatures of our ponds and streams.
Life in the rock-pools on the coast.
In all the above attention paid particularly to—
. Mo ts—voluntary and instinctive.
Means of defence and offence.
Means of capturing or proouring food.
Manner in which the food is eaten.
Construction of homes or shelters.
Solitary and social life.
Storing of food not required for immediate use,
Care of the young: preparations for, protection, feeding,
teaching, eto,
Constraction of snares—spiders.
Resemblances to environment, and mimicry,
Studies of Earth, Air and Sky.
- The sun: rising, setting, altitude at mid-day.
Length of the day. Summer temperatures.
and droughts. Their eﬁeofa.

The planets visible.
The star-constellations visible in summer only.
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Autumn Studies

Gradual reduction in temperature and gradual decline in
both -animédl and vegetable life.
-Vegetable Life.
Ripening fruits. How fruits are formed.
Difference between fruits and seeds.
Uses of the fruits (seed-cases) to the seeds within them.
Splitting and non-splitting fruits,
Collection of fruits for study and classification.
Distribution of fruits and seeds, Agents concerned.
Autumn flowers—studied, as far as possible, in their habitat
Decay of leaves. Autumn tints.
Fall of the leaf. Cause of. Observations and records.
The meaning of decay. Action of bacteria.
Storage of food by biennials and perennials,
Animal Life.
Creatures that never live to the end of the year :
Deposit of eggs before they die.
Storage of food for the winter—squirrels, bees, ete.
The ts of birds. S visitors leaving. Winter
visitors arriving. Birds of passage.
Small creatures of the garden seeking shelter for the coming
winter.
The Earth, Air and Sky.
The shortening day and decreasing temperature.
Observations of the rising and setting sun :
Decreaaing altitude of the mid-day sun.
Autumn gales, mists, and fogs.
The planets visible at the time.
Some constellations of stars visible only during the autumn

Winter Studies

Life now at its lowest ebb. Many plants and animals in a
dormant condition.
Plant Life.

Winter condition of deciduous trees and shrubs.

Study of winter buds.

E + their principal ch igtics.
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Conifers and their cones.

Winter condition of hedge, field, wood .q‘oor

Winter flowers: snowdrop, hazel, furze,

Early flowers in sheltered places.

Winter oondition of herbaceous biennials m& T
their roots, tubers, corms and bulbs. T 51

Animal Life, )

Hibernating animals: their homes and their condition.

Winter hiders, including the little creatures of our gardens.

Dormant stages (pupz) of insects.

Birds seen in winter.

Animals that change their covering for the winter :
Advantages of the change.

Winter life of the squirrel.

Domestic animals.

The care of flocks and herds in winter.

Boes in winter.

Queen humble-bees and queen wasps.

The Earth, Air and Sky.
The snowstorm. Snow crystals and flakes. Compare with other
crystals,

Frost and its action.

Ice and 1ts properties. Icicles,

Winter storms and floods,

Winter landscapes. Contrast with summer,

Winter condition of ponds and pools.

The seashore in winter.

Other Studies
(For any time of the year.)

Vegetabl duots : their properties and uses.

Ammnlprodncta pmperhuandm

The jetsam of the seashore.

Various human activities in town and country,

Weather charts : how made, and their use,

The rocks and soils of the neighbourhood ;

Bnﬂdmgmdpcvingntonu. Their properties.
Other mineral products of the neighbourhood.

Disposition of rock-beds in the locality.
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The forces moulding the land :
Streams and their action.
Action of the sea on the land.
The atmosphere as a denuding agent.
Clay, chalk, coral, and other interesting rock-formations.
The magnetic compass : its principle and use :
How to find the geographical North by means of the compass,
the-pole star, and the sun.
The northern constellations of stars always visible :
Their apparent daily motion.
The Milky Way. The universe,



X
CLASSIFICATION OF ANIMALS

A KNOWLEDGE of the classification of animals—of the prineipal
groups into which the various members of the animal kingdom
have been placed, and the leading characteristics common to the
animals in each group—is very helpful to a teacher ; for although
he may never deal with the principles of classification as a subject
of study for his class (and this subject should not be chosen except
for senior classes which have previously observed a considerable
variety of animal forms), yet & knowledge of these principles will
assist him in directing the children’s attention to the most important
of the obvil h istics of the t under observation,
and to correct those many confusions that so frequently arise from
the inappropriate and misleading populsr names by which those
creatures are often known.

For ple, even young children may be led to learn, by their
own observations, that the bat is not a bird because it flies, that
whales and seals are not to be regarded as fishes merely because of
their aquatic habitats, that the snake-like cel differs considerably
from snakes in structure and habit, and that the term * insect ' is not
to be applied promiscuously to all little creeping things. On the
contrary, the teacher will invariably call attention to those leading
features of each animal observed as will enable the children, in later
years, to associate it with the others of its class, and help them to
form some estimate of the position it holds in the scale of animal
life.

Buch careful teaching will also prevent the children from being
misled, as we have already hinted, by more or less inappropriate
popular names. Thus, they will be led to see that the interesting
little blindworm, as well as the glow-worm, silkworm, mealworm
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and bloodworm, are not worms, but that they differ in important
respects from the members of this latter clags. Also that shellfish,’
starfishos, cuttlefishes, and jelly-fishes are quite distinct from the
true fishes.

Although the teacher would not find it necessary to call the

tion of the children to the class-distinctions, as such, of the
different animals observed, except, perhaps, in the upper forms,
yeot he himself should possess such an elementary knowledge of these
olass-distinctions as will enable him to lead the children to note the
important points of structure, and thus put them in a position to
form their own ideas, more or less accurate, of the relationships
of the creatures they have scen.

It is with this object that we give the following summary of
the principal divisions of the animal kingdom. And though, as it
will be seen, we call attention almost exclusively to those obvious
oharacteristics which may be observed by the youngest scholars,
yet oocasionally we refer to features outside the range of a child's
observation, but permissible in the case of the elder children who
have acquired a rudimentary knowledge of anatomy and physiology.

VERTEBRATE ANTMALS,—Animals with internal bony (in some
cases cartilaginous or gristly) skeletons, the chief part of which
is the backbone or vertebral column. The body contains two tubes
or cavities, one behind (or above) the bony axis, containing the
chief part (brain and spinal cord) of the nervous system, and the
othet mfront of (or below) the bony a,xxs, containing the organs of

and This division of the animal kingdom

is sub-divided into :

1. Mammals.—The highest of the vertebrates. The young of
mammals are born in a living state, and are suckled by the mother.
The body is usually more or less covered with hair (or some modifi-
cation of hair). They have warm blood, and a heart with four
divisions, and they breathe by means of lungs, nearly all of them
being terrestrial in their habita. This group includes mankind, mon-
keys, bats, all ¢ quadrupeds ’ or four-footed beasts, seals, and whales.

2. Birds.—Birds are clothed by a ing of feathers, and the
fore limbs are modified into wings for flying. They have warm
blood, a heart with four divisions, and they breathe by lungs.
Birds have no teeth. Their young are produced from eggs.

8. Reptiles.—Reptiles have a covering of scales. Their blood
is cold, and the heart has only three divisions (two auricles and one
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ventricle). They breathe by means of lungs. The young are
generally produced from eggs. The group includes lizards (Fig. 71),
tortoises, turtles, crocodiles, and snakes.

4. Amphibi These animals have s smooth (generally),
naked skin, and begin life as little,
fishlike, limbless *tadpoles’ which live
in water and breathe by gills. At a later
stage the gills disappear, lungs are formed,
limbs are developed, and the animal
live on land. The amphibians include
frogs, toads, and newts (Figs. 68 and 69).
They have cold blood, and a heart with
throee divisions.

5. Fishes.—Fishes are aquatic in habit,
and are peculmrly adapted for a life in
water. The body is covered with scales,
and the four limbs are developed into
fanlike fins, Fishes have cold blood, and
@ heart with only two divisions, and
they breathe by gills. The young are
produced from eggs.

INVERTEBRATE ANTMALS.—The in-
vertebrates have no internal bony
skeleton, but their bodies are often pro-
tected and supported by a calcareous
shell or & hardened skin. The chief divi- g, 165.rE Bovy or ax
gions are : Ivggor,

1. Insects—Tho bodies of ingects con- @, antennm; b, hesd; ¢
sist of three more or less distinct parts—  UOE: & abdomen
the head, thorax, and abdomen. The
head bears a pair of antennsm or feelers, and a pair of compound eyes
(eyee divided into a number of compartments, each with its own lens).
The thorax is made up of three segments, each of which bears a pair
of les!.mdthisporﬁon of the body also generally bears one
or two pairs of wings. The abdomen is made up of uvenl
ring-like segments. Most insects und kable cf
form (Fig. 41), appearing first 88 & larva or grub, then as &
vupa or chrysalis, and finally in the winged or perfoct state. The
cuaracteristics of the insect given above are those of the perfeot
or final
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2. Crustaceans.—The bodies of crustaceans consist of & number
of segments surrounded by & horny or caleareous skin. Between

F1G. 166.—THE COMMON SHORE CRAB.

these segments the skin is usually unhardened, so that the former are
movable. The head and thorax are usually welded into one, and

PG, 167.~THE RIVER CRATFISH,

the former is provided with ant and compound eyes. The
legs, generally numbering five pairs or more, are jointed. Crusta.
ceans are mostly aquatic, breathing by gills or abeorbing oxygen
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through the ekin, The yourg are produced from eggs, and
undergo metamorphoses while still very young. This division of
tho invertebratos includes crabs, lobsters, crayfishes, shrimps,

F1a. 168, —THE PRAWN,

prawns, sandhoppers, and woodlice, besides many microscopio
creatures,
3. The Spider Class (Arachnoidea).—The creaturos of this class

110, 169, —THR JUMPING SPIDER— F10, 170.~TEE SANDHOPPER,
MAGNIFIED,

are terrestrial, and air-breathers, The head and thorax are umitea,
the former with a pair of jaws connected with poison glands, and
simple eyes, often six or eight in number ; and the latter with four
pairs of jointed legs, Spiders have silk-spinning organs (spinnerets)
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at the tip of the abdomen. This class contains spiders, scorpions
and mites.

4. The many-legged animals (Myriopoda).—In this division
the body is long, narrow, and made up of many similar segments,
each of which bears a pair of
jointed legs. The head has a pair
of antenne and several simple eyes.
The animals of this group, which
includes centipedes and millepedes
(Figs. 39 and 40), are mostly carni-
vorous, and nocturnal in their habits.

Note.—The above four divisions
of the invertebrates are usually
grouped together and called the
o oo T " e . e o

mented bodies and jointed limbs,

5. Mollusca.—The molluscs are soft-bodied animals, not seg-
mented, without limbs, and usually covered with a leathery

F1a. 172.—A 00MMOX SKAIL—ONE OF THR GASTEROPODS.

‘mantle’ which tes a shell of calel bonate. This group
is sub-divided into—

(@) Headless Molluacs or Bivalves, with no distinot head. They
are inclosed in a shell of two parts, and are aquatic, breathe
ing by gills. Examples : mussel, oyster, cockle, and scallop.

{b) Headed Molluscs or Gasleropods, with & distinct head, and
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shell (if present) in one part. The animals of this division
creep on the under surface of the body. Some are aquatio,
breathing by gills, and others are terrestrial, breathing by
alung. Examples: snail, slug, winkle, whelk, and limpet.
(c) Head-fooled Molluscs. These have a distinct head, with
two large eyes and with
tentacles bearing suckers.
Most of them are not enve-
loped in shells, but they have ¥
generally a shell that is en-
closed within the body. Ex-
amples: cuttle fish, squid,
calamary, and octopus,
6. Worms.—Animals with soft,
elongated bodies, generally made up
of many ring-like segments, and no
limbs. Worms have usually no
hardened covering, but some marine
species live in tubes constructed with
sand, while others dwell in calcareous
tubes secreted by the body.
7. Spiny-skinned Animals (Echino- T g, 1 e, o s
derms).—These animals have a spiny  sELL.
ekin, and the parts of their bodies
are regularly disposed round a common centre. They move
about by means of little tubular ‘feet’ which are filled with

P16, 174.—THE LUGWORM, (COMMON ON OUR SANDY SHOREA.)
water from within, and which terminate in suckxng dises. They

include star-fishes, sea-urchins, and the
8. Jelly-fishes.—The jelly-fishes have soft, jelly-like bod.les,
Iar or cylindrical in form, with a number of tentacl u-ound

the mouth. They are very simply formed, having no internal
organs except a stomach, and no organs of sense. The tentacles are
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armed with stinging oells by means of which the animals can paralyse
their prey. Jelly-fishes are reproduced by means of eggs, and also
by means of bud-like growths which sometimes remain attached to

F10, 175,~A BRA URCHIN, WITH SPINES REMOVED ON ONE SIDR,

the parent animal, but are often detached and lead a separate
existence. This division includes the beautiful sea of our
rook-pools (Fig. 37), the floating jelly-fishes that abound in our
seas (Fig. 164), and the coral-
building jelly-fishes, which have
caloarevus  skeletons.  Also
the little creatures which live
in oolonies, supported by
a common skeleton that is
popularly known as the sea.fir,
80 commonly seen on our
shores (Fig. 160).

9. Sponges.—These consist
of a number of microscopio

Fra, 176.—THEN 8EA CUOUMBER. oelh,d.lnniud into one mass,
and usually supported by a
keleton of ocalod bonate, silics, or horny material, Each

sponge has one or more large holes, besides many small ones, and
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water is kept oontil 1 lating through the eystem, entering
through the amaII holn “and mapmg through the larger ones, the
b lies of air (dissolved) and food.

143

Sponges are nproduoed by eggs, and also by division. If a living
sponge is cut into pieces each piece will develop into a new sponge.

10, 177.~A OOMMON BRITISH SPONGE.

Many sponges of various forms are to be found attacked to the
rocks and weeds of our shores.

10. Protozoa.—The b imals, each
oconsisting of & single oe]l and often dlsplnymg no dlﬁerentu.uon in
struoture. They ave mere specks of living protoplasm (a jelly-like
substance that ooours in all living beings) capable of performing all
the funotions whioh, in higher animals, are petfotmed by special
parts or organs. Some of the prots hat of the
nature of vegetable eells. and allied to them are minute organisms
wlneh j the borderland bet the animal and the

kingd bel g neither to the one nor to the other.
Pmtomom u'o to be found in nbundnnce in water, on soil—in fact,
everywhaere,

»3



XI
CLASSIFICATION OF PLANTS

For reasons similar to those given in the previous chapter we are
providing an outline of the classification of vegetable life.

FLowERING PLANTS (PHANEROGAMS).—Plants producing seeds,
each of which consists of, or contains, an embryo plant with seed-
leaves (cotyledons), bud (plumule), and young root (radicle), and
which separates from the parent plant on reaching maturity.

1. Angiosperms.—Plants in which the seeds (ripened ovules of
the flower) are inclosed in a fruit (the ripened ovary).

(a) Dicotyledons.—Plants the seeds of which have two cotyledons

or seed-leaves. They are generally characterised by a
stem consisting of & central pith, around which is wood °
arranged in a ring or in rings, and an outer epidermis or
bark. The veins of their leaves usually form a network,
and the parts of the flower are frequently arranged in
whorls of four or five or multiples of four or five. This
division contains by far the larger number of our flowering
plants,

(b) Monocotyledons.—Plants with only one seed-leaf in the
geed. The stem has no pith, and no true bark, and the
wood is not arranged in rings. The leaves usually have
parallel veins, without any network; and the parts of
the flower are arranged in whorls of three or a multiple
of three. This group contains lilies, daffodils, orchids,
grasses, eto.

2. Gymnosperms.—Flants in which the ovule is not inclosed in
an ovary, but either in the axil of a carpel or attached to the surface
of a carpel. The division inoludes the cone-bearing trees, such as
pines, firs, larch, yew, ete. In most cases the ‘ cones’ are formed
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of woody scales (the matured carpels of the flower) on which the
naked seeds lie,

FrowzrLess Prants (CRYPTogams).—These plants are not
produced from seeds, but from minute cells, generally called spores,
which do not contain the parts of the future plant. The spores
first produce a cellular thread, a
mass of such threads, a ocellular mem-
brane, or a cellular, leaf-like body,
which afterwards gives rise to the
fruit or to & plant producing fruit.

1. The Vascular Cryplogams.—
Thess plants have true roots, stems
and leaves; and some of their cells
are modified into vessels which are
arranged in distinot bundles. Their
spores first produce a leaf-like body
(the prothallus), and from this the
future plant arises.

(a) The Club-moss Group.—In
this group the stems and the
leaves are very variable,
but the spore-cases are
always produced in the axils
of the latter.

(b) Horselails.—In  these the
leaves are small, and ar-
ranged in whorls round the
stem ; and the upper leaves,
which bear the spores, form a spike at the top of the stem.
Most of the horsetails grow in marshy or wet places.

(¢) Ferns.—The ferns have well-formed leaves or fronds, distri-
buted on all parts of the stem; and the spore-cases are
produced on the under surface of the leaves.

2. The Moss and Liverwort Group.—The plants of this group
have stems and leaves, but no true roots; they are also entirely
oelluht in structure, without any bundles of vessels as in the last

isi The devel t of the plant is also different, for the
spomglvemdmcuywthe plant, and this latter then produces a
capeule in which spores are contained.

(a) Mosses.—The mosses have both stem and leaves; and

their capsules open, when ripe, by means of a lid.
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FIG. 180.—A M088 PLANT.

FROM THE PROTHALLUS,

4

=%
Y
.

A s

)“e.'!‘

PN .

 E ¢ o »
+ Jeos

y B

u.‘;!

e .

o

i
55
£~

e tix SR benl
#10, 18L~A PINCE OF DRAD BRANCGE WIIX LSOERM,




CLASSIFICATION OF PLANTS 218

(b) Inverworis.—Some of these plants have a distinet stem with
leaves, but they generally consist of leaf-like bodies with
root-hairs on the under surface. The leaves consist of &
single layer of cells, and the capsule has not a distinot lid.

3. The Leafless Plants (Thallogens).—These have no root, stem or

leaf, but the plant consists only of a cellular body with, sometimes,
lea-like expansions.

(@) Fungi ($he Mushroom Group).—The fungi have no chloro-
phyll (the green colouring matter of plants), and conse.
quently they cannot build up their organio material from
mineral substances, but must have organio food. They
increase by means of spores or by division. The group
includes yeast and other unicellular, mmroaooplo plants,
moulds, mild and * toadst

(b) Alge.—The alge eonta.m oh]arophyll and can build up
organic material from inorganioc matter. Some are
unicellular and mioroscopic, while others are of immense
size, and are variously coloured—green, olive, brown,
red, etc. They multiply by spores or by division. The
alge include sea-weeds, diatoms, desmids, eto.

Nors.—Lichens, so commonly scen clothing rocks and the branches
of frees, consist of fungs that are parasitic on alga.




X1
THE SCHOOL MUSEUM
1. WaAT THE MUSEUM SHOULD, AND SHOULD NOT, CONTAIN

AvrtBOUGH the school nature lessons should be almost invariably
the study of living things in their natural surroundings, of fresh
specimens procured for closer study at home or in the school, or
of natural phenomena as they occur, yet there are times when it is
useful to refer to things out of season, especially when it is desired
to compare and contrast objects in their season with the same as
obtained at some other period of the year; and for this, as well as
for other purposes to be stated presently, it is exceedingly useful to
have & museum of natural objects and records for reference as
occagion may require.

The teacher will do well to allow, and even to encourage, the
children to take a real interest in any colleotion of material prepared
for such a purpose. Let them, under proper guidance, assist in the
work of collecting useful things, as well as in the preparation, pre-
servation, arrangement and labelhng of the specimens required.

As ds the collecti , the teacher’s instructions to
the children should be somewhat definite, or much useless material
will be brought in; and if such useless material is rejected by the
teacher, the children, who have but little idea of the relative value
of objects for educational purposes, will naturally be discouraged
and lose interest ; while, on the other hand, if all material procured
be acoepted and stored, in order to give encouragement, the museum
will soon become charged with useless objects that will never be
observed.

The vast number and variety of natural objects that may be
oonmdeted of valpe in a school museum renders it impossible
to pr an exhsustive, or even satisfactory, list for general
gmdum but we propose to make some few suggestions aa to what
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thp museun mey contain, leu.vmg, for the present, all reference to
ted with collecting, preserving and labelling.

First, then, as regards vegetable life, & collection of the dry
fruits of our trees and flowering plants will be exceedingly useful
for reference, eapecially if they are properly mounted, and olassified
according to their modes of dispersal, and, in the case of dehiscent
fruits, according to the manner in which they split. Although these
fruits will all have been studied in their season, yet it will be in-
teresting to refer to them at times when the leaves of their plants
are being observed, and to associate them with the flowers that
produce them.

Collections of leaves will also prove useful at times, particularly
if such collections have been prepared with some definite object in
view—thus, sets of leaves, each set mounted on a separate card, to
illustrate (1) simple leaves, (2) compound loaves, (3) the transitions
from aimple to compound, (4) autumn tints, etc.

As regards the transition referred to, very interesting examples
may be obtained from the bramble and from the Virginia creeper
(Ampelopeis), on both of which various intermediate forms between
the simple and the compound occur. And well-preserved specimens
illustrating autumn tints are not only objects of beauty, but they
will be useful for comparison with leaves of the same species in
spring and summer.

Specimens of the wood of our principal forest trees will prove
useful when endeavouring to undersu.ud the mode of growth. Such
specimens should display itudinal, and t tial
sections, to show clearly the nature 9nd mmgement of the 1 rings ;
and sections made through points where branches originated will
serve to explain the true nature of a knot.

Dried plants and flowers are not to be recommended. They are
never eatisfactory for teaching purposes. In fact, for ordinary
school work they are absolutely useless. As we have previously
stated, plants and their flowers should always be studied alive and,
whenever possible, in their habitats.

Collections of seeds are also of little value. Seeds should be
procured in their season, and preserved only untd they u'e required
for the ltudy ot tlmr ture and ger School

bers of bottles filled vnth grain and
seeds of udou kinds. These are seldom, if ever, needed for
reference, and most of them can be obtained very readily whenever
they may be required. It is a gi®at mistake, in any case, to provide
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space for objects that may be procured at any time, such as the
produce of the grooer’s and the corn-chandler’s stores.

Speaking generally, there is not much to be gained, from the
nature-study point of view, from an extensive collection of vegetable
products and specimens, since the work is, or should be, the study
of living things in their proper seasons. In connection with the
teaching of geography, however, such a collection may prove more

, especially as illustrating the products of other countries.

Concerning the animal world, it is probable that the study of

* this branch of Nature, if taken up somewhat fully, will make greater
demands on the museum space. We will give some few examples of
specimens which we regard as useful in a collection prepared for the
purpose of reference.

Whilst studying live mammals, and observing the manner in
which they dispose of their food, it is necessary to refer to the nature
of the teeth, their arrangement, and their functions, But, at
least in many cases, it is hardly possible to observe the teeth in the
live animal, and thus it is well to have specimens of the different
kinds, A few skulls of common mammals, with all the teeth tn
situ, will be further useful in demonstrating the manner in which
the teeth perform their functi For inst ‘he gkull of a
carnivorous animal will show perfectly the scissors-uxe action of the
outting molars, while that of the sheep will serve to demonstrate the
mill-stone action of the grinding molars of the herbivorous species.

Where the nature study is so extended as to include some
elementary notions of the anatomy and physiology of the human
frame a8 introductory to, or explanatory of, the theory of physical

ises or the elementary prinoiples of hygiene, various specimens
and models will afford much help.

Cleaned bones obtained from the rabbit, or from a shoulder or
leg of mutton, will give splendid opportunities of observing the
structure and action of various kinds of joints. A few consecutive
bones from the vertebral column of the rabbit will suffice to give s
good idea of the nature of the backbone. The composition of bone
may be well illustrated by means of two specimens, similar in size
and form, one of which has been soaked in dilute acid to remove
all its mineral matter, and then preserved in fiuid (see page 225),
while the other has been burnt in order to destroy its animal or
organio portion. Many useful things may also be selected from the
kitchen waste material and profitably employed in the school, and
among such we may mention the traches (or & portion thereof) of
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any mammal used as food ; the larynx (clesned and preserved)
of the sheep, obtained with the sheep’s head as supplied by the
butcher, ete.

Birds’ nests and eggs are ly included in school
and it is probable that the acquisition of these is generally the result
of & plunder that should on no account be encouraged. If nests are
preserved at all (and some of them are really wonderful objects),
they should only be those which have been discarded by the birds
that have reared their young in them; but it should always be
remembered that & great deal of the interest attached to the bird's
nest is destroyed as soon as it has been removed from its natural
position. The observation of birds’' nests should be made out of
doors, where the positions and the artifices for concealment may
be witnessed. Then, as regards the eggs, they should be studied
wlule in the nest and not removed for the purpose of making a

The i t attached to them is to a great extent
gone when they are viewed apart from their surroundings, but if it
is desired to procure a few specimens, only those should be taken
that have been deserted by the parents. In some few instances the
eggs of birds possess somo special feature of interest beyond the
colour and markings. That of the guillemot, for example, is of
such a form that it will not easily roll off the naked ledge of rock on
whioh it is laid. When eggs are required for the purpose of illus-
trating such mpecial features, they should, as far as possible, be
those of our food-birds, obtained from the poul rather than
those procured by the plunder of the nests of other species.

While speaking of birds, we may refer to the wonderful vnmty
of form and colour exhibited by their feath A very i ive
collection of the feathers of our food-birds may be obtained from &
poulterer, and typical kinds may be mounted on cardbosrd for
reference. The study of & feather is particularly instructive, and}
the school museum might well contain some sets of different kinds, ;
sufficient of each set for distribution to a class as required.

This remark reminds us of a second use of the school museum to
which we have not previously referred. In addition to the specimens
dmplayed for general re&erence, the museum may include & store

t in which material is kept for distribution to the children
vhenltildenredthutheyshn.l]dlmnkeasmdyoithame
object at the same time. Many interesting natural objects ave so
common, and ocoupy so little space, that they are very convendently
stored for the purpose we mention. We shall presently refer
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again to this subject, and provide a list of material suitable for
the purpose mentioned.

We have already made it clear that the study of animals should
be made from living specimens, and, in the case of wild species,
in their habitats—that apart from the interesting movements the
study of animals is robbed of the greater part of its value. / Stuffed
mammals and birds are quite out of place in a school museum.
There are sufficient domestic and wild species to occupy the child-
ren’s attention without the introduction of dead material; and
when, apart from nature study, it is desired to give information

yon certain other forms, good coloured pictures, it seems to us, are
‘often preferable to the dry, rigid, glass-eyed specimens from the
taxidermist's stores. The former are equally pleasing in appearance
88 & well-stuffed specimen, and possess advantages inasmuch as
they are more easily stored, are not attacked by moth and other
museum vermin, and can be so artistically represented in their
natural surroundings as to produce really beautiful pictures.

There are times, however, when it is useful, and even advisable,
to have preserved specimens of various forms of animal life for
reference.

For instance, during school rambles we may now and again
meet with some uncommon creature of special interest. This, after
having been kept alive as long as possible for the observation of its
habits, may be preserved in spirit or other preservative for future
reference.

Again, there are many interesting creatures that are not easily
observed alive, either on acoount of their small size, their retiring
habits, or because of their venomous nature. The small creatures
referred to may be preserved in specimen tubes in order that they
may be closely examined by the aid of a lens, and the same remark,
as to preservation, applies to the venomous species.

All country ohildren at least should be taught to observe the
distinguishing features of the two common British snakes—the
viper and the grass-snake—and of the snake-like lizard known as the
slow-worm or blindwerm, in order that they may not be fearful
of, or led to destroy, pretty and harmless creatures under the
impression that they are venomous. The only venomous British
reptile is the viper ; and sinoe this one should not be kept alive for
observation in the sohoolroom, unless under the superintendence of
a teacher who is thoroughly acquainted with the g t of

such creatures, and provided with perfectly safe accommodation,
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a preserved specimen will be useful for the purpose of soquainti
the child withita""w"'cmukingslf auainting

As & general rule, preserved animals should not take the place
of living ones for study, nor should life ever be taken in order to
provide museum specimens, unless such specimens are absolutely
necessary for certain special purposes for which the living a.nimsli
is not suitable.

Insects, especially the more brightly-coloured butterflies and
moths, are often killed in large numbers in order to produce showy
cages for the museum ; and the same creatures are often reared for
the purpose of making up sets to illustrate life-histories. Such
cases and sets are often very beautiful and not without interest, but
the exhibition of them does much, we fear, to encourage the wanton
destruction of life, and to discourage the sympathetic observation of
living things.

And there is no real need for the possession of specimens such

. a8 we have described, since quite a large number of insects, including
some of our most beautiful speciés, are so easily reared in captivity
that their whole life-histories and habits may be perfectly observed.

The various kinds of coverings of animals and the homes or
nests constructed by them are always useful in the school museum,
The coverings include many modifications of outgrowths of the
skin, as well as protective shields of a calcarcous or other nature
secreted from the body. Among them we may mention, in addition
to the many modifications of hair and feathers: the horny skin or
“shell* of the tortoise ; the cast scaly epidermis or slough of lizards
and snakes such as may be frequently met with in the haunts of these
creatures ; the castskins of frogs and newts, the delicate struoture of
which is easily observed from specimens preserved in & suitable
fluid; portions of the skin of different fishes with large scales in
situ; the shells, univalve and bivalve, of terrestrial, aquatio and
marine molluscs ; the calcareous tubes secreted by, and the sand-
tubes covering, many of the marine worms; the spiny, hardened
akins of sea-urchins, etc.

As regards the homes constructed by animals, we need by no
means confine our studies to the nests of birds, for we have numerous
examples of beautifal sud wonderfully-constructed ‘ homes without
hands ’ prepared by creatures much lower in the scale of life. Such
specimens may be found in abundance, and may be collested while
still inhabited, with & view of studying the habits of the oocupsnts,
or after they have been discarded by the build d
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As examples we may enumerate the many different kinds of
! cocoons constructed by inseots ; the nests of various species of bees
and wasps, both solitary and social ; the *cases,’ very variable as
regards the material of which they are constructed, of caddis-fly

| larvee; and the silken cocoons of spiders.

Many instructive objects, ted with both animal and
vegetable life, are also to be found among the jetsam of the seashore.
A single day’s collecting on the shore will often provide such a store
of material that many hours may be profitably spent in examining it.
This material, stored in the school museum, will prove exceedingly
useful at times when, owing to the weather or other ciroumstances,

f)o',her objects are not available,
A permanent place in the school colleeuon may be given to
of rocks and mi including, of course, the

bmldmg stones, paving-stones, and other mineral products conneoted
with the ocoupations of the neighbourhood of the school.

In addmon to the material mentioned above, as well as other

& material or objects collected by the combined efforts of
the teacher and the children, it will be well to exhibit, either per-
manently or from time to time, any good pictures which illustrate
seasonal phases of Nature, together with drawings from Nature
made by the ohildren. The exhibition of the best work dons by
the class will prove & great stimulus to future pations of
the same kind ; and, where the spirit of the work is good, such
exhibitions will stimulate, rather than discourage, even those who,
after many attempts, have failed to produce results up to the
average of the class,

Each olass-room should have a weather-chart, kept by the child-
ren under the guidanoe of the teacher. Such charts may be either
weekly or monthly records of the weather observations made, and
should always be preserved in the school museum for future reference
and comparisons, Thus, it is & good plan to place old charts
beside the ourrent one, in order that the present records may be
oompared with those of the corresponding periods of former years,
and also in order that one season may be compared with another.

Reoords of the observations made during the sohool excursions
should also be preserved for reference and comparison; and any
good plans or maps mads by the children may be stored for the
same purpose, after they have been exhibited for a period.

We referred, & short time sinoe (page 219) to a store department
of the achool museum as distinot from that portion in which objects
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are displayed for general observation. This department oonsists
of a number of dro.wem. boxes, or other suitable compartments,

terial for distribution round the olass, thus providing
\tlm teacher with the means of conducting collective nature lessons.
'Each compartment will contain sufficient epeoxmeu, or sets of
specimens, to distribute to a whole class; and since the same
specimens may be used over and over a-g&m, in all the olaases of
the school, it will be seen that such a provision will give the teachers! ‘
splendid opportunities of giving good nature lessons when outdoor’
observations are impossible.

The following is & list pf material that may be stored for the
purpose suggested :

1. Sets of dry fruits to illustrate wind-dispersion,

2. Similar sets to illustrate dispersion by animals.

3. Sets of dehiscent fruits to show their various forms and the
different ways in which they split.

4. Slices sawn from an oak or other branch, with bark
intact, smoothed with glass-paper on one side, for the study of
the exogenous stem and its mode of growth.

5. One or more bivalve shells, such as those of the museel,
cockle, and scallop.

6. One or more univalve shells, such as those of the winkle,
whelk, snail, and limpet.

7. Speci from the seashore, such as the sea fir and ses mat.

8. Down feathers and quill feathers.

9. Speoi of rocks : limestone, slate, sandstone,
granite, etc.

10. Specimens of any minerals that are worked in the neigh-
bourhood.

11. Pieces of various metals for the study of their properties—
bits of steel epring, iron sheet or wire, lead sheet and wire, copper
wire, soraps of zino plate, eto.

The above are merely a few suggestions to which the teacher may
make additions ding to his requi ts or to the material at
hand.

2. Tex PRESERVATION OF SPECIMENS
We now propose to give general hints as to the simplest and
best, means of preparing and preserving the material required for
the school oollsotion.
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Of course, & considerable quantity of this material requires no
care whatever except as far as mechanical injury is concerned.
Specimens of rocks and minerals and of other morgamc and inde-
structible matter need only be placed * best side out’ if for general
observation, or wrapped upseparately in paper to p
wear if stored away for occagional use. This latter precaution may
appear unnecessary to most readers, but one can get a much better
idea of the of a rock speci by the ination of a
surfaoe exposed by simply breaking it from the mass, than from
a surface that has been worn down by friction or other rough
usage. This is especially important in the case of crystalline rocks,
in which it is necessary to note the nature of the faces of the natural
crystals.

As regards vegetable specimens that are to be preserved in the
dry state, the secret of sucoess lies in a thorough and rapid drying
process. Leaves and flowers should be arranged among sheets of
blotting or other thick porous paper, always allowing several sheets *
of paper between each two adjacent layers of leaves, etc., and then
placing the whole between two boards with a heavy weight on the
top. If the specimens contain plenty of sap it will be advisable to
turn them out after several bours, and then replace them, as before,
using a fresh supply of paper. In fact, it is a good plan to keep the
‘press’ in two parts, and use them alternately, the paper of the
one part being spread out to dry while that of the other is in use.
If the drying process is slow, more or less decomposition will set in,
destroying the natural coleurs. If, on the other hand, the drying
is rapid and thorough there is much more chance of preserving the
original tints,

There need be no great expense attached to the making of a good
botanical press, for almost any cheap, thick, unglazed paper will
serve for the purpose. Perhaps one of the best and cheapest is the
ooarse ‘ sugar paper * used by the grocer.

When it is required to store the dry fruits of forest trees, plants,
etc., simply spread them in the sun or before a fire until they are
quite dry. If stored while there is still moisture within them they
will soon be attacked by mildew or other panamc growt.hs, and
their natural and their usefulness quite d

After tabl i have been th hl dmd, they
m&yahllbeattwkedhymﬂdﬂwxhwmdm nd,unp place, or by
inseots and other museum pests if not secured in air-tight boxes or
ocases, To lessen the risk of such destruction, sprinkle them with a
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of i blimate in methylated spirit, and store them
as soon a3 the spitit has evaporated. It must be remembered,
however, that this solution is & very poi one, and should
thereforo be kept out of the reach of children.

It will seldom be found necessary to preserve soft and sucoulent
vegetable specimens. These are always more suitable for study
while they are fresh and in season. Should it be desired, however,
to preserve any special kinds for future refercnce, they may be put
in jars or bottles of methylated spirit or dilute formalin,

The latter preservative is, perhaps, the better for general use.
It is usually to be purchased as a 40 per cent. solution, but a 2 per
cent, solution is quite strong enough for all purposes, and this
latter may be made by taking one ounce of the original liquid as
purchased, and increasing the volume to one pint by the addition
of water.

Formalin is also the best general preservative for all kinds of
animal structures, and it will maintain them in such a condition,
for an indefinite period, that they may be romoved from the liquid
at any time for detailed examination. It is suitable for even the
softest and most delicate objects, such as jelly-fishes, and the cast
skins of amphibians,

Animals of a harder nature, such as sea-urchins, starfishes, small
orustaceans, and insects with hard coverings, though perfectly
preserved by spirit or formalin, are frequently best stored in a dry
condition, properly mounted and secured in glass-topped boxes.
They should always be dried rapidly, in o warm, airy place ; and the
drying process is much more rapid, and, as a rule, much more satis-
factory in every respect, if the specimens have been previously
soaked in methylated spmt for aeveral hours. The spirit extracts
the moisture from the soff , causing them to con-
tract and dry rapidly ; and if a little corrosive sublimate (merourio
chloride) be dissolved in the spirit employed for the purpose, the
dried specimens will never be attacked by any of the troublesome

museum pests.

Many such as feathors and other coverings’
of animals, are liable to be attacked by the larva of small moths,
If such speci are to be ted for display, and not secured in
nll-ﬁtting ghu-topped boxes, they should be wetted with & weak
solution of corrosive sublimate, and then th dried before
mounting If, on f.lw othm- hand, they are memly to be stored
until required for d to the children for ination, they

Q
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may be kept in boxes or drawers together with a fow pieces of ¢ albo-
carbon.’ This substance, which may be obtained at a low price
from any i will effectually p moths from intruding
and depositing their eggs ; but, since it is a volatile solid, the supply
should be renewed at intervals of a few months, or as found to be

We have previously referred to the value of the skulls and bones
of animals for teaching the nature of the different kinds of teeth
and the structure of the different types of joints. Such useful
specimens are often to be found among the refuse of the kitchen.
They are easily cleansed by means of hot water containing a little
washing soda, and may be bleached to whit by & prolonged
exposure to the summer sun.

Many very valuable specimens of this nature are to be found dur-
ing country rambles. Theskulls and, in fact, the whole skeletons of
birds, rabbits, and other animals, are often met with in the country—
skeletons that have been cleaned perfectly by carrion-feeding inseots
and besutifully bleached by exposure to the sun’s rays. These will
prove very instructive in the school.

Whatever be the t of care bestowed on the prey
of animal and vegetable specimens for the school museum, it must
be remembered that the objects are always liable to the attacks of
moth and various minute marauders. Hence it i8 necessary, at

intervals, to thoroughly ine every ted speci and the
tents of every store-box or other compart giving special
attention to the material that is not frequently used.
If any ders are present, fer tho speci attacked

to a box with a perfectly-fitting lid, sprinkle them with benzole
or chloroform, and shut them up securely for some hours. The

peshhn.vmgbemthuahlled,the" may be moi d
with & weak solution of cor blimate in spirit, dried, and then
returned to their proper places.

3. THE ARRANGEMENT AND LABELLING OF SPECIMENS

Little need be said concerning the arrangement of the objects
displayed in the school museum. It is advisable to utilise the whole
of the glass-fronted space available for the exhibition of the speci-
mens that are of such general interest as to attract young observers
during their spare moments, and not allowing this space to become
overcrowded by using it as a store for material that is required
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only jonally for olass teaching, and which s more satisfactorily
housed in ordinary store-boxes or drawers.

Every displayed specimen should be at a convenient height for
observation, well hghmd, and visible without any obstruotion.

The t need not ily be made with regard to
scientifio classification. In fact for school purposes it will be far
better to arrange the objects on a seasonal basis, if there is to be
any arrangement at all, except as regards the sizes of the objects
and the spaces available.

Many teachers may have noticed that a school musoum in which
objeots are always displayed for observation, does not attract the
attention of the children as it was hoped to do, especially if the
same specimens aro always on view. The museum soon becomes
a familiar objeot, looked upon merely as an item of the school
furniture, and is consequently ignored.

In order to prevent this some arrange to have the specimens
screened as a rule, and displayed to view only on certain occasions,
during which a few remarks may be made by the teacher with the
intent to arouse the interest of the children. A still botter plan, where
the collection of material is sufficiently extensive for the purpose,
i8 to change the specimens on view at fairly regular intorvals, giving,
each time, somo general account of the exhibits to stimulate careful
obeervation.

On the other band, we are of opinion that in those schools where
nature study is regularly and properly conducted, and where the
children themsolves are the prime movers in the formation of the
school collection of natural objects, there will be no need to resort
to stratagems for the purpose of ing the desired enthusiasm
on the part of the children; and the very frequent additions to

“our’ musoum wdl always be suﬁclem to maintain & small crowd
of anxious, inquiring, and ad g spectat; The main difficulty
will be, it seems to us, to find sufficient accommodation for all the
interesting things that have been brought in for observation.

The matter of labellmg is one of great importance. A museum

has been described as ¢ an lection of labels ilk d
by specimens ’ ; and, whether this definition be aooepted or not, we
must insist that every specimen is at least panied by a label

stating its name, date of collecting, locality, and, to give dus credit
and encouragement to the young naturalist concerned, the name
of the donor.

But this alone is not sufficient for a school museum. We want

Q2
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to encourage the closest possible observation and the spirit of
thoughtful inquiry. In order to do this we may place on the label
some instructions, stated, of course, in a general way only, as to
whatis to be seen. The children should be told, without any partiou-
larising, what they should look at, and what they should look for ;
end & question, also written on the label, will often lead to an
inquiring state of mind that must necessarily work for good. We
ourselves have seen a group of y t imulated by & questi

EGG OF DOG-FISH.
Fouxp oN THE BracH BY
WILLIE SMITH
Avausr 1910.

What is the use of the curly tendrils ?

F16, 182.—A BPECIMEN LABEL ¥OR A SCHOOL MUBEUM,

written on a museum label, engaging in a very interesting discussion
on the problem raised—a discussion rendered all the more valuable
on t of the great diversity of opinion exp d. This is just
the kind of thing we want to encourage.

Finally, we desire to emphasise our few remarks on the labelling
of speci , not only b , on the one hand, we are convinced
of the usefulness of labels in encouraging good work, but, on the
other, because, though we have seen a large number of school
museums, we have never yet met with a single one in which a good
method of labelling had been systematically carried out.
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THE S8CHOOL AQUARIA

THE value of school aquaria can hardly be over-estimated, for the
creatures of our ponds and streams exhibit & wonderful variety of
structure and habit, and cqually wonderful adaptations of structure
to habit and bl to en t. Many of them, too,
undergo remarkable metamorphoses that are very easily observed.

We propose, in the prosent chapter, to give some general hinta

a8 to the establishment and t of aquaria, and to diapose
of the imaginary difficulties that are 80 often supposed to exist in
tion with this d t of the nature work.

First, then, as regards the vessel or vessels to be employed, it
should be stated at once that expensive aquaria of the patterns most
frequently sold are not at all necessary.

If a rectangular tank is desired, & glass accumulator cell or
tank is by far the cheapest kind. True, the slight unevenness
of the glass interferes slightly with the vision of objects viewed
through the sides, but many of them are so well made that this objeo-
tion is hardly appreciable. The tanks we refer to are to be obtained
from almost any manufacturing eleotrician, and may often bo
secured, at a very low price, from dealers in second-hand wares.

The well-known bell-jar supported on a stand, is also useful, as
well as the * fish-globes ® that require no stand, but they have the
objection that the glass is frequently very thin and easily broken.

Very large aquaria are required for fishes only. For aquatio
insects and other small aquatic creatures vessels of almost any size
will suffice, down to a capacity of a quart or less.

Even if a very large aquarium has been selected, it must be
remembered that the one is not sufficient. Not only would it be
difficult to keep small things under proper observation in a large
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vessel, but the accommodation must be such that the carnivorous
creatures are always separated from the harmless things they would
devour. The smaller animals, such as bloodworms, the larves of
gnats, etc., may be kept in any kind of wide-mouthed bottle, glass
flask, or even tumbler.

It is often stated that the top of the aquarium should be very wide,
in order that a large surface of water may be exposed to the air for
the absorption of oxygen. This advice is good, from a general
point of view ; but it is possible, as we shall see, to stock an aquarium
in such a manner that we are practically independent of the atmo-
sphere, and therefore do not need such a large water-surface.

Again, we believe that failure to keep a school a,qun.num in good
order often anses from the fact that the water-surface is large, and

f collecting such large quantities of dust, especially
while the achoolroom is bemg swept, If an aquarium is well supplied
with growing aquatic vegetation, sufficient to prodnee the oxygen
required by the animal inmates, & small mouth is an advantage
rather than otherwise for a sehool n,qu&mun, especially as concerns
those schools in which the ping op are so conduoted as
to fill the air with poisonous dust,

Our advice, then, is briefly this: Secure at least one large
vessel—the larger the better, for fishes; and several smaller ones
for the accommodation of the small forms of pond life. Arrange
them all in a good light, but not where they will receive the full
force of the summer sun, and all at a convenient height for observa-
tion. If there is not window space for them inside the school, place
them on shelves outside, preferably against a wall facing the north,
80 that they shall not become heated by the direot rays of the sun,
Of course these outside aquaria must be brought inside during frosty
weather, or the formation of ice may lead to damage.

Permanent outdoor aquaria are very useful, especially for the
purpose of keeping ﬁshes, other rather large aquatic animals such as

and pi ls, also for the growmg of large a.quauc

plmu. A lugetubmllmakenvery tisfact
A very useful one may also be made byoonstruof.mg a luge. strong,
wooden box, say about four feet long and wide, and fifteen inches
deep, and lining this with & thick layer of Portland cement mixed
with about an equal quumty of sand. Such an aquarium might
be made by the children tk The 1 work, under proper
guidnnoe.will be lgoodtmmng for thpm, and they will also be able
g the propertics of cement. 1f the
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cement oracks during the drying, as it probably will, the cracks
may be filled by runnin into them some neat cement made very
thin.

Having p d the utensil y, the next thing is to
introduce some kind of soil for the purpose of holding the roots of
the aquatic plants. Large outdoor aquaria should have a layer of
olayey soil, a few inches deep. Indoor aquaria may have a corre-
sponding quantity of well-washed coarse sand ; but if they are to
oontain aquatic larvee or other creatures that find their food in mud,
then a little mud from a neighbouring pond may be substituted for
the sand.

Next, introduce some aquatic plants. These, under the influence
of hght, absorb the carbonic acid gas pmducad by the resplmuon of

imals, and, after d posing this gas (which is an im-
portant plant food). set free oxygen. Thus they tend to keep the
water in a proper condition for animal respirati The pond
woeds also add considerably to the general appearance of the
aquaria, and, in some instances, provide food for the animals.

Some aquatic plants are far more suitable to our purpose than
others, and preference should be given to those species which are
easily propagated, grow rapidly, are of suitable size, and give off
liberal supplies of oxygen. Those especially recommended are the
water starwort (Callitriche), hornwort (Ceralophylium), American
pond weed (Anacharis or Elodea) and the river grass (Vallisneria),
while the little floating duckweeds are also pretty and useful.

Not only is plant life essential to the well-being of the aquarium,
a8 we have already shown, but aquatio plants are in themselves very
useful objects for study, their growth and habits being peouliarly
interesting.

They may be planted in the aquarium after the latter has been
filled with water, their roots being simply pushed into the sand or
soil by means of a stick. Some species, such as the starwort and
the American pond weed need not be fixed at all. They grow well
without any soil, and where goil or sand exista the plants will develop
roots and fix themselves. Indeed, if mere fragments of the plants we
have named are simply thrown into the aquarium they will thrive
almost as well as if they were complete plants properly rooted.

Now, with regard to animal life for the aquaris, it is most
important that there be no overcrowding. The water-breathing
creatures introduced should be so few in number that they require
no more oxygen than is liberated by the vegetation present. If
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more than this, it will be necessary, at more or less frequent intervals,
to change the water, but it is far more satisfactory to keep such a
balance of animal and vegetable life in each vessel that a change of
water, with its accompanying disturbance of the living things, is
never y. A well-balanced aquarium ought to remain in a
perfectly satisfactory condition for several years without a change,
the only attention, as far as water is concerned, being an occasional
addition to make good the loss by evaporation.

No more than one or two small fishes should be put in an
aquarium for each gallon of water contained ; while various small
animals that obtain their oxygen from the water, such as water
snails, leeches, and some aquatic larve, may be introduced more
liberally, since they require but little oxygen for respiratory purposes.

‘When estimating the amount of animal life that may be accom-
modated in each aquarium, it is well to distinguish between those
creatures which take dissolved oxygen from the water, and those
whioh, while they live wholly in water, come to the surface for all
the air they require, and therefore do not tend to render the water
unfit for the resplmtmn of the water-breathers. This difference in
the mannerof breathing is easily distinguished by careful observation.
It will be observed, for example, that water beetles, water bugs and
water spiders always come to the surface for the necessary air, and
oarry their supplies down with them, while some of the aquatic larve
thrust their breathing tubes or appendages above the surface, or
even suspend themselvs from the surface-film of the water by means
of their breathing apparatus. Water snails and some aquatic
larve, on the other hand, always remain below the surface, and
obtain all their oxygen from that dissolved in the water

The fish usually selected for aquaria is the well-known gold-fish,
but our ponds and streams will provide even more interesting,
though not so gaudy, species, concerning which a few remarks
have previously been made (page 80).

‘When oollecting pond life for the aquaria—a work that should be
conducted by the aid of a shallow gauze or muslin net with a strong
wire frame and long handle—make it a rule to reject no species
found. There is no need to reject an animal because it is not
known. It will pxovxde aa useful study as any other, and there
is great pleasure in mlnng oneself wquunted with new things.
Following this plan, h , & prod pond will possibly yield
more than can be properly attended to ; but make a selection, and
sort out the different forms of life, placing the different species in
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separate small aquaria for observation. A little observation and
experiment will soon enable one to dotermine what food s nocessary,
and it will often happen that a creatu

in habit, will turn out to be particularly imntmctxvo, and, perhsp-,
to undergo remarkable phoses.

If an aquarium is placed in a strong light, such as in & window
facing south, it will often happen that the glass becomes covered
with a green deposit of a low form of vegotable lifo, sometimes so
dense that the animals within are observed only with difficulty.
‘When such is the case, there is no need to change the water or to
clean the glass. This vegetation, though it obsoures the observa.
tion, tends to keep the water in perfect condition for the animal life.
Whenever it is nocessary to reduce it, simply place a screen of more
or less opaque paper between the aquarium and the window, and the
green deposit will gradually disapp Sometimes the whole of
the water will b harged with floating, green vegetable cells,
but they may bo reduced in the same way.

Water snails are also useful for helping to keep the glass sides of
the aquarium free from vegetable deposits. Some specios will spend
practically all their time in creeping over the glass, feeding on these
deposits as they go, rasping the same from the surface by means of
their hundreds of minute teoth. Bomo creatures, too, are extremely
useful a8 aquarium scavengers, since they feed on any decomposing
matter that sottles on the bottom. Perhaps the most useful of
these is the little crustacean known as the water hog-louse (Fig. 137).

For the purpose of studying the metamorphoses of aquatio
insects we strongly recommend the bloodworm, which developes
into & gnat-like insect, the larva of the gnat itself, and the larve of
may flies, caddis flies and dragon flies. The last of these is carni.
vorous, while the others feed on material which they find in the mud
of the pond or stream in which they live. They may be placed in
aquaria about half filled with water, with a few sticks or some other
means by which they can climb out of the water when about to
undergo their final change; and muslin may be tied over the top
of the vessel to prevent the escape of the perfect insects when they
appear.

‘The water enails will often deposit their spawn—eggs inclosed
in a gelatinous mass—on the glass, and thus give splendid oppor-
tunities for watching the development of the young by the aid of
s magnifying lens.

Woe have now to refer to a matter of very great importance to




234 NATURE STUDY GUIDE

the aquarium-keeper—a matter in which, we believe, tho most
serious of all mistakes is made. It concerns the feeding of the captive
enimals, We believe that more failures are caused through over-
feeding than by any other error, not that the animals devour more
than is good for them, but because the excess of food decomposes,
rendering the water putrid and poisonous.

Make it a rule, then, to give no more food than is found to be
absolutely necessary; and if the food given is not all devoured
in & very short time, remove what is left without delay. Any
small fragments at the bottom may be removed by means of a
glass tube, used after the manner of a pipette. If the water ever
becomes turbid, and emits even a slight odour of putrefaction run
it all off, and fill up the aquarium afresh; but this will never be
necessary in a woll-managed aquarium, kept according to the advice
given above.

Salt-water aquaria should be kept in schools situated near the
sea, for the closer observation of the common animals seen on the
shore; and there is no reason why such aquaria should not be
established also in the schools of inland towns. They are not so
easily managed as fresh-water aquaria, mainly on account of the
fact that the marine plants do not give off oxygen in such abundance
as many of the fresh-water species, thus making the proper aération
of the water a problem of greater difficulty.

Great care must be taken not to overcrowd a marine aquarium
with animal life ; and there will generally,be a necossity for rather
frequent changes of water unless some mechanical means of aérating
it can be devised.

Fresh sea water can now be obtained daily in nearly all inland
towns ; but, failing this, a substitute may be prepared in the form
of an artificial sea water, made by dissolving sea salt (not table salt)
in fresh water in the proportion of seven ounces of the former to
ten pints of the latter.

Before leaving the subject of the management of aquaria we
feel it necessary to make a few special remarks concerning the rearing
of frogs and other amphibians from the spawn. And we do this
not only because we regard the metamorphoses of amphibians as
peouliarly interesting and instructive, but also because of the many
difficulties and failures that have been brought to our notice, and of
the numerous questions that have arisen in consequence.

Frogs' eggs are to be found in almost every pond and ditoh during
the latter part of March and in early April. The maas of spawn laid
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by s single frog is very large after the gelatinous coverings of the
embryos have absorbed water, and it consists of hundreds of eggs all
joined together.

Tt is a very common mistake to put this whole mass of spawn into
an aquarium of a medium or small size, with the result that the air
supply for the hatched tadpoles is quite insufficient; and further

trouble arises when the ted gelati matter d I
rendering the small amount of water quite putrid and, perhaps,
causing the whole colony to perish.

If it is desired to rear the complete offspring of the frog, a large
aquarium must be used—one holding soveral gallons of water, and
it must be very liberally supplied with aquatio plants; but if such
an aquarium is not available, divide the mass of spawn by ocutting
through it with a blunt knife as it lies in & shallow dish of water, and
nover put more than a score or so of eggs for sach gallon of water
the aquarium holds.

At first the tadpoles feed entiroly on vogetable inatier, and they
may be seen rasping away the tender leaves of the piants with their
horny jaws.

The aquarium should be in & good light, and it will be all the
better for a few hours (not more) of dircet sunlight during each day.
The strong light will encourage the development of a groen vegetable
deposit on the glass of the aquarium, and the young tadpoles will
rasp this away with their jaws, thus giving a splendid opportunity
of observing the manner in which they feed.

After a few woeks they require animal food, and will then readily
attack almost any kind of dead animal matter, such as a dead worm
or a piece of meat. It is important to observe, however, that no
more animal food must be supplied that they actually require, for
any excess, left in the aquarium, will become putrid, poison the
water, and cause the death of all the inmates.

A small piece of tender meat may be suspended in the water by
means of a thread—a plan that allows the food to be changed and
renewed without any difficulty.

As the lungs of the tadpoles develop, the latter may be seen
coming to the surface for air, and it is then necessary to float &
small sheet of cork or a piece of thin, light wood, in order that
the creatures may rest at the surface as they require.

It is important to note, however, that as soon as the young
frogs show a decided tendency to leave the water, they should be

ved from the aquarium, and either placed in & vivarium, the
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bottom of which is covered with damp turf and which contains
a shallow vessel of water, or else set free in the school garden
or on some neighbouring grass land.

We do not recommend the keeping of very young frogs in a
state of captivity unless the keeper is prepared to spend a great
deal of time in providing them with the proper food. At this period
they require a large number of very small insects, together with very
minute worms and slugs that they are capable of swallowing whole ;
and the collection of this food will often prove so difficult, or will
take up so much time, that there will be some danger of the loss
of the captives by starvation.

If, on the other hand, the young frogs be set free on a patch of
grass land, where there is some kind of cover in which they can
hide when the day is bright, they may still be seen occasionally, and
their progress noted.

The life-history of the toad is practically the same as that of
the frog, and the same treatment is necessary in renring the tadpoles.
The eggs of the toad are usually deposited a little later than those
of the frog. They may be seen in ponds during April, not in rounded
masses like those of the frog, but in very long strings, entangled
among, and supported by, the pond weeds.

Newts commence to deposit their eggs in early spring, and
often continue the operation of egg-laying for weeks or months.
The eggs are laid singly, usually on the under side of the leaf of an
aquatic plant ; and the female often curls the leaf on which an egg
is deposited, by means of her hind legs, apparently to protect the
egg from being devoured.

If a few pairs of newts be placed in a large aquarium, furnished
with an abundance of pond weed, during the early spring, the
process of egg-laying may be observed, as well as the metamorphoses
of the young.

‘While the tadpoles of the frog and the toad are very similar in
their app and phoses, those of the newts are
different in many respecta. The latter are of a much lighter colour,
with bodies more elongated. Their external gills persist much
longer, the fore legs appear before the hind ones, and the tail does
not disappear,




XIv
THE SCHOOL VIVARIA

In this clmptm we shnll mc]udo the appliances necessary for the
keeping of reptil lluscs and a few other kinds of
n.mmn.ls, letmng the dmacuons for the management of mammals
and birds, and for the rearing of insects, to be dealt with later.

A reptile case should be large, with a front and back of glass,
A convenient size is 3 ft. long, 1 ft. wide, and 18 in. high. A good
one may be made, at a very low cost, with bottom and cnds of
wood, grooved to receive the glass back and front, and & top of
perforated zino that is quite secure as far as the escape of the*
reptiles is concerned, but easily lifted when occasion requires,

It should be placed in a window where it can receive direct
sunshine. The bottom may be covered with coarse, clean sand, or
shingle, strewn with some loose moss ; and a few branches or twigs
should be introduced in order that the creatures may be able to
climb. A shallow vessel of water is also necessary for the animals
to bathe in and drink.

Such & case may contain either or all of the British lizards—
the common lizard (Lacerta vivipara) which may be caught on
heaths and banks in most parts of the country, the sand lizard
(L. agilis) which is frequent on sandy heaths, and the blind-worm
or slow-worm (Anguis fragilis), & snake-like lizard without legs,
frequent on heaths and commons and along the borders of woods.
A fow foreign species are also very suitable for observation in
captivity, and among these we may particularly mention the green
lizard (Lacerta viridis) and the, wall lizard (L. muralis), both of
which are well-known continental species that are frequently seen
on sale in the naturaliste’ shope of our country.

The common English ringed snake or grass snake also makes an
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interesting pet ; but, as we have previously stated, the venomous
viper or adder should not be introduced into a school vivarium
unless it is thoroughly understood by the teacher in charge; and,
if kept, should always be secured in a locked case of which the
teacher has charge of the key.

Both snakes and lizards may be housed in the same case, but
it is better to keep them separately, since the grass snake will
sometimes swallow a lizard.

The lizards feed on small worms, slugs, caterpillars and various
other insects, and spiders; while the favourite food of the grass-
snake consists of frogs and newts. In both cases the prey must be
presented alive, for neither lizards nor snakes will, as a rule, touch
anything that is dead or motionless. The water should be renewed
frequently—at least two or three times a week.

It must be remembered that both lizards and snakes are good
climbers, and thus it will be necessary to see that there are no
crevices or other spaces in any part of the vivarium through which
the creatures oan esoape, bearing in mind, too, that they can

¥ lves through openings which appear much too small
bo admit their bodies. It is a convenience to have a hole, guarded
by a sliding door, through which the food may be introduced, so
that it is not necessary to raise the top every time the creatures are
to be fed.

Under their natural conditions, snakes and lizards hibernate
throughout the cold season—from October to March—taking no
food, and if, in captivity, they are placed in & cold room during
this period, they will remain in the same state. If, however, the
creatures are kept in a warm room during the winter months, they
will remain more or less active, and will require an occasional
meal.

The food given should never be larger than the reptiles can
swallow whole, since the latter are unable to divide it with their
small teeth. Further, the food should not be provided in excess,
for the undevoured prey will, sooner or later, die in the vivarium,
and the decomposing bodies will give rise to unpleasant and in-
sanitary conditions. Feed the animals as long as they are eager for
food, and remove all excess of food.

At times it will be neceesary to clean out the vivarium. For this
purpose, remove all the reptiles and turn out the shingle and moss.
Then olean the glass, and supply fresh shingle and moss, or return
the same after it has been well washed and dried.
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The reptiles will soon become very tame if properly cared for,
espocially the lizards, which will, before long, accept their food from
the hand. In this condition, too, they may be handled freely for
closer observation.

A vivarium constructed of wood and glass, similar to that
suggested for reptiles, will also suffice for the amphibians—frogs,
toads and newts—but one mado entirely of metal and glass is better
for the latter creatures, since it must always be kept damp. If
wood is used for the bottom and ends it should be painted (two or
three coats) inside as well as outside. A shallow dish of water should
be provided; and the whole of the bottom, except the space ocoupied
by the dish, should be covered with a largo turf. A little shelter,
made by loosely piling up some stones in one of the corners, will
also be a useful addition.

The turf should be ocoasionally sprinkled with water if it becomes
dry, and the water in the dish will require to bo changed at intervals
of & day or two. A fresh turf will also be supplied as appears
necessary.

The amphibians will require small worms, slugs, and various
insects as food ; and frogs, toads and newts may all be kept in the
same home.

It should be observed that the adult animals of these species
prefer a pond as their home during early spring—the breeding season.
At this time it is better to keep the frogs and toads in a garden pond
(page 254), and the newts in any kind of aquarium. Later in
the year, when the deposition of eggs is over, thcy may all be
transferred to the vivarium as above described.

Buails, slugs, centipedes, millepedes, boetles, and various larve
that are to be found in the svil may be kept for observation in almost
any kind of case with one or more glass sides and a movable top
of perforated zinc. Any wooden box of suitable dimensions may
be adapted to this purposo by replacing one side with glass, and
fastening perforated zine over a large hole cut in the lid.

Speaking generally, there is little noed of keeping such creatures
8 those above mentioned in captivity, for they can be so easily
observed out of doors, There are times, however, when it is
advisable to retain them for a period for close or continuous
observation in order thnt their gxowt.h may be watched, their
habits more tely d ined, the development of the eggs
obeerved, cte.

A vivarium intended for the above purpose should have a rather
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deep layer of soil at the bottom, and a shelter of some kind provided
for the creatures which require it. The soil should be kept damp
by an oceasional sprinkling of water, and renewed when necessary.
The proper food should, of course, be regulerly supplied, and any
excess removed in order to p t the unpl and d

results that may arise from putrefactlon.

Many of the creatures that inhabit the soil of the garden are

turnal, and, quently, will remain under cover throughout
the day. It will be necessary to turn them out of their hiding-
places if they are to be observed during the daytime, and to watch
them with the aid of artificial light after dark,

Many also are of carnivorous habit, like centipedes, some mille-
pedes, and numerous beetles and their larve, preying on the weaker
creatures which they capture, while some feod on decomposing
organic matter, as the carrion beetles and the grubs of various
flios.

It will thus be scen that many of our garden creatures havo
habits that render them unfit for an indoor life of captivity,
yot there are times when it is convenient to house them for a
short period to carry out certain observations that would prosent
difficulties out of doors.

In order to study the interesting habits of earthworms it is
necessary to prepare & special kind of vivarium: Procure or
construct 8 wooden box about 1 ft. long, 6 in. wide, and 1 ft.
high, but with one of its broad sides (1 ft. square), which is to be
the front, of glass for observation. Perforate the bottom with
soveral very small holes for drainage, and make a well-fitting lid
of perforated zinc for the top. None of the perforations, either in
the top or bottom, should be sufficiently large to allow a worm of
moderate size to pass through, nor should there be any cracks or
crevioes large enough to allow its escape.

Fill the box, to within about two or three inches of the top, with
two or three different kinds of soil, arranged regularly. Thus, at
the bottom there may be a fow inches of & dark-coloured loam, above
this about as much yellow loam, and above this again a layer of dark,
peaty soil. Each soil should be sifted before it is introduced, and
pressed down rather compactly with a block of wood so that its
surface is level and even, and the soil itself free from spaces of any
appreciable size,

When the soil is ready, scatter a few small fragments of dead
leaves on the surface of the upper layer, introduce several large
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earthworms, and sprinkle the soil with water unless already rather
damp. In any case a sprinkling of water will be necessary at
frequent intervals, for the doil must always be in a damp condition.

In & short time some of the burrows of the worms will be seen
close to the glass, worm castings will be observed on the surface,
and fragments of dead leaves that havo been pulled down into the
burrows.



xv
THE REARING OF INSECTS

Few natural history studies are as fascinating as that of the meta-
morphoses of insects ; and in proportion as the changes which these
creatures undergo excite wonder and surprise, the study of them is
valuable as a means of creating a dosire to search into the marvellous
ways of Nature in all her aspects.

Moreover, this branch of the nature work is particularly easy of
accomplishment, for the material is always to be found readily
either in town or in country, and there are but few difficulties that
stand in the way of success.

The rearing of any one species may be started with the eggs or
with the larva or grub; and preference will be given, as a rule
for obvious reasons, to herbivorous rather than to carnivorous
species, especially if the rearing is to be conducted indoors.

If we start with the eggs it will be well to remember that the
female insect generally deposits these on the food-plant or food-
material that the larve require; also that while some grubs will
eat only one particular kind of food, others are less restricted in
their habits in this respect. For example, while the larve of the
pretty tortoiseshell butterfly (Vanessa urtice) feeds only on stinging
nettles, those of the well-known painted-lady butterfly (V. cardus)
may be found feeding on mallow, burdock, cud-weed, viper's bugloss,
and several species of thistles.

' Ihclumrofthseggsofminmtbedmooveredonthetw:gof
8 tree or on the branch of a plant in the garden, and it is desired
to find out what they are and how they develop, inclose the twig
or branch in a muslin bag, the mouth of the latter being tied securely
round the baseof the former. When the younglarve emerge from
the egg they will have sufficient food within to last them for some
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time, and the bag may be carefully removed at times in order that
their progress may be better obeerved; also, when they have
devoured all the food inclosed in the bag, they may be carefully
transferred to another branch and secured as before.

Of courss it is not absolutely necessary to imprison the grubs
at all, but the probability is that if they have full liberty there will
often be some difficulty in finding them. It is almost cortain, too,
that many of them will bo devoured by insectivorous birds if left

d, or attaoked by i flies and other parasites.

"Larvee secured on the growing plant or tree as above described
may be so treated until they are fully grown and ready to change
to the chrysalis or pupal condition, but while some species always
descend and burrow into the ground when about to undergo this
change, others protect themselves by silken or other cocoons, or
secure themselves by means of silken cords or webs, and change
above ground. If the habits of the species under obwervation are
unknown, or if it is desired to keep them indoors for closer examina-
tion, the larve may be transferred to a suitable cage such as will
be presently described.

Sometimes tho eggs or caterpillars of a cortain butterfly or moth
may be seen on the leaves or stem of s low-growing plant in the
garden, in which case, supposing it is desired to rear the inseota out
of doors, the whole plant may be inclosed in a muslin bag tied round
the base of the stem. If it happens to be a species which is known to
burrow into the ground when about to change to the chrysalis, the
muslin bag, instead of being tied round the stem of the plant, may
be sewn to a ring of wire, and pinned down close to the ground by
means of pieces of wire bent into the form of hair-pins. Then,
after the change to the chrysalis has taken place, the insects may
be dug out of the ground and transferred to a box kept in the
schoolroom, in order that the perfect insects may be observed, and,
if ol t fi ble, even the act of emergence from the
chrysalis case. The caterpillars of the large white butterfly
(Fig. 41), thesmall white butterfly and the cabbage moth (Fig. 208),
may all be reared out of doors in the manner described. The first
two of these will probably fasten themselves to the muslin bag by
means of silken cords when they are about to change to the chrysalis,
and when they have all changed they may be brought indoors, still
inolosed in the bag, in order that the final metamorphosis may be
observed. The last-named insect burrows into the ground before

changing.

B2
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All three of these insects are commonly seen on cabbages,
where they prove themselves very destructive, but they also feed
on other plants of the same order.

Cages for rearing insects indoors may consist of boxes with
glass fronts, movable lids or doors, and finely-perforated zinc
at the top, back, or sides to allow of ventilation. About an inch
of dry, sifted soil should bo placed in each box, and the food-plant
which, of course, should always be renewed as it is devoured or
loses its freshness, may be fixed in & small jar or wide bottle filled

F1q, 184 —ANOTHRR ARRANGE-

MENT FOR REARING INREOTS.
F16. 183.—A OAGE FOR RRARING THE MOUTH OF THE BELL-JAR
I8 OOVERED WITH MURLIN.

with wet sand. The food-plant should not stand in a vessel of
water unless there is some arrangement for preventing the insects
from falling into the water, or several may be lost by drowning,

A very healthy cage for the rearing of caterpillars may be made
by fixing & cylindrical muslin bag, with a draw-string at either
end, to two rings of wire. Such a cage may be suspended by one
draw-string, while the other is tied round the neck of a bottle of
wet sand that supports the food-plant. The upper end, of course,
serves the purpose of & door for the introduction of insects or food
(see Fig. 185).

‘Whatever be the form of cage used, cleanliness must be observed.
All waste food and all excrement must be removed at suitable
intervals, and, if there is a layer of soil at the bottom, this also
should be renewed occasionally,

We have already referred to the rearing of aquatic inseots
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such a8 gnats, oaddis flies, dragon flies, eto., in our chapter on the
schpol aquarium.

The observation of ants and their wonderful habits is extremely
interesting, The large wood ants, the hills of which are so fre-
quently seen in woods and on shady banks, aro best obsorved out
of doors, but tho smaller garden ants may be very successfully
kept and reared in an artificial glass nest in such & manner that
all their ts, habits and met;
phoses may be studied in the schoolroom.

There are two very common species of
these smaller ants, the black and the yellow,
both to be found in our gardens and, in fact,
almost everywhere. The latter is, perhaps,
the better for keeping in confinement.

An artificial ants’ nest may be made aa
follows: Cut a slab of wood about 10 in.
square and half an inch thick. Fix all
round the edge of this, on the upper surfaco,
by means of small brads, a border of wood
having & cross-section of a quarter of an
inch square. Cut a picco of window glass
that will exactly fit into this raised border,
and drop it into its place. Cut strips of
felt or cloth (about a twelfth of an i=ch thick)
about half an inch wide, and place these all
round the glass, on its upper surface,
forming a continuous border; then cut a
second piece of glass, the same size as the
first, and lay it on the folt. The nest now
consists of two plates of glass, separated by  pig, 185.— Moy Cace
means of the felt to such a distance that there 7B RrRaRING INgoTS,
is only just room for ants to move about
freely between them, and the whole contained in & very shallow
wooden box.

Next, cut away about a quarter of an inch of the wood border,
preferably at the middle of one end of the frame, and also divide
the felt at the same place, thus leaving a small doorway for entrance
sad exit. Finally, fill the space between the two sheets of glass
with fine sifted soil that is very slightly damp.

‘The nest is now complete, but it should be inclosed in a shallow
box, about two or three inches longer than the nest itself, and only
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sbout an inch deep. The box must be covered with a glass plate,
but the latter must lie so truly on the former that there is no possible
escape for the ants. The best way to make it quite secure is to
glue strips of velvet all round the edge of the box for the glass to

F10. 186.—PLAN OF AN ARTIFICIAL ANTS' NEST,
w. Wood border,  g. Glass, . Felt.  d. Door.

F1a. 187.—S8ECTION OF THE SAME ANTS' NEST,

= g
///////I////'//////////////l//m// / / 2
F16, 188.—THE NEST INCLOSED IN A SHALLOW BOX WITH A GrasS L,

rest on. All is now ready for the introduction of the ants, which
may be carried out thus:

Remove the covering glass of the box, and lay a sheet of brown
paper on the upper glass of the nest, the paper being of about the
same size a8 the glass, Now search for an ants’ nest in the garden
or—anywhere, being provided with a small trowel and a tin box
with lid. The whereabouts of a nest may be soon ascertained by
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watching the movements of ants, and it will probably be found
under the cover of a large stone. Expose the nest suddenly, and
s0oop up, by means of the trowol, as many ants as possible, together
with their larves and ‘eggs’ (pupm), but not much soil. Throw
the whole into the tin box, and close the latter quickly. Now
turn out the contents on the sheet of brown paper that covers the
artificial nest, and quickly roplace the glass cover of the box.

The ants may now be watched through the glass cover. They
will be seen hurrying in all directions, carrying eggs, larve and
pupee, and searching for a suitable home in which to sottle down
and restore order.

At first they will prob avour to establish & new homo
among the earth that was thrown in with them, and they may
be satisfied with this g t for many hours, or even days;
but sooner or later the soil will bocome too dry, and the ants will
not be content with the imperfect protection from light afforded
by the small amount of soil. 8o, at last, they will convey all their
eggs and young to the prepared nest between the two glasses
where the darkness and damy are more congeni

When this is done, remove the brown paper and the soil on it,
roplace the upper glass, and cover the whole with & sheet of brown
paper to keep the interior dark. The paper may be removed at
any time for observation, but should always be replaced as soon as
the observation is over. The upper glass may also be slid along
alightly in order to introduce food, and, ionally, & sprinkling
of water to maintain a slight dampness within.

The ants may be fed on fruit, small pieces of meat, crumbs of
bread, small insects, honey, etc., these materials being dropped
into the box at the space loft for the purpose, the doorway of the
nest being, of course, at this ond.

With the arrangement above desoribed it will be possible to
observe all the mo ts and met; phoses of the ants; and
the same colony of insects, if properly treated, may be maintained
for a very long time,

The observation of hive-bees is, of course, highly instructive ;
and while the study of bees is espocially valuable in country schools,
since bee-keeping is s0 often  very profitable occupation of villagers,
there is no reason why hives should not be established in the gardens
or playgrounds of town schools, whero they are often very sucoessful.

If the teacher himself is not experienced in the t of
bees, he will generally, at loast in the country, be able to secure
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the assistance of a neighbouring bee-keeper in allowing himself
and his class to witness the interesting manipulations that form
the principal part of the bee-keeper’s work.

Observation hives may be purchased (or emsily made) that
will allow a view of the ts and development of the bees
within ; or any ordinary box-hive may be converted into an observa-
tion hive by outting a large piece out of one or more sides, fitting
the holes with glass, and providing & wooden door to keep the
bees in darkness except when observations are being made.




XVl
OTHER PETS FOR STUDY
Maymars Axp Biros

TrE study of our common domestic animals and beasts of burden
is most interesting and valuable, but such study is, of course,
best conducted in the home or in the field, as the case may be;
but certain small mammals, kept in captivity, afford equally
valuable opportunities for observation; and tho care of such,
handed over to the children, under proper supervigion, does much
to create an interest in animals, and to correct the all too common
tendency to destroy living creatures or to treat them unkindly,
while it must also lead to a more accurate conception of one’s
duty towards one’s fellow creatures.

But in order that the above aims may be realised to the fullest
possible extent it is absolutely essential that all pot creatures
receive the utmost consideration as regards their health and comfort.
Their homes should be large and roomy, and kept ecrupulously
clean, and the creatures themselves well fed und supplied with
every necessity demanded by their individual habits.

In order to obtain the greatest educational advantages from
the study of the pets selected, all the children should, in turn, have
the opportunity of taking an active part in their management ;
but the one or two scholars who, for the time being, are entrusted
with the ch.lrge should be Allowed the sole responsibility with,
of course, the g of a directi

While the ]uger pots are suitablo only for out-door hutches
or cages, some of the very small ones are not at all objectionable
in the classroom providing they are kept in a scrupulously clean
condition, The former, however, should be housed in such & manner
that they may be readily transferred to a sheltered spot on the
approach of severe weather.
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Wild animals that have been caught or trapped should never
be caged ; for although they may eventually become very tame,
the early, and perhaps lengthy, period of mm.‘d.lty and constant
efforts to escape can hardly have a beneficial i on child
who observe them. Yet we would not rigidly insist that every
pet animal must necessarily be one that was born in'captivity, for
we have seen many instances where stray young animals, picked
up in the open, have b almost i diately attached to their
new keeper, and so well pleased with their new home and kind
treatment that they have, from the very beginning of their new
life, refused liberty. The tamest and most fearless rabbit we have
ever seen was, perhaps, the young one that, wounded and frightened,
was rescued from the jaws of the voracious stoat, and transferred
to a cosy hutch where it was well cared for by its rescuer; and
the sauciest and most amusing of tadle squirrels was probably
the one captured as soon as it was strong enough to leave its nest,
and similarly housed and treated.

Where several pet mammals are kept, it is advisable, if
possible, that these be representatives of different groups, so that
the observations may include those of a greater variety of habit
and structure; but, unfortunately, the small British mammals
suitable for the purpose are nearly all rodents, such as the mouse,
dormouse, squirrel, and rabbit. There are several small British
carnivorous mammals, but, even when perfectly tamo, these species
are always more or less objectionable as pets ; and thus our obser-
vations of tame mammals are almost entirely restricted to the
rodents, the larger domestic herbivorous beasts, and the carnivorous
cat and dog.

As regards pot birds, other than the species which belong to the

.ordinary farm-yard stock, many of the rules above laid down
for mammals are equally applicable.

Wild birds that have been trapped must not be caged. The
act is a oruel one ; and, to any lover of Nature, the violent struggles
for liberty, during which the imprisoned bird often ds itself
by its frantic efforts, present a most painful spectacle. Children
should never be allowed to become familiar with such sights.
Mmy wild species can be observed most easily in the open; and,
in fact, it is only when they are under natural conditions that we can
study the most interesting of their habits. It is an easy matter,
too, to encourage many of our feathered friends to feed regularly
in our own gardens and on our window sills, and to cause them to
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become so familiar with us that we may approach them very
closely without producing any signs of fear.

Conoerning the caging of wild birds, some would make exceptions
in the case of several species, mostly foreign, that very readily adapt
themselves to a life of captivity; but, generally speaking, we
would restrict our observations of cage-birds, at least for school
study, to birds that have been reared in captivity. We have had,
and soen, howover, most interesting pets of our wild species that
have been reared under exceptional circumstances, and which
have become so tame and so thoroughly adapted to their homes
and their treatment that they refusod their liberty when the open
cages were put out of doors.

Among these we may mention sparrows, thrushes and other
birds that had fallen, when in a very young and helpless condition,
from their nests, or which had been deprived of their parent or
parents by the murderous gun of the sportsman or by some calamity,
and then fod by hand until they were old enough to take care of
themselves ; also & chaffinch that was picked up in & starving
condition on & severe winter's day, and warmed, fod, and com-
fortably housed. Feathered pets obtained under such ci
become very strongly attached to their homes and their owners,
and therefore give most f ble opportunities for study.

We can very strongly recommend the common ringed dove as
s valuable pet for study, for this bird, when thoroughly familiar
with its owner or owners, will allow itself to be very closely observed,
and even to be very freely handled. This bird may be kept in a
large cage out of doors throughout the greater part of the year,
requiring shelter only when the weather is very cold. We have
had one for many years that would accept its food readily from
the hand of any person, even a stranger, and feed its young without
the slightest hesitation while closely surrounded by & crowd of
obeerving children ; that, when removed from its cage and placed
on a table before a class of juveniles, would allow iteelf to be closely
examined and handled, and permit its wings to be extended for
the purpose of observing the joints and the arrangement of the
feathers; and, while the object lesson was proceeding, this bird
would never resent such interference, nor would it ever attempt
to fly except o far as the shoulder or head of exther tho teacher or
one of the children. Such tame creat L
forlohoolutudm,udsnchmeuﬂywbepmcumduthemult
of kind and proper treatment.




XVl
THE SCHOOL GARDEN

TrE school garden might be made & very valuable aid to the study
of Nature. In town schools, far removed from ficlds, woods and
country lanes, the garden is & means by which interesting living
things, that would otherwise be seldom seen, may be reared and
studied by the children. In the case of village schools, already
surrounded by wild life in all its phases, it may be made the means
of training the children in pations which have a direct bearing
on the industries of many of the inhabitants, thus assisting the

holars in undcrstanding the principles underlying tho work which
some of them will be called upon to do in afterlife. And in all
schools it should groatly help in training the children in habits

j of diligence, cleanliness, thrift and thoughtfulness.

It is advisable to allow as many children as possible to have
a direct share in the work of the garden. The plots need not be
large, and each one might be placed under the joint control of two
or three scholaia. The care of plants should commence in the very
lowest classes. No child of sghool age is too young to watch the
growth of a seediing, tc observe the gradual development of a plant
to maturity, and to learn the fundamental conditions under which
suoch growth and development take place.

If no plot of ground can be spared for the youngest scholars,
these may at least have a few window-boxes or flower-pots containing
some plants or seeds that are tended by their tiny hands, and
watched day by day by their admiring eyes.

All children, too, should be stimulated to secure, if possible, &
small plot of the home garden, so that they may have the opportunity
of putting into practice the principles learned at school, thus gaining
more confidence in their labours, and securing additional material
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for study. And, whatever boe the nature of the products grown,
whether in the school garden ci at home, every child concerned
should be encouraged to keep a log-buok in which to enter, with
dates, & record of each operation performed and of the principal
stages in the life-histories of his plants or crops.

Further, although it may be considered advisable at times to
allow children, engaged on different plots, to grow the samo product
at the same time, either under similar or different conditions, in
order that the results may be compared, yet it is well, as a rule, to
introduce & considerable varioty as regards the things cultivated,
Each child will then have the opportunity of studying the varying
productions of his schoolfellows’ gardens ; and if arrang aro
made for a free circulation of tho garden log-books among tho
members of the same class, so that each child is enabled to follow
the ds relating to the plot ined for the time being, tho
advantage to all will be enormous.

As regards country schools, we have alroady suggested that
particular attention may profitably be givon to tho study of the
produce raised in the locality for home cone imption or for the
market ; but since the ability to raise such produco successfully is
by no means an essential qualification of the country teacher, the
advice and aid of a local gardener will often prove of great value.

With this aid, if such be y, let the child d
to cultivate some of the principal produce of the neighbourhood ;
and, comparing the results with those obtained by the expetienced
hand, endeavour to find out the causes of any want of success. Lot
them compare the products of poor soil with those grown on rich
land, and thus learn something of the nature and value of both
artificial and natural The senior children may be taught
to bud and to graft fruit trees, and to watch the results of the pruning
of both branches and roots ; and, wherever they find results superior
to those produced by their own efforts, they should be taught to
search into the causes of the difference, and to strive for the best
returns.

Bntalthonghthel duction of Yeatabl p 1 is & very
useful training for the children of village schools, and is likely to bo
of much value to them in future years, yet, as far as tho study of
Nature is concerned, it is vastly inferior to the observations of wild
plants and trees in their natural habitats. A child may learn to
produce rare and choice flowers in a tidy and well-kept garden, but
he will learn much more of Nature and her wonderful ways in &
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weedy bed, where all plants grow entirely undisturbed according
to their natural habits. Here he will be able to see flowers which,
though often small and inconspicuous, are natural and beautiful,
to watch the varied and interesting habits of the plants, the struggle
for existence, and the survival of those which are best fitted to
maintain that struggle.

We very strongly recommend the study of our common weeds.
Although, as a rule, we should insist on the thorough tidiness of
garden beds, we lose much if we have not a patch of waste ground
to ob&erve. Let a small plot of ground grow wild, and even assist in

ng the wild character of the plot by scattering the seeds
of wild ﬂowers, and by setting roots of various herbs that have been
dug out from banks, hedgerows and waste places. Here we shall
have a curious mixture of erect, prostrate and decumbent plant.s
climbers and trailers, some prod 'y organs g
to their present reqmrements others creeping or twining or other-
wise supporting themselves as best they can according to the
exigencies of the situation.

Such a weed-garden is most useful in the case of schools so
situated that there are but few opportunities for observing plants
in their natural habitats, for it provides a means of noting the habits
of the plants grown, including the manner in which they struggle for
the light when overcrowded and in which they strive to invade the
surrounding territory, also how they fight for the most favourable
conditions under which to perpetuate their species.

And it is not at all difficult to make arrangements for the purpose
of growing many of the wild flowers in conformity with their
habitats. Thus, we may prepare & bed in a shady corner, form a
bank in a sunny spot, and throw up a stony heap, planting each
with roots of wild flowers from corresponding situations, and
supplying suitable supports as required by the climbing species.

Nor is it difficult to provide patches for the dation of
plants which seem to be partial to particular soils in the neighbour-
hood of the school, including, perhaps, a sandy bed, & bed of clay,
a patoh of chalky soil, a small bed of peat or other organio soil, a
miniature marsh, and a small pond for aquatic plantas.

A little garden pond suitable for the study of aquaho phnta,
and equally useful as & home for aquatic or
may be formed by digging a hole in thegronnr] beating the soil
ﬁmlynllround to give it firmness, and then lining it with conorete ;
or, easier still, sink a large tub into the ground so that its edge is
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on & level with the surface of the soil. In either case, a layer of
soil will be required in the pond to give the necessary hold for the
roota of the plants introduced ; and if the pond is always kopt quite
full, with rather frequent additions of water to causo a slight over-
flow, the surrounding soil will be kept sufficiently damp for tho
growth of some of the very interesting semi-aquatio plants.

The same arrangement will answer well for the miniature marsh,
the only difference being that the pond or tub is practically filled
with soil which is kept saturated with water.

Let the teacher, or, rather, the childron supcrintended by the

F10. 189.—NESTING BOXES FOR BIRDS.

teacher, prepare such & garden as we have describod, with its shady
corner, sunny bank, little pond and miniature marsk, together with,
if y, & fow small patches of ground composed of special soils
found in the vicinity of the school, and plant them all with wild
plants collected during school excursions, and he will find it far
more valuable, from a nature study point of view, than any well-kept
garden filled with the choicest specimens of the florist's production.
Such a garden will supply not only & wonderful varicty of studies
for the open air when the weather is fine, but will also yield abund-
ance of material for closer ination in the school or at
home.

And in addition to the various features mentioned above, the
school garden may be made a valuable accessory to the study of
various forms of animal life.

Not only will it form & natural home for all kinds of creeping
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things that invariably live in our gardens, but the flowers and
plants will attract bees, flies and various other insects whose move-
ments and habits are full of interest. If it is surrounded by a wall
or perfectly-closed fence, it will permit of the keeping of the
interesting little lizards and the harmless enake in a condition of
semi-captivity ; and, with the addition of the small pond, will
form an admirable home for frogs, toads, and newts.

If the teacher is expert in the management of bees, or, fullmg
this, if the y can be obtained from a neighb
the establishment of an observation bee-hive will greatly i momase
the value of the garden.

Further, every endeavour should be made to encourage the
birds of the neighbourhood by fixing one or two little feeding
tables and keeping them supplied with seeds, bread-crumbs, and
other attractive foods. The little pond recommended will supply
the birds with drinking water, and, with a little landing-stage
sloping down into the water, will provide an excellent bathing-place
for them. Again, if the garden, or & portion of it, is planted with
shrubs or small trees, it may form & suitable nesting-place for some
species, especially if it is furnished with suitable nesting-boxes
in places sufficiently concealed from the general view and traffio of
the playground. The nesting-boxes are very easily made, and our
illustrations will supply all that is necessary for their construction,
due regard being paid, of course, to the size of the birds which it is
desired to encourage.




XVIIT
OUR GARDEN FRIENDS

WE have already referred, on several ions, to various t

of the garden as providing suitable subjocts for study; but, as s
rule, we have not attempted to classify thom, from the gardener’s
point of view, into friends and foes.

There seems to be a general tendency, on the part of those who
roar flowers, vegetables and fruit, whether for pleasure or profit, to
assume that all the creatures which inhabit the soil, crecp on our
plants, or pay passing visits to the garden, are necessarily injurious
to our flowers and crops; and this assumption often leads to an
indiscriminate slaughter of the creatures reforred to, including
many species which are valuablo frionds of those who destroy
them.

In the present short chapter we propose to mention a fow of
our garden friends, and to present a few statements concerning
their habits with a view of encouraging a closer cbservation and
investigation,

Firat, then, as rogards the various species of birds that frequent
our gardens, both in town and in country, we must certainly look
upon them as friends rather than as foes. It is true that some of
them attack certain fruits, and occasionally devour buds and
seedlings ; but it must bo admitted that these same species are
generally greedy dovourers of insects and other creaturcs which
are very destructive to plants and trees ; and that the small amount
of damage they do is far outweighed by the valuablo services they
perform for us.

Those who have seen the sparrow attacking flowers and fruits,
a8 it, oertainly will do at times, should also observe this busy little
bird as it hops about among the garden plants, crops and trees,
diligently searching for caterpillars and other marauders, and sljould
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endeavour to note what an enormous number of garden pests a
single sparrow will destroy in a short time, especially during the
breeding season when the young ones are being fed.

Tits, too, which sometimes attack buds during the winter
months when they are unable to obtain much insect food, are very
voracious devourers of various kinds of insects and grubs throughout
the greater part of the year. In fact, there is strong reason for
believing that tits are frequently accused of eating buds and fruits
when they are in reality only searching out the grubs that attack
these parts of our trees and bushes ; and the same belief is probably
equally applicable to the bullfinch.

Some of the seed-eating finches may be seen devouring the seeds
of our garden plants, and picking up the mewly-sown secds that
havenot been properly covered by the soil ; but it should be known
that the principal food of these birds does not consist of garden seeds
8o much as those of wild plante, including many of the troublesome
weeds that scatter their seeds far and wide to the great annoyance
of the cultivator of the soil.

Then there are the soft-billed birds, such as the thrushes, black-
birds and starlings, which do us & good service by their wholesale
slaughter of grubs, slugs, enails and other very destructive pests.

There is probably also a iderabl t of misund
standing concerning carthworms. They are often accused of
devouring seeds, and of eating young plants. This is not correct.
Their food consists of decomposing organic matter that is mingled
with the soil, and of the fallen leaves that are decaying on the
surface ; and they improve the richness of the soil by converting
their organic food into a form more readily available for growing
vegetation. Moreover, their burrows effectually drain the soil,
rendering it warmer and preventing stagnation.

It is sometimes said that while earthworms do mo harm in
gardens and other cultivated ground, they are very injurious to
plants grown in pots. Under the latter condition it is possible
that the limited space for the movements of the worms makes it
impossible for the creatures to burrow without interfering with the
more delicate root fibres ; and probably the limited supply of food
contained-in & pot of soil compels them to devour living structures
which they would otherwise leave intact.

If earthworms are thus proved to be injurious to pot-plants,
they can be easily brought to the surface by watering the soil with
lime-water. The latter can be made by pouring a gallon or two of
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water on & piece of freshly-made quicklime, stirring the
well with a stick, and then pouring off tho cloar liquid after all
sedimentary matter has settled to the bottom.

‘When earthworms are vory abundant in well-kept grass land, the
numerous castings thrown up on the surface may be somowhat

bjectionable ; but, bering that the worms do not injure
t.ha grass, but rather ventilate, drum and enrich the soil, it is better,
and really less troublesome, to occasionally restore the surfaco of
the soil than to attempt to exterminate the worms.

To accomplish the former it is only necessary to brush down the
castings with a birch broom, and then roll the ground ; but if it
is considered necessary to reduce the number of earthworms, the
safest plan is to go out with a lantorn after dark, on an evening
when the soil is moderately wot, pick off the worms seen on the
surface, and either give them to the poultry or destroy them by
dropping them into boiling water.

When oarthworms are troublesome on gravel paths (and thoy
never are whero the paths aro woll kopt and frequently rolled), thoy
may be poisoned by means of a solution of mercuric chloride (corro-
givo sublimate) ; but the poisoned worms should always bo buried,
and never, of course, given to poultry. We do not, however,
advocate the destruction of earthworms in any way. 'They seldom,
if ever, prove troublesome in gardens where birds are not molested
or where birds are encouraged.

Frogs and toads are very useful in gardens of all kinds, for
they feed entirely on small living creatures, including many of
the insecta that are very
destructive to our plants
and crops. And centi-
pedes, too, which are
often destroyed under
the impression that they
attack plants, are car-
nivorous, subsisting on worms and insects which they hunt at night.

Although snails and slugs are, as a whole, very destructive vegot-
able feeders, yet there is one species of alug (Testacella) that is
commonly spoken of as a gardener’s friend because it feeds on
earthworms. This slug is not very common, and is really an intro-
duoed species as far a8 Britain is concerned. 1t is of & light colour,
with a small ear-liko shell on the posterior part of the body. It is
subterranean in its habits, coming to the surface of the soil only

82
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body, large gauze-liko wings that exhibit transient hues of green
and pink, long antonne, bright golden eyes, and—its unpleasant
odour. Its larva feeds on aphides or ‘ green fly,” of which it devours
large numbers.

FIC. 193.—1HE VIOLET GROUND BEETLE.

FI0, 194.—ICHNEUMON FLIEA,

The eggs of the lace-wing fly are very interesting objeots. They
are white, and are always mounted on the ends of slender threads
attached to & leaf or stem. The thread is formed of a sticky
liquid that is drawn from the body of the fly and which hardens
immediately on exposure to air.

Spiders are times included among our garden friends, bus,
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although it would be difficult to prove that thoy do much harm,
yot it appears very doubtful that they can be of much use. They
certainly entrap and devour largo numbers of flies, but it must be
remombered that theso flies include both friends and foes. The
grubs of some of thom attack our root crops, while thoso of others
are injurious in various other ways. On the othor hand, the larve

“{ ’7 ://
<

FIG. 195, —THR LACB-WINO FLY—SLIGRTLY ENLARCED—AND IT8 EGGA,

of some of the flies are, liko those of the ichneumons, parasites that
feed within tho bodies of destructive caterpillars, while thoso of
other species devour docomposing matter that would otherwise
putrefy and poison the air, and thus arc valuablo scavengers.
Further, somo of the flies dovoured by spiders are speciea which
visit flowers, and therefore aid considerably in transforring the pollen
that is necessary for fertilisation. Those who have obsorved the
habits of spiders, and noted the habits of the flies that have been
seen in the webs, must decide for themsolves whether they will claim
the spiders a8 their friends or pronounce thom foos,



XIX
GARDEN FOES

GARDEN foes are far more numerous than garden friends. From a
nature study point of view it is most unfortunate that this should
be tho case; for, although the study of garden pests is quite as
interesting and instructive as that of the friends, we are often under
the painful necessity of pointing out to our children various creatures
which must be destroyed unless we are willing to submit to their
ravages, with the possibility of the total Joss of some of our valued
plants or crops.

One of the main objects of & course of nature study is to put
the child in sympathy with Nature in all its phases—to create such
an interest in all kinds of living things as will lead the child to see
their beauty and their wonderful habits, and thus teach it to admire
rather than to destroy. Yet, on the other hand, if we are to train

hildren in the p t tion of rearing flowering plants

and raising crops and fruit, we are bound to encourage them to
distinguish between friends and foes, and even to wage a war of
extermination on the latter.

It will be seen at once that this i xs a matter of the greatest
importance in agricultural districts where a large proportion of the
children will eventually be employed in the raising of garden and
field produce for home ption or for the market. So, while
we do our best to point out the beauties of all forms of life, we have,
at the same time, to encourage such observations as will lead to the
discovery of the habits of objectionable species, and to the best
means of reducing their numbers.

Since the number of garden pests is 8o great, we shall necessarily
have to be very brief in our remarks concerning them, and even
have to omit entirely many that must, sooner or later, claim the
attention of every possessor of a garden. Our main object will be




GARDEN FOES 265

to enable the reader to ientify his focs, and to give such hints as
may lead to a discovery of their habits and to the ordinary methods
of reducing their ravages.

Most of the foes belong to the insect world, so we will regard
those first, grouping them according to their structuro and habits
rather than to the nature of the plants which thoy attack.

Caterpillars are particularly destructive. They are the grubs or
larvee of butterflics and moths which, in the perfect or winged con.
dition, do no harm except to deposit tho eggs that are to produce
a new generation of grubs.

‘When an unknown caterpillar is found feeding on ono of the plants
or trees in the garden, put it in a larva cage such as is described
on page 244, feed it on its proper food until it changes to the pupaor
chrysalis, and keep the latter until the emergonce of the perfect
insect takes place. By this means one hecomes acquainted not
only with the habits and metamorphoscs of the insoct concerned,
itself & most intercsting study, but also learns to associate the
objectionable grub with ita final condition. This latter end being
accomplished, much may be done towards tho extermination of the
pest by destroying the butterfiy or moth that would otherwise
doposit a large number of oggs and so give rise to as many grubs
which would continue the destructivo work of their predecessors.

The following are a few brief notes that will assist in.the
identification of the commoncst of our destructive caterpillars
and of the butterflies and moths which give rise to, and produce
them :

The Large White or Cabbage Butterfly (Fig. 41).—Tho cater-
pillars of this species aro of a greenish colour, with three yellow
longitudinal stripes, and several black projecting spots each bearing
a short hair. They do an of damage among
cabbages and nasturtiums during spring, and again in the
summer, for there are two distinct broods in the year. When fully
grown they change to angular chrysalides, of a bluish white colour
with black spots, and these may be seen in sheltered positions on
garden walls and fences, secured by a fine but strong silken cord.
The chrysalides of the first brood should be looked for about June,
and of the second from September to the following March; and
the butterflies appear during April and May, also during July and
August. The butterfly may be identified by the aid of our illustra-
tion, and the male may be distinguished from the female by the
absonce of black marks on the front wings with the exception of
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chrysalis in & cocoon constructed by binding together the bitten
fragments of wood with silk, The moth emerges in June or July.
Similar damage is done to fruit and other trees by the caterpillar
of the Leopard Moth. This grub is yellowish, with glossy black
spots and & black scale behind the head ; and the somi-transparent
wings of the moth are white with blue-black spots. Branches of

F16. 200.—THE LEOPARD Morm,

trees infected with this or the last species should be cut and burnt
during the winter to destroy the grubs.

A pretty moth called the Brown-tail, with whito silky wings,
lays its golden eggs on the under side of the leaves of the apple and
other trees. These eggs give riso to caterpillars which devour the
leaves, living at first under the cover of a common silken tent, but

F16, 301.—~LARVA OF THE LEOPARD MOTH, F10, 202.—THE BROWN-TAIL MoTR

afterwards separating. The caterpillars are black, with brownish
hairs, two red lines along the back, and & broken white line on esch
side. They hibernate through the winter, and are not fully grown
till the following summer. The moth may be seen on the wing in
August and September.

Fruit trees are also seriously damaged by the ages of the
caterpillar of the Vapourer Moth. This caterpillar, which is
variously coloured with brown, grey and pink, and ornamented
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1t .

by peculiar tufts of hawrs, may be gnised by our
When full grown, in the summer, 1t spins & silken cocoon on the
bark of & troe or on a fence, and changes to a hairy chrysalis from
which the perfect insoct emorges m August or Soptember. The

F1G 203 —THE VAPOURER Motn F10 20§ —THE VAPOURER MoTH,
MALE FexaLe

male moth 13 of a chestnut biown colour, and, unlike moths in
general, flios about n the sunshine Tho femalo 18 wingless, and

TG 20, —LARVA OP THE VAPOURER MOTH

soon after she emerges from the chrysalis she lays her eggs on the
outaide of the cocoon  The best way to reduce the numbers of this

Fio 206 —Tue Buye TP MoTi.

1nsect 18 to search for the ogg-covered cocoons durmng the winter
months and destroy them.

Several of our common trees, mcluding fruit trees, are attacked
by the caterpillars of the Buff-up Moth These caterpillars are
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gregarious in their habits, and completely atrip a branch of its
loaves before they leave it for another. They are of a dull yellow
colour, hairy, and marked by several broken, black lines. The moth
is 50 called on account of the buff-coloured patches at the tips of the
front wings. The young caterpillars should be searched for about
the end of June, at which time a large number may be seen crowded
together on a single leaf. As they grow larger they do not keep so
close together, and are then best secured by beating the branches to

FIG. 207.—THE LARVA OF THE BUFF-TI? MOTRH.

cause them to fall to the ground, or by picking them from the
leaves singly.

One of the most troublesome pests of the vegetable garden is
the caterpillar of the Cabbage Moth. This grub, which is of a dark
groy colour, with a darker line on the back and a lighter one on

Tra. 208,—THE OABBAGE MOTH, Ta, 208.—THE TURNIP MOTH.

each side, burrows into the hearts of cabbages. It also attacks
many other plants both of the vegetable and of the flower garden,
as well as various weeds. It changes to & chrysalis beneath the
surface of the soil in the autumn, and the moth emerges about
June. The front wings of the moth are of a dull brownish grey
colour, mottled with darker tints, and marked by an irregular,
lighter line parallel with the hind margin; and the hind wings
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are smoke-colour. The esterpillars should be removed by hand
and destroyed, and their ravages may be lessenod by means of a
liberal sapply of strong soapy water. A frequent hoeing of the
ground in autumn and winter will expose or dostroy the chrysalides.

The Turnip Moth is somewhat similar to the last, but ita fore
wings are brown, and the hind ones very much lighter. Its cater-
pillar is greyish or greonish, with a light line along the back, a
light brown line on each side of this, and black spots between these
lines. It feeds on turmps and the roota of other crops, often doing
much damage. The caterpillar generally lives throughout the
winter, during which season it continues its destructive work.

Wo give an illustration of the Large Yellow Underwing Moth and
its caterpillar. Tho former 18 easily known by the bright yellow

P10, 310,—THE LARGE YELLOW Moru AND 178 C AR,

hind wings with a broad, black border. The latter, which is of a
dull yellowish or greenish colour, feeds on the roots of various
plants throughout the winter, and, ascending from the soil in the
spring, commences to attack the leaves and stems.

Those who cultivate and gooseberries are sure to b
acquainted with the caterpillars of the Currant or Magpio Moth,
which are often so abundant that thoy completely strip the
bushes of their leaves and buds, thus totally preventing the develop-
ment of flowers and fruits. These caterpillars are coloured with a
creamy white, heavily dotted and blotched with black. They
are * looper ’ caterpillars ; that is, they creep by alternately looping
and extending their bodies. They first appear from the eggs in




212 NATURE STUDY GUIDE

the autumn; and, while still small, hibernate for the winter in
spun leaves either on the bush or on the ground. As soon as the
warmer weather comes they commence feeding on the buds, young
leaves and flowers of currant and gooseberry bushes; and, if left
undisturbed, are full grown in June, when they change to black
chrysalides with yellow bands. The moth, which has creamy
white wings with black blotches, may be seen, from the end of June
to August, flying in the daytime. The young caterpillars should
be destroyed, as far as possible, in the sutumn, and the ground
well hoed beneath the bushes. A careful search is also necessary in
the spring in order to secure those not previously seen. It is
interesting to note that the caterpillars of the currant moth are
not attacked by birds, frogs and other insect-eating creatures on

F16. 211.—~THE CURRANT MOTH, F16. 212,—THE CODLIN MOTH.

t of their objectionable taste, but they are the victims of
the parasitic grubs of ich and other flies.

A little white grub is commonly found inside an apple or a pear.
This is the caterpillar of the Codlin Moth—a small moth measuring
less than an inch from tip to tip when its wings are expanded. One
egg only is laid on each young fruit, and the caterpillar produced
from it burrows into the heart of the latter. When ful'! grown
it lets itself to the ground on a silken thread, creeps to a neighbouring
tree, ascends the trunk, and changes to & chrysalis within & silken
cocoon in a crevice of the bark, From this chrysalis the moth
emerges in June or July. In order to reduce this troublesome pest all
fallen fruit that shows evid of being * ten ’ should be
destroyed by burning, as well as all dead rubbish that may have
accumulated beneath the trees. In order to catch the caterpillars
a8 they ascend the trunks to pupate, tie wide strips of paper round
the base of the tree, and smear them thickly with cart-grease. The
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trees should also bo sprayed in the spring with an insecticide, to kill
the grubs that may have entered the young fruit.

‘The Small Ermine Moth is very destructive to fruit trees and
various other troos and shrubs. It is a very small moth, measuring
not much more than half an inch from tip to tip, its white fore
wings dotted with black. The little caterpillars of this species live
togother under the protection of a silken wob, and often entirly
strip branches of their foliage, All twigs supporting their web

F10, 213,—LEAVES MINED AND ROLLED BY SMALL CATERPILLARS,

should be cut off and destroyed before the caterpillara within are
fully grown.

The only other insocts of this group to which we can refer are
the leaf-mining and leaf-rolling caterpillars, both of which are
the larva of small moths. The former burrow into loaves, feeding
as they go, but always leaving tho opidermis of the foliage intact.
When they are fully grown they chango to little chrysalides within
the leaf,and the moth emerges shortlyafter. The latter roll up leaves,
binding them with their silk, thus making for themsolves a com-
fortable home of the same material that serves them for food.
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These little pests are not nearly so destructive as many of the
species before mentioned, but they often do considerable damage.
All leaves that are rolled or mined should be destroyed, with their
occupants, before the latter are fully grown. By this means we
prevent the appearance of the moths that would deposit large
numbers of eggs for the production of a new generati 1of grubs.

A few &t least of our garden pests belong to the boetle tribe of
insects, and first among these we mention the Cockchafer Beetle
or ‘ June Bug, the large, fat, white grub of which devours the roots

FIG. 214.—~TEE JUNE BUG. Tia. 216.~GRUB OF THE JUNE BUG
IN IT8 BURROW,

of plants in enormous quantities, and, after continuing this destruc-
tive work for a period of about three years, changes to the perfect
state in which it docs further damage by devouring the leaves
of trees, The grubs are often very ruinous to potato and other
crops, and should always be destroyed when found ; but it is almost
hopeless to attempt to exterminate them, since they occur in
prodigi bers in past where
they eat the roots of grasses. Our
IO friends tho rooks do much to keep
down this troublesome pest, for they
Pra. 2918 —THE WmEworM,  drag large numbers of the grubs out
of the ground, and either devour them

on the spot or take them home to their young.
A great enemy to the agriculturist is the grub known as the
wireworm, for it commits terrible ravages among plants, attacking
the root-crops as well aa the roots of plants of all kinds, It is not
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& worm, as may bo known by the presence of ita throo pairs of legs,
but the larva of a beetle known as tho Skipjack or Click Beotle.
Large numbers of the grubs aro devoured by rooks, starlings, and
other birds, If they are discovored among the roots of garden
plants they may be trapped by placing piccos of potato on tho
ground. Numbers of them will burrow into the potatoes, which
may then be collected up and destroyed.

There is & group of little beoties known as tho Weovils, the
members of which are g lly to bo distinguished readily by
the presenco of a boak or snout. Their antennm or foclors are

¥1G. 217.—THR CLICK BRETLE F1a, 218.—THE APPLE WERVI~
ENLARGED. MAGNTFIRD,

situated at or near the end of this beak, and aro generally
‘ elbowed ’ or sharply bent.

Many of these bectles are very destructivo to trees and plants,
some of them confining their ravages to one particular species,
while others are not so restricted as to their food.

Among them we may mention the Pea Woovils which are very
injurious to crops of peas, clovers, and othor leguminous planta.
They are very small beetles, which bite away the leaves and tender
shoots of the plants, while, in the larval condition, as footless grubs,
they devour the roots. Spraying the plants with soapy water
containing a littlo paraffin will render them distasteful to these
insects ; and a dressing of soot and lime on the soil will do much
towards the destruction of the grubs,

Other weevils, some of them less than a tenth of an inch in length,
burrow into fruit and other trees, and lay their eggs beneath the

LR
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bark. The grubs which aro hatched from these eggs eat their way
into tho inner bark, thus interfering with the circulation of the sap,
and often causing the desth of the tree. When a troe is once
infested with theso pests thero socms to be no way of destroying
the intruders oxcopt by removing and burning the branches that
have been attacked, or, if necessary, by burning the wholo tree.
Tho Applo Blossom Weevil does a deal of injury to the apple
and pear flowers in early spring. The perfect insoct, which has

Fia, 219 —THE ROSE BAW.rLY~ Ti6 220 —TWE TURNIF SAW-FLY—
EALARGED, ENLARGED.

F1G. 22].~LABVA OF BAW-FLIEB.

been hiding in the crevices of the bark throughout the winter,
ascends the tree about the end of March, bores a hole in the flower
buds, and deposits an egg in each. The young grube which are
produced from these oggs devour tho essential parta of the unopened
Bower, thus preventing the development of fruit. This beetle, and
other similar marauders of our fruit trees, may be reduced by
spraying the trees with an insecticide. A liberal spraying of
tho bark very early in the year will kill the perfect insects before
they riss to the buds for the purpose of depositing their egga.
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Saw-flies arc somewhat wasp-liko in general appearance, and
belong to the same ordor of inseots as wasps, but they aro generally
smaller than the latter, and have not such a narrow, throad-like
waist, The fomalo insect is provided with a pair of small saws
at the tip of her abdomen, and by means of these sho cuta grooves
in plants, and deposits an egg in cach. The larvee to which these
give rise are much like caterpillars (tho grubs of buttertlies and
moths), but they have a larger number of appendages. The
catorpillar never has more than sixteen of theso, including tho true
legs and tho pro-legs, whilo the larvm of tho saw-flies have from
cighteen to twenty-two,

These larve do considerable damago to some of our crops,
and among them we may mention tho Rose Baw-fly, which attacks
rose bushes. Its larva may often be seen on the bushes, whore it
rests with the hindmost portion of the body bent upward. Another
spocies—the Turnip Saw-fly is often very abundant in tumnip
tields, where tho larve devour the leaves of the turnips, thus pre.
venting the development of tho roots. The larve should always
bo destroyed when found ; but, as regards tho last spucies, it is
said that there is no remedy so eflectual as that of turning a large
number of ducks into the turnip field, for theso birds greedily
devour tho grubs (known to agriculturists as ‘ niggens * on account
of their dark colour), and become well fattoned thoreby.  Since the
larvas descend into the suil, when fully grown, to change to the
pupal condition, and remain in this state until the following
spring, a thorough hoeing of the ground mn the autumn, and again
carly 1 the spring, will probably destroy conmdorable numbors,

A third saw-fly, known as the Apple Saw-fly, is very destructive
in fruit gardens and orchards. The larva of this species burrow into
apples, not making a tunnel as does the catorpillar of the codlin
moth, but eating out & cavity in the centre of the fruit. All fallen
fruit attacked by these pests should be burnt. Quickhme, spread
on the ground in early spring, will kill the pupwm i the soil ; and s
hooing of the soil beneath the trees will aid in attaining the
same end.

Curious swellings of various shapes are often to bo seen on our
plants, bushes and trees, generally attachod to the veins or the
stalks of leaves, to young twigs, or even to the roots. Theso
swellings, known as galls, are produced by the agency of Gall-flies,
of which there are many specios, each one giving rise to s different
kind of gall on its own favourite plant or tree, .
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The gall-fly—a four-winged fly belonging to the same order of
insects as beos and wasps-—pierces the vegotable structure with its
ovipositor (egg-depositing organ), at the same time introducing
an ogg together with a tiny drop of an irritating fluid. The effect
of the latter is to cause the swelling or gall which provides both
food snd home for the grub when it hatches out. The grub remains

FI0, 222.—A GALL-FLY AXD GauA

within the gall until it is fully grown and has undergone its meta-
morphoses, and the perfoct insect then gnawa its way out to the
air. Thus, if no opening exista in the gall, wo may know that the
developing insect 1 still inclosed.

1t is, perhaps, fortunate that the gall-flies attack wild plants
and forest troes more than those of our gardens and orchards;
but, in any oase, when it ia desired to reduce the numbers of these
pesta, the galla should be picked off before the fly emerges, and then
burnt. The most familiar examples of galls are the really pretty,
moss-like bedeguar galls so commonly seen on rose trees, particularly
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on wild roses ; and the cak-apple and currant galls that are even
more common on oak troes.

Many of the insect focs that infost our gardens aro destruotive
only in the grub atage, though, of course, we hold the porfect insects
oqually obnoxious since thoy are responsiblo for the production of
the grubs. Thus the well-known Daddy-long-legs, that is so
abundant on grass land, flying about among tho blades during the
summer, i8 not in itself destructive, but its grubs do an immenso
amount of mischicf by devouring the roots of grasses, and also by
gnawing away at the stems of some of our vegetable crops and
flowering plants.

This grub is popularly known as the Leathor-jacket on account
of its very tough skin. Tho perfect insect has only two wings, and
belongs to the same order of insocts as the houso-fly and tho gnat.

Earwigs are a great annoyance to the cultavators of flowers,
for thoy climb up the plants at night and bite away tho potals of
flowers, espocially dahlias and carnations. They lhide during the
daytimo in almost any sheltered placo thoy can find, and it is easy
to trap them by providing a suitable hiding-place on or near the
plants they infest. Small flowcr-pots, loosely packod with moss
or hay, and placed on the tops of the sticks usnd 1o support the
plants, form vory effoctual traps. Cones of stiff papor, or papor
tubes plugged at one end, similarly packed, are equally good. The
earwigs that have availed themsolves of the sholter thus provided
should be shaken out into a pail of water in tho morning, or at any
time in the day.

Notwithstanding the objoctionablo habit of carwigs reforred to,
they are certainly most interesting insects, and a study of their
life-histories and movements will well repay the time spent in their
observation. It is seldom ono sees earwigs on the wing, but they
fly freely at night. Their wings aro exccedingly delicate in structare,
and are beautifully folded, when not in use, beneath the two short
wing-covers seen on the top of the body, just behind the head.
The forcops at the tip of the abdomen are employed in folding the
wings when the insects alight.

Earwigs do not pass through three distinct stages, as do most of
the other insccts we have meutioned. The young ones are very
similar to the adults except that their wings are not developed.

‘Wo must now say a fow words conoerning the Aphides or Plant-
lice, also commonly known ss the Blight, which are among the
most troublesome of our garden pests. These are small insects,
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usually of a green ocolour, and therefore commonly spoken of as
‘ green-fly.' They are provided with slender beaks by means of
which they pierco the tender twigs, leaves and buds of plants and
troes, and suck out the sap. They also multiply very rapidly, and
are frequently so numerous that twigs are completoly covered
by thom and so effectually drained of their sap that all future
development is stopped.

It will be noticed that the aphides of early summer are wingless,
while some of those which appear later in the yecar are provided
with two pairs of delicate wings. Some species have also a pair of

10, 933~ TUE LIMK-TREE AFITIS, MALK (WINGED) AND FEMALE (WINGLRSS)}—MAGNIFIED,

sppondages from which exude a Lquid, tiny drops being discermnible
at the tips of these appendages, which are really tubes. This fluid
is often produced in such quantitics » here the aphides are numerous
that it drope to the ground, where it is greedily devoured by ants.
Ants also seek out the aphidus for the purpose of obtaining the
fluid, and sometimes even convey the creatures to their nests and
take care of them for the sake of the food thus derived from them.
We bave already mentioned the fact that lady-birds and their
larvee are great enemics to the aphides, and that, on this account,
the lady-birds and their grubs should never be destroyed It will
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not do, howover, to trust to these friends alone for the removal of so
destructive and abundant a pest. Whenever aphides aro socn they
should be brushed into a vesscl of water, and the plants or troes so
affocted should then be sprayed with a strong solution of soft soap
to provent furthor intrusion.

One species of aphis, known as the American Blight, is & woolly
insect that is commonly seen on apple and other troea.  The body
is covered with a white down, and this renders the insects very
conspicuous when they are clustered in the erevices of the bark.
The downy covering provides o means by which theso aphides are
readily blown about by the wind. Twigs infested with this blight
should be sprayed as recommended above; and when tho aphides

Flu 2H4.~1W0 SPECIRS OF TROG HUFPERS—KNLANLED,

appear on the trunks of trecs a liberal application of freshly-made
limewash, well brushed into the crovices of the bk, will do much
to reduce their numbers.

We frequently sce little masacs of a frothy substance on our
flowering plants and on the shoots of shrubs and trees.  On pushing
this aside we find that it enclosed a little w hite grub with conspicuous
black eyes. This grub is the larva of an insect known as the Frog-
hopper or Cuckoo-spit. It is provided with a sharp buak with
which it pierces the opidermis of the plant or shoot und sucks out the
sap. Although this creature does not do nearly so much damage
to the vegotation as the aphides, yet the frothy matter that it
produces to hide itaolf from its enemies looks very unsightly, The
larve should be rumoved with & small comel-hwir brush, and then
destroyed. When they occur in very largo numbers they may be
washed away by the use of a syringe or by means of the garden
hose, but it is probable that many of them will again asotnd the
plants and continue their objectionable work if thqy are not killed,

Thess larve develop into winged insocts which may be seen
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resting on the leaves of plants, and which take prodigious leaps
into the air, when disturbed, by means of their powerful hind legs.
The wings are four in ber, and all are b and similar.

There are many specics of Plant-bugs, with habits similar to
those of the cuckoo-spit and aphides, inasmuch as they pierce
plants with their beaks and suck the sap. It is doubtful whether
they really do a great deal of damage, but when it is desired to
roduoce their numbers perhaps the most effectual plan is to shake
thom from the plants by giving the latter a smart tap, holding a
muslin net bencath to catch the insoots as they fall.

Up to the present all the garden foes mentioned belong to the

17
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insect world, and undoubtedly this division of the animal kingdom
inoludes by far the greater number of these pesta. A few, however,
known as Mitcs, belong to the spider class, and are distinguished
from most insects in that they do not undergo metamorphoses.
One of these—the Currant Mite—infests the buds of currant
bushes, particularly those of the black currant. This mite seems
to oreep over the bushee during early summer, and later in the
season to seok shelter within the young buds and in the bark, where it
sucks tho sap. Buds infested with those mites become larger and
round, and all such buds should be removed and destroyed. It
times happens that practically every bud of a bush is attacked
bythm,hwhinhomxtundvmhhwd:gmnlwhnhmdbnm
it completely. Spraying the bushes with water in which is stirred
mixture of lime and flowers of sulphur will often prevent the attack
of mitea.
Animal garden pests are 8o numerous that we are unable, in the
space at our disposal, to deal with even all the very common anes,
and we shall conclude our list with a brief nots on the snails and slugs.
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These are nocturnal creatures, hiding in the daytime in places
where they are sheltered from the direct rays of tho sun, and
committing their ravages on tender leaves during the night. The
outside leaves of the cabbage, spread on the ground in spots whore
slugs and enails aro most numerous, will not only supply them with
food, and thus tend to prevent them from attacking the plants, but
will also provide them with attractive sheltors from which they may
be removed at leisure. Lime or soot, or & mixture of both, spread
on the soil round the roots of the plants that are most frequently
attacked or that are most highly valued, will prevent the approach
of these foes during the night.

Some of our garden foes, including specics which do & consider-
able amount of daroage, are parasitic plants ( fungi) of a low type,
often so minute that they can be scen only with tho aid of a
compound microscope.

Threadlike moulds are very destructive agents in the production
of disease, and are the cause of the potato murrain, White moulds,
known as mildows, affect the leaves of plants and trees, and also
fruita. Other fungi attack the flowers of whoat, oats and barloy,
producing that black, powdery mass known as ‘ smut.’

Other minute fungi produce diseases known as rot, and theso
may sttack roots, stems, leaves or fruit. When the roots of trees
are affocted the leaves generally loso their fresh colour and wither ;
and in this case it is advisablo to exposo as much as possible of the
roots and dust them liberally with powdered sulphur. If the leaves
or fruit be themselves attacked, they should bo gathered and burnt ;
and the spreading of the disrase may be provented by spraying the
trees with s solution of sulphate of iron. Watering the ground
with this solution will also help to destroy any spores of tho fungi
that may be on or in the soil.

It is impossible to deal hore with all the various diseasos of plants
and trees that are caused by minute forms of vegetable life; but
we strongly recommend all teachers of country schools who desire
to train their children in the cultivation of vegotables and fruit
to procure the valuable leaflots issued by the Board of Agriculture
and Fisherics. Theso leaflets are supplicd gratia on application
to the Secretary to the Board, Whitehall Place, London.
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NATURE LANTERN SLIDES

Tais short chapter is to consist of a few hints concerning the pro-
duotion of simple lantern slides for the illustration of nature lessons ;
but before giving the necessary instructions we would repeat our
views a8 regards the proper use of such illustrations.

In the first place, the slides should never be used for the purpoee
of showing features which the children can observe for themselvos
direct from Nature, They should never bo usod as substitutes for
natural objects or phcnomena, but only to assist the teacher in
directing the children’s observation of tho objects placed before
them, to illustrate points of structure which the children cannot
svo for themselves, or to represent scenes and phenomena that the
children have no opportunity of witnessing.

The best slides for the above purposes aro undoubtedly photo-
graphs direct from Nature, and such, in great variety, are to be hired,
at small cost, from numerous dealers in optical appliances. Many
teachers, however, are themselves more or less expert in the pro-
duction of photographi ions of Nature, and these are
placed at n great udvanugo a8 regards the illustration of their
nature Jessons. But we shall assume no such ability, and deal
only with a few simple means of producing suitable slides that are
within the reach of all.

1. Pen-and-ink Sketches on Plain Glass.—Procure some picces of
plain glass, thin, and free from flaws, cut to exactly 34 in. square—
the standard size for lantern slides. Such glasses may be obtained
from any glazier, but it is far better, as a rule, to purchase those sold
by opticians for lantern slide work. Theso latter arv cut from a
glass of suitable quality, are very thin, arnd always of exactly the
right size. The sketches required should be made with a fine pen,
using either indian ink or Stephens’ cbony stain. Of course the
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glasses should be thoroughly cleancd beforo using; and, if it s
found that the ink or stain doos not flow casily with the strokes
of the pen,add a few drops of ox-gall to the former. If the sketch
desired is to be reproduced from a book illustration without any
alteration in size, it may be traced.

When the ink or stain is quite dry, cover it with a second glass,
and bind the two togethor by means of atrips of paper, about half
an inch wide, fastencd with ordinary paste; or by muwans of the
strips, ready coatod with an adhesive, sold expressly for the purpose.

If it is desired to tint the sketch, or any portion of it, transparent
colours only should be used, tho best being the ‘ varnish colours®
made especially for this work.

A second glass for the protection of the skotch ia not absolutely
necessary, but, of course, the latter is casily damaged if not pro-
tected in somo way. Dispensing with the ‘cover glass,' a thin
layer of transparont varnish is a good substitute.  The best varnish
to use is the photographor’s negative varnish, and this may bo applied
lightly with a soft brush. The varnish dries very rapidly, and
thorefore the glass should be covered as quickly as powsible. Tt is
better, too, to varnish the slides in front of a firo ; for this not only
accelerates the drying, but also tends to greater transparency.

It may be mentioned hoto that the photographer seldom applios
his varnish by means of a brush, but flows it over the negative,
This is a far botter plan for lantern sketches also, for it never loads
to the smearing, or other damaging, of the ink Lines.

2. Pencil Sketches on Ground Glass,—Theso are, perhaps, tho
easicst to make of all lantern slides, and they answer the purpose of
the teacher admirably.

Some squares of finely-ground glas nro required similar to that
employed in the construction of the child’s ‘ drawing slate,’ and cut
to the standard sizo as above described. The pencil sketohes are
then drawn (or traced) on these with a very hard, sharply-pointed
poncil. The lines must he as black as possible, though fine ; and
8 this necessitates & rather heavy pressuro of the pencil, the point
is rapidly worn away. Henco it is advisable to have s strip of fine
emery cloth at hand, so that the point may be restored, with but
littlo waste of time, sfter each few lines of the drawing.

Ono great advantage of this method of producing slides is the
easo with which shadings of all depths can be obtaired.

If the finished drawing be placed in tho lantern, and tho image
thrown on the acreen, it will bo observed that the result ia not by
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NATURE NOTE-BOOKS AND DIARIES

We have soveral times reforred to the importance of nature note-
books and diarics in which the children can record their observations,
and we now propose to give a few hints coneorning them.

Each child should be provided with a rough note-book, of
oconvenient size, for outdoor observations, whether in the school
garden or in the filld. This book will be used for sketches and
brief memoranda which will afterwards be more neatly entered
up at leisure. Seccing that the book is, therefore, only of a
temporary nature, it may consist of simply a few sheets of paper
folded together.

The permanent note-book in which all sketches and records are
to be finally entered may consist of alternate leaves of ruled writing
paper and drawing paper; but there is no rcason why all the
loaves should not be plain, for the space will probably be occupiod
principally by sketches, and the small amount of writing required
may boe done without the aid of ruled lines. Children have to
learn to write without lines sooner or later. Why not sooner ?

All lengthy descriptions of natural objects and phenomena will
rather form part of the exercises in English, and these are more
conveniently written in ruled books kept specially for the purpose.
In the nature note-books we should chicfly aim at descriptive
skefches, with only as much written matter as is required to express
thoso features which the sketches do not clearly show.

The nature diaries will vary according to the age of the children,
and it is advisable to ge the senior scholars to start & new
book of this kind even if they have already been keeping one during
their eartier years. If such a fresh start is made there is no reason
why the more interesting and useful facts and obscrvations should
not be copied from the old book into the new.
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In infants’ classes the bost diary is ono that is large é..ough for
tho whole class tu seo, and which is filled in, day by day, by the
teacher, theh&tunwunginxthaohl!dmwoﬂumgmlomh
the entries. Thcdmymymshtohhrguhwtoibmwn paper,
ruled up for the woek, with & space for cach day. Or it may even
bo ruled to last & whole month, On this tho tescher might enter,
by moans of chalk, tho state of the weather and any obscrvations
of value suggostod by the scholars, more ospocially the things
obsorved on the way to school, and any changes or dovelop.
menta connected with the plants or other specimens kept in the
schoolroom or in tho school garden.

When the children aro old enough to koop a diary for themselves
the teacher will docide on the most snitablo form of book, and also *
on the manner in which the entrics aze to bo made.

For tho younger children a book of about forty pagos is ample.
Lot them write the names of the months of the year at the top of
each pago, using an open folio of two pages for each month, and then
onter their own observations énder thoso headings. The romaining
pages of the book may be usod for miscellaneous obeervations apd
deecriptions which aro not ily ted with any p s
month or scason.

It will bo seen that the simple note-book just desoribod is not a
diary in the striot sonse of the term, though, of course, daily entries
might be made if desired, in which case & much larger number of
poges would be required if the book is to last a few years, The
idea, at this stage of tho ohild’s education, is not to enforce frequent
entries, but rather to see what the child takos a pleasure in recording.
The teacher encourages, rather thnn foroes tho child, and leavos it
as much as possible to its own i ive, giving jonal advice,
and nvoxdlng such rigidity of mothod as may tend to make the work
o toil rather than &

When the child is » few years older, and has reschod one of the
upper classes, it might be stimulated to commenco & diary of a more
weful and permanent nature. In this instance the book might
oconsist of at least 150 pages, and be ruled more closcly than is usual

. for ordinary written exercises.

The diary is at first propared by fixing & space for cach day of
the year.” Allow only s quarter of & page a day for the months
of Jannary, February, October, November, snd December—there
being naturally fewer observations to make during these months
when Nature is moro or less at rest, and when the weather fs




oca NATURE STUDY GUIDE

inqundy less favourable for outdoor observations, For the
remaining months.half & page & day might bo allowed.

The entries in this diapgshould be made as briefly as possible, the
‘ymdmwybehgmwdotthowdofmhom and the
mainingpaguuttbe«mdonhe book.mtnqmndfortheddly
records, could be-utilised for fuller descriptions of special i
togother with accounts of the continuous observations made regard.
ing the life-histories of any living beings that have been watched
through their various stages.

Here, again, the children should not be foroed to make numerous
entries. Let thom have the fullest liberty to follow their own in.
olinations. They should not feel bound to make an entry every
day, but simply encouraged - to record those facts which Rave
interested them, the teacher advising, but not commanding. Any
intereating events recorded in the previous note-book of the child’s
earlier years, and which appear to be of permancnt interest, might
oonstitute the first entries of the now diary ; but this, again, should
be left to the child's discretion. ,

It will be seen that & nature diary, such as we recommend, may
last several years, perhaps long after the school-days are over ; and
it is probable that many of the old boys and girls, retaining the
interest in Nature that was instilled dering their school days, will
start a new diary when the old one has no longer the space for further
records,
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acard 25 in. x 20 N,

Unftamed, 25 in. x 20in. w25 6d. net,
In oak frame 2 in. wide, wuh gold ﬂal nnd glazed,

outside measurement 27} in. x234in. ...  Ts 6d. net,
Coumplete Sets of 1o Subjects in Portfolio o 30s. 0d. net.

LIST OF SUBJECTS :—~
1. A Chaffinch and a Goldfinch (natural size).
2. The Kingfisher (nataral size).
3. Rabbits and their Burrows.
4. Robins and Nest (natural sise).
& Skylarks aod Nest (catural size).
B A Squisrel carrying a young one to its nest (a Littie loss than life sise),
9. A Swallow aod & House Martin (nataral sise), wilh nests under
the eaves.
8. Common Tern with a young bird and eggs among the shingle
(about } nataral size).
. Long-tailed Titmouse (young and nest), natural size.
‘Waterheos and Nest, showing a young bird and eggs (about
{ natural size).

LONGMANS' NATURAL HISTORY PICTURES.
educed from Longmans’ Natural History Wall Pletures by G. E. Lovox,
%uhpac(nreupnnlzdoﬂplper”by;inchﬂ‘;d.wpulm of 8 pictures,
*,* The sets comprise 8 different swdjects or B pictures of the same kind,

Kinghsher A Swallow and & H, . Commen Tern, with
:’u:m....axm * Ntatior” wib Nests | 7 Youns Bud snd Lexs
KA ool Tl o Bottoracd Neao Uock. | 8. Babiis aed 1o e

¥ . :AWM-M Tows,

“ LONGMANS, GREEN, % CO., 39 Paternoster Row, London ;
New York, Bombay, and Calcutta,



LONGMANS’ WALL PICTURES
Flowers, Butterflies and Moths.

By ARCHIBALD THORBURN.

Each Picture is 18 x l4ms. prm(od ona Cud 25 x 20 ins,

Unframs .

In Ok ane, glued

Per Set of 10 in Portfoliv... ..

1. APRIL.~Flowers: Primrose, Blue
bell.  Butterflies and Moths:
Small White, Wood Argus.

8 HAY.»Flowzn

Orange Tip, il Butterfly.

Cuckoo  Flower,

3 jUNE Flawen Meadow Bweet,
ion. rflien : Pearl.
B o utte

Chalk-hill Rlue,
. UNE.—-FIowen Common Pop
. ] ue Bottle, Butterflies : Ilnnl;);
Brewn, Common Blue.

5] UL\'.—PIowen FoxLove, Chervil
Insects : Marbled te Butterfly,
Burnct Moth.

£ s
Eachnet 0 2
... Eachnet 0 7
. . .net 1 10
g 6. jULV —~Flowers : Haneymckh,
Rose.  Butterflies: Silver-wast
Fruillary, Large Heath,

7. AUGUST, -Flo'erl Common M
low, Ox-eye Daisy. Butterflie
Briustone, Small Tortoiseshell,

.. AUGUST.- Flowers: Ragw
Hairbell. Insects: Peacuck Burt
tly, Humming-bird Moth.

9. SEPTEMBER.-Flowers : Puny
Loosestrife, The Water Mint. By
terflien: Red Admiral, Small C(
per.

10, SEPTEMBER. - Flowers: Sp
Thistle, Cross-leaved Heath, I
sects : Pated Lady, Yellow Und
wing.

lbs.scmpru’s NOTES FOR TEACHERS, for use with the above. Flowers,

Longman ; Butterfitesand Moths, by V', S. Furneaus.

Crown Bvo. paper covers, ¢

British Mammals.

By ARCHIBALD THORBURN.

Unframed .

In Oak l‘ume. glazed
Per Set of 12 in Portfolio... ...
1. The Mole (Life Size).

+ Wood Ilouu I-hrvul Mouse, Dor-

(] l'
3 Water anlwhn-r Shrew, Common
ater Shrews (Life Sue).

4 The Otter (about Two fifths Natural
Sise).

s. The Hedgehog (about Life Sis).
6 Tbls;.“ Deer (about One-sixth Natural

Each Pictute is 18 x 14 ins. prmtcd on a Card 23 x 20ins,

L5
Fachnet 0 2
Eachnet 0 7
. net 115,
7 Tnc B.uer (about Half Nataral S|
8 The Fox (about One-thrid Natwral §|
Wild Cat (about Two
Natural Sire).
10. The )Gny 8eal (One-teath Nut’
1w Polmt ‘wo-thirds Nawnal S§
‘easel (Halif Natural Suze).
12 lleunml Hare (Oue-third N-q
Sise), Common Hare (Hall Nag

DESCRIPTIVE NOTES POR TEACHERS, for use with the above. By C. Do
Crows bos. paper covers (pratis bs purchascrs of Pictures) '

LONGMANS, GREEN & CO, 39
ew York, Bombay,

te:Ra', Londor.
Calcutta.
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