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COCKCHAFERS.
By E. A. BuTi.ER, b.a., b.sc.

While the vast majority of British insects avoid

obtruding themselves on human observation, and so are

never seen except by nature-students who specially

search for them, there are a few that comport themselves

very differently, and hence are more or less familiar

objects even to those who are least conversant with

natui-e's mysteries. Such insects are of course common
species, but their familiarity is not a necessary consei-

quence of their abundance. There are many species

equally, if not more, abundant, which yet are absolutely

unknown to any but the professed entomologist. These
well-known species attain their notorietj' partly, it may
be, from their size, but chiefly because they do not shun the

busy haunts of men ; and even in their o^^ni native woods
and fields, instead of keeping under cover, they are

inclined to roam, and so often encounter pedestrians.

These remarks apply very forcibly to the subject of the
present paper. From early childhood, all counti-y

residents must be familiar with cockchafers, and even
the townsman may know something of them, provided
only that bricks and mortar have not absolutely banished
nature's gi-eenery from his neighbourhood. The blind

and blundering, headlong, whirring flight of the cock-

chafer, its proneness to enter at open windows, and cling

to bedroom drapery, the pertinacity of grip it manifests
when once it has alighted on ciu'tains, dresses, or even
it may bo, on ladies' hair—these are all familiar ex-

periences in the summer months. The insect, so apt
thus to make itself a nuisance to the public generally,

as well as a plague to agriculturists, has many interesting

features and is well worth a close and detailed study.

Let us look at it firet in its adult condition. A bulky,

and solid-looking creatiu"o, chestnut-coloured above and
black beneath, about an inch in length, with a pointed,

downward bent tail, six powerful legs ending in strong

hooked claws, and a pair of substantial membranous
wings stowed away under two homy coverings, the whole
insect dusted over with what looks like a mealy powder
—such in brief is the Common Cockchafer or May Bug
{Melolontha vulgaris) (Fig. 1). From the structure just

Fjo. 1.—Male Coeki-hafer.

outlined we gather that the insect belongs to the order

Coleoptera, or beetles. The mealy powder with which

it is covered pretty easily rubs oflF, so that after knocking

about for a while in the world the cockchafer begins to

look threadbare and frayed, and shows its chestnut

ground colour more distinctly.

The apparent mealy powder shows under the micro-

scope as little white scale-like hairs lying side by side

and pointing backwards. They are more thickly strewn

in some parts than in others, and the females have a

particularly dense covering of them. On the breast they

are replaced by a shaggy covering of long yellowish

hairs. All along each side of the abdomen, just below

the edges of the wing-covers, is a row of snow-white

triangular patches made of similar and still bi'oader

scales, each patch being sharply outlined and bounded
by the general black surface—a striking colour scheme
which vastly improves the appearance of the insect and

redeems it from absolute plainness. This covering of

scales and haii-s makes the cockchafer an instructive

insect for illustrating the gradual change of an organ

of given elemental shape into one altogether difl'erent.

A careful examination under the microscope will show
that even the broadest of the scales are merely expanded

hairs, and from different parts of the body a selection

might easily be made of all varieties of these appendages

ranging from the naiTOwest (Fig. 2), which would un-

hesitatingly be called hairs, through a series of minute
modifications whose exact name would be doubtful, to

what again would be unliesitatingly described as scales.

The last segment of the abdomen tapers away to a

point which is differently shaped in the two sexes, that

of the female being much the blunter of the two. This

pointed tail proved in fonner days an in-esistible

temptation to the mischievous youth of England, who
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used to nm through it a bont pin attached to a thread
801110 eight or nine feet long. TIio end of the thread

being heUl in the boy's hand, tlie roclcchafer was tossed

into the air, when of course it spread its wings and
tried to fly away, but was kept like a captive balloon,

struggling at the end of the string. This was the well-

known and very ancient pastime of cockchafer-spinning.

-Sralos of Cockc'liftIV

-Antenna of Malo
Cockrlmfev.

The sport seems to have been known even to the Greeks
some 2400 years ago, but the Greek boys contented them-
selves with tying the string to the insect's leg instead

of running it tlirough the tail. To judge from an
illuminated illustration contained in a 14th century MS.,
the British youth practised a similar sport with
butterflies.

The wings, which are folded away most daintily under
their brown covers, are of stout membrane, much
strengthened along the outer border to give them the
firmness of stroke necessary for raising into and main-
taining in the air so bulky a body. These wings are
about twice as long as their covers, and consequently
have to be folded crosswise in the middle before they
can bo stowed away. They are the sole organs of flight,

and the buzzing sound they produce has given the
insects the name of " chafers," though this name is not
confined to the present species, but is technically applied
to the whole tribe of which it is a representative. This
tribe is not numerously represented in Britain, but in
tropical regions there are an immense number of species,

which include some of the largest and some of the
handsomest beetles in the world. The prefix " cock,"
which distinguishes the present species, is considered by
Dr. Mun-ay to imply strength or valour, or to have
reference to the practice of making the insects fight, so
that it would be equivalent to the " strong or valiant
buzzer."

Unquestionably the most beautiful part in the
structure of a cockchafer is the antennaj. These, again,
differ in the sexes, those of the male being the more
graceful and elegant. Each consists of ten joints, of
which the basal one carries a brush of hairs, and the
last seven are extremely short, each furnished in the
malo with a long leaf-like flap on its inner surface. The
flaps lie close together when the animal is at rest, but
when it is on the alert, they are opened out like the
leaves of a book, so as to give a beautiful fan-like
appearance (Fig. 3). The opening of these leaves seems
to imply an attitude of attention, so that it corresponds
to the pricking up of the ears on the part of a vei-te-
brate. In the female the basal leaf is missing, the
corresponding joint being furnished only with a short
spine, so that there are but six leaves, and they arc
both narrower and shorter. Each loaf is closely covered
on both surfaces with little pits or depressions, from
the centre of which springs a minute hair. From their
structure one can hardly doubt that they are highly
senj;itivc organs, though it may not be easy to say what
i^ the precise signification of their curious shape. That
they are larger and handsomer in the male suggests the

possibility of their having something to do with sexual

selection. That they are not, however, purely ornamental

follows from their sensitiveness and from the fact that

the insects arc cjuicscent in daylight, when personal

attractions might count, and active towards dusk, when
they could not easily be perceived.

I have spoken above of the tenacity of grip these

insects manifest, and when the structure of the feet is

examined, there can bo no surprise that they are so

diflicult to dislodge. At the end of each foot are two
strong hooked claws, each with a couple of teeth at the

base beneath, and with the terminal portion of the claw

delicately grooved (Fig. 4), all of which peculiarities

help to make them effective clinging organs. In this

part of her stiiicture the female insect has the advantage,

as the basal teeth are considerably larger and more
powerful in that sex than in the male.

Having thus given my readers svigge.stions as to those

parts of the cockchafer's external anatomy which are

most worthy of examination, I must ])ass on to consider

the insect in the earlier stages of its career, and to

sketch its life^history. Unlike the majority of insects,

it is gifted with considerable longevity, living, in one
or other of its forms, thiough four distinct summer
seasons. The eggs are laid in May, and as the lai-va

is subteiTanean in its habits, the female lays her eggs

underground, selecting a site for the purpose where tho
soil is loose and di-y. She descends about six or eight

inches below the surface and lays a batch of from thirty

to thirty-five eggs, and she may spend some two or three

days in the operation, remaining buried all the time.

A few days afterwards she again works her way down
through the soil and lays another batch in a different

place. Three times in succession will this, as a rule,

bo done, and the more vigorous insects will even lay four

batches of eggs. The number diminishes somewhat in

the successive batches, but we may say that each vigorous

female cockchafer may become the parent of from sixty

to eighty young, a rate of multiplication which easily

explains the enonnous numbers of the insects which are

sometimes met with. A little calculation will show that
if a female lays on the average sixty eggs, and if no
more than one-third of these on the average
produce females, yet in about twenty yeai-s, the
descendants then alive of the female cockchafer would
amount to upwards of 180 millions, supposing that no

Fig 4.—Claws of Coekc-Uafcr.

a. Male. h. Female.
Fiii. 5.—Larva of Corkchafei'.

accidents have happened. That the insects do not
appreciably increase in numbers therefore shows how
cxlonsive the chapter of accidents must be. The mothers
seem to suffer from a disease which sometimes brings
about the putrefaction of the eggs before they are laid,

while the armies of rooks, jackdaws and other birds mako
persistent and successful warfare upon the larv.-e.

About six weeks after the laying, the eggs, which are
at first oval, but afterwards become almost spherical,
hatch, producing little fat whitish grubs, each with six
logs close behind the head, and a pair of good biting
jaws on their disproportionately large heads. Their food
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consists of the roots of plants, and during the latter part
of one summer, the whole of a second, and the fii-st part
of a third, tliey spend their time in nibbling these root-s,

whereby they of coiu'sc either seriously weaken or

altogetlier destroy the plants attacked. The amount of

damage, tiiereforc, that one of these ginibs can do during
its two years' course and more, is very considerable, and
as the work of devastation is all c;u-ried on beneath the
surface of the ground and thus out of sight, its prc^

vention is coiTespondingly difficult. JIan. in fact, must
rely largely upon workers whose senses are more acute
than his o\v^l if these grubs are to be detected in their

clandestine work. And here it is that the rooks and
jackdaws aforesaid come in useful, their acute sense of

hearing enabling them to detect the movements of the
grabs as they work their way through the soil, and of

their jaws as they enjoy their subterranean repast. In
winter the grubs go deeper into the ground, where they
will bo out of the reach of sudden changes of

temperature.

In the third year of its existence, the grub is full-

grown (Fig. 5) and about an inch and a half long, with
a shiny chestnutrcoloured head, and three pairs of legs

similarly colourcKl. The hinder part of the body is

always bent round in a semi-circle towards the head,

and is very much swollen, the dark-coloured cont^ents of

the intestines showing plainly through the thin skin.

When tlie giiibs arc quite young, the damage they do
is inconsiderable, and is confined to the tenderer and
more delicate I'oot fibres, but dui'ing their second and
third years they are exceedingly voracious and devour
an enormous amount of food, not neglecting even the

coai-scr root fibres which had before been too much for

their jaws. There is probably a certain small balance

of agricultural benefit to be set over against the damage
they commit, because their tunnelling niovcmentsi serve

to loosen the soil, and while they are devouring their

proper food, they necessarily swallow a good deal of

oai-th and so perfonn sei-vices analogous to those rendered
by earthwonns.

lu the July of its third summer, the grab goes down
to a depth of about two feet and there excavates an
oval cell, which it lines with a gummy secretion. Here,

throwing off its last lai-val skin, it changes into a

ehi-ysalis, which, like those of beetles generally, shows
plainly all the parts of the future insect—legs, wings
and antenna?, bent round to its under surface and tightly

enclosed in a thin skin. The chrysalis stage is a very

brief one, lasting only for about a month. Then another
and final moult takes place, and the insect appears a
full-gi-own and perfectly formed, though soft^skinncd,

cockchafer. By the end of August, tlien, or at latest,

the beginning of September, it lias completed its cycle

of changes, but it is by no means ready for the active

business of adult life. In fact, it remains in its cell

underground shut up for the winter, and destined to

lie helplessly there in company with its last two cast

skins till the genial days of spring summon it to the

surface. By about the 20th of April, close upon three

years after its mother laid the egg from which it was
hatched, its skin has suitably hardened, and it performs

its first feat in tunnelling as a perfect insect by making
a shaft, up which it travels to the open air and the

sight of the country ai'ound, which it thus beholds for

the first time in its existence.

Once above ground, the cockchafer climbs up into

trees, having a particular liking for oak, beech, chestnut,

poplar, and elm, upon the young leaves of which it now
begins to feed. It has still some seven or eight weeks

to live, and that time, which will be a busy one, has
to be spent in providing for the coming generation.
Frequent pairings take place, and the intervals between
the courtships or egg-layings are spent in feasting, both
the sexes recuperating their energies by devouring great

quantities of the leaves of the before-mentioned trees, or
failing them, of whatever else can be found. Thus the
insect, in its early stages a devourer of roots, becomes,
when fully grown, addicted to leaves and green herbage
generally, a curious change of diet which suggested to

an old writer the following quaint reflections:
—"This

seems one of the wise Contrivances of Nature, that
adapts as most proper the Aii-y finer nourishment for

the more agile and light Body of the Volatile Insect,

while the same Animal, when a dull Reptile Wonn, is

sustained by a more gross and terrene Food, more fitting

to its slow and heavy Natui-e." Both the sexes ai-e

excellent diggers, and the male frequently goes beneath
the surface as well as his partner, though for what
purpose it is not easy to say. The powerful spurs on

the fore-legs, which are always found in digging insects,

are no doubt useful in excavating the buiTows. Though
most abundant about May or June, the insects may bo

found more or less frequently all through the summer,
the males being met with, at least in this countiy, much
more commonly than the females. The insect has now
come to the end of its career ; by the time autumn is

over they have disappeared, and it seems that none are

left to hibernate.

The unusual length of the larval life produces a

periodicity in the appearance of the adults which has

some remarkable features. For example, the adult cock-

chafers which were to be found during the now closed

season of 1901, were not the descendants of any that

might have been seen in the preceding year, but sprang

from those which appeared in 1898. These latter laid

their eggs in the early summer of 1898, and the grubs

lived underground during the years 1898, 1899, and
1900, becoming \nipx in July, 1900, and perfect insects

in August of the same year, but not appearing above

the surface till April, 1901. It appears, therefore, that

the swanns of cockchafers should be seen every third

year, and this, at least on the Continent, is certainly the

case. But the remarkable fact is that the year is not

the same one in all pai'ts. For example, Switzerland

may be mapped out into three distinct regions, in which
the cockchafer year falls on different dates. Thus in

the region near Basle, the cockchafer year oecuis when
the date of the year divides by three without a re-

mainder ; in the Berne district when it divides by three

with a remainder of one, and in tlie Uri district when
the remainder is two. Thus 1899 was a cockchafer ycai-

at Basle, 1900 at Bcnie, and 1901 at Lucerne. Thus it

follows that three generations of cockchafer grabs ajro

at the present moment living in the soil in different

places, destined in their tuni to yield the adult insects

of the years 1902, 1903, and 1904.

Wo have said that the males are more frequently

seen than their partners, and this is particularly the

case in the pairing season, when large assemblages of

males may bo noticed in the evening circling like a

swarm of bees round the tops of trees or over the gable-

ends of houses. When the insects aie plentiful, they

often lose their foothold in the trees in the daytime and
drop to the gi'ound, when they are eagerly sought aftor

by swine and poultry. In the year 1688, enormous
swanns a])pcai-ed in the west of Ireland, and the pigs

seem to have flourished upon them.

Besides the common cockchafer, another insect., of
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somewhat similar appearance, but smaller, much more

hairy, and without the white scales and triangT.ilar

patches, is also met with in this country, though perhaps

not quito so commonly. It is sometimes called the July

Bug (If/ii:otrof/iis so/Ktitidiirt), and lias habits similar to

those of Melolonllia. Another insect, nearly allied to

these, and much handsomer, is that known as

P/n/Uiipfr/Jin hortirola. It goes by a variety of local

and popular names, such as bracken clock, fernwcb,

fernshaw beetle. It is considerably smaller than cither

of tho others, hairy, and with a metallic green thorax

and reddish wing covers. It sometimes does considerable

damage to gardens, as well as to pasture land. It is

often found in strawberry beds, and is particularly

common in the eastern counties. Canon Fowler says

that this beetle is a good bait for trout, chub, and other

freshwater fish. The common cockchafer, as being an

easily procurable insect, has been often iised as a typical

instance of insect structure ; its anatomy was very fully

worked out by Strauss-Diirckheim, and it has been used

for experiments in insect locomotion.

ANIMAL PERFUMES AND THEIR ORIGIN.
By R. Lydekkee.

Although fashionable enough in former days, the three

chief perfumes of animal origin, namely, civet, amber-

gris, and musk, have steadily declined in popular favoiu-

in their unmixed condition, and are now chiefly em-

ployed to form a basis for other scents of a less power-

ful nature. All three are products of mammals, and
all appear to have been known from very ancient times

indeed, although much misconception was long prevalent

with regard to the real origin and nature of the second.

Nowadays naturalists ai'e almost universally in the

habit of calling the animals from which the first^named

of the three is obtained " civets," although in popular

language they are termed " civet-cats." Apparently
there is little doubt that the latter usage is correct, the

name civet being properly applicable to the perfume
itself i-ather than to the animal by which it is secreted.

In a well known dictionary we find, for instance, the

following :
—

" Civet, m. [Fr. eiveiie; Ar. and Per. zabad.'] The sweet scent

of any beast ; a semi-fluid substance taken from under the tail of the

civet-cat and used as a ])erfume. vt. To scent with civet; to perfume."
" CivETCAT, n. The animal that produces civet."

Again, in Shakespeai'e and other early writers the

word civet is invariably employed to designate the per-

fume itself.

Of civet-cats, to give them their full title, there are

several distinct species, the typical representative of

the group (Viverra civetta) being African, while the
others are inhabitants of India and the Malay countries.

These animals, the largest of which is about the size

of a cat, while the smallest may be compared with a
pine-marten in size, are near relatives of the genet and
the palm-civets, and more distant cousins of the
mongooses. Their affinities with the cat tribe are com-
paratively remote, although, in spite of their long and
pointed muzzles, they are much more closely related

to those animals than they are to the dogs. They
ai-e coarse-haired, flat-sided creatures with small ears,

partially retractile claws, a long tapering tail, and
generally a crest of long hairs ninning down tlie middle
of tho nape and back. The ground-colour of the fur is

gi-eyish, upon which are streaks or blotches of black
or blackish brovni, the tail being ringed with black.

The most striking and characteristic feature of their

coloration is, perhaps, the black gorget on the throat.

Tho civet, which is a white fatty substance, is con-

tained in two small pouches, or infoldings of the skin,

situated beneath the base of the tail.

To obtain the civet the animals are kept in con-

finement enclosed in long cages so narrow that they
cannot turn round. Two or three times a week the

back of the cage is opened, and the animal dragged
by its tail close up to a cross-bar, when the civet is

carefully scraped out of the pouches by means of a
wooden spoon or spatula. When collected the perfume
is carefully enclosed in an air-tight vessel. The amount
of civet yielded depends, it is said, to some extent
upon the food on which the animal is fed. If the

civet be not periodically removed, some of it is dis-

charged by the animal itself; and the walls of the

cages of the civet-cats in the Zoological Gardens arc

frequently smeared with this odoriferous substance,

which is cai'efully collected by the keepers.

A very largo amount of commercial civet is yielded

by the large African civet-cat, already mentioned, but
the large Indian species, or zibeth {Viverra zihetlia),

which derives its name from a corruption of the Arabic
and Persian designation of the perfume, is probably
equally prolific in this respect. The smaller oriental

civets, the smallest of which—the rasse—has been in-

troduced into Madagascar, yield, of course, a less amount
of this valuable substance.

Formerly, at any rate, civet-cats were kept in Holland
for the sake of their perfume, as is attested by the

following extract from Hutton's translation of Buffon's

Natui'al History, published in 1823:—
" In Holland, where no small emolument is derived

from their perfume, they are frequently reared. The
perfume of Amsterdam is esteemed preferable to that

which is brought from the Levant, or the Indies, which
is generally less genuine. That which is imported from
Guinea would be the best of any, were it not that the

negroes, as well as the Indians, and the people of the

Levant, adulterate it with mixtures of laudanum,
storax, and other balsamic and odorous drugs."

Roughly speaking, about twenty thousand ounces of

civet are annually imported into London ; of pure Jeddah
civet the value is eight shillings and sixpence per ounce,

of " commercial " civet seven shillings.

Very different to civet, both in character and in

origin, is the substance known as ambergTis. The name
of this very remarkable substance is of French origin,

amhre-(iris, signifying grey amber, or rather perhaps
grey pei-fume, the word amber itself (Fr. amhre)
referring to the odoriferous qualities of the substance it

designates, as is exemplified by the verb amhre, to

perfume.
Ambergris is generally found floating on the surface

of the sea, and vei-y different ideas have been enter-

tained as to its natui'e and origin. It appears, how-
ever, that so early as the middle of the sixteenth

century it was known to have some connection with
whales ; although the nature of this connection was
not fully realised. One writer, for instance, in describ-

ing a sperm-whale stranded on the Norfolk coast,

expresses his surprise at not finding ambergris in its

stomach. Although the idea that ambergris is swallowed
by the spei-m-whale is eiToneous, the writer in question
was quite correct in regarding that substance as per-

taining to this particular species of cetacean.

A century later the original idea of the association

of ambergris with whales seems, however, to have been
abandoned in favour of a notion that it was the gum
of a tree. On the other hand, in an eai-ly edition of
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Johnson's Dictionary (ISIS) it is described as being
either floating honeycomb or guano.

Buflon, however, was fully convinced of its cetacean

origin ; and in the translation of his work already

cited wo find the following passage in connection with
the sperm-whale :

—
" As to the ambergrise which is sometimes found in

this whale, it was long considered as a substance found
floating on the surface of the sea; but time, that
reveals the secrets of the mercenary, has discovered that

it chiefly belongs to this animal. ... It is fovuid

in a bag of three or four feet long, in round lumps,

from one to twenty pounds in weight, floating in a

fluid rather thinner than oil, and of a vellowish colour.

There ai-e never seen more than four at a time in one
of these bags; and that which weighed twenty pounds,

and which was the largest ever seen, was found single.

Tlicse balls of ambergrise are not found in all fishes

of this kind, but chiefly in the oldest and strongest."

While there is much of truth in this account, there

is a certain amount of en-or. As a matter of fact, amber-
gris is usually found floating at sea, or more generally

cast up by the waves on the shore. The fact that

it contains the horny beaks of squids and cuttles be>-

longing to species that form the food of the gigantic

sperm-whale, or cachalot (by far the largest of the

cetaceans furnished with teeth), is alone sufiicient to

indicate that it is a product of that monster. And from
time to time it is actually found in the alinicntai-y

canal of that whale. It appears, indeed, to be a biliary

concretion, closely analogous in its nature to bezoar

stones, and due to the existence of disease in the indi-

viduals in which it occurs. In place, therefore, of

being found only in old and strong specimens, it is

generally at least met with rather in those in poor con-

dition or which have died a natural death. The bags

containing ambergris mentioned in Buflon's account

would appear to be jjortions of the whale's intestines

which have been cut out and tied up with their contents.

When first taken from the sperm-whale's interior amber-

gris is a soft greasy substance, exhaling an exceedingly

disagreeable odour ; and it is only after exposure to

the air that it hardens and acquires its characteristic

aroma, which is described as being sweet and earthy.

As its name implies, ambergris is of a grey colour.

The largest piece of ambergiis known to Buffon, as

above stated, weighed twenty pounds, but masses largely

exceeding this have since been recorded. A piece

weighing one hundred and thirty pounds, the value

of which was fully five hundred pounds, is, for instance,

definitely known, while according to Messrs. Van
Beneden and Gervais a mass weighing no less than nine

hundred and eighty-two pounds is stated to have been at

one time in the possession of the Dutch East India

Company. According to infonnation kindly supplied by

Messrs. Piesse and Lubin, the average amount of ambei--

gris imported yearly into this country may be put down
roughly at one thousand pounds. In a recent trade

circulai- the value of " fine grey " is given as one hundred
and twenty-five shillings per ounce, and of " fine black

"

seventy shillings.

Formerly ambergris found a place in the pharmar

copoeia, but its sole use at the present day is in per-

fumery, mainly as a base for other scents of a more
delicate nature.

The third substance on our list—musk—is the product

of the male musk-deer, or ka.stura {Moschus mos-

rhiferns), of the Himalaya and Central Asia, a horn-

less ruminant of about the size of a small goat. In

many respects, such as the possession of a gall-bladder
to the liver, this animal approximates to the hollow-
homed ruminants, although it is genei-ally regarded as
an aben-ant member of the deer family. In addition
to a rough coat of very coarse and almost pith-liko

hair common to both sexes, the musk-deer is specially

characterised by the presence of a pair of long scimetar-

like tusks in the upper jaw of the male, as well as by a
peculiar pouch situated in the groin of the same sex

yielding the perfume from which it derives its name.

Although by some writers the name Mosc/ius has been
derived from fjiosy^o;, the Greek for a calf, it really

appears to have a totally different origin. For instance,

in the dictionary from which one quotation has been
already made in an earlier part of the present article,

we find the following item :
—

"Musk, «. [h., muscus ; Vkvs., maxhk : At., niuslr ; Hind., mtisfilc,

mi'.vi; late Gr., moschos, tlic !-aiiie as oschos, a bag.] A strong-

scented substanee obtaiuetl from a cyst ov bag near tbe navel of an
animal that inhabits the mountains of Central Asia ; also, the animal
itself, vt. To perfume with mu.'<k."

From this it appeai-s that the word musk originally

means the bag in which the natural substance is con-

tained. The origin of the name kastui-a (the first a
pronouncd as the « in musk) is less easy to ascertain,

but it appeal's evidently connected with castoreum, the

aromatic product of the beaver.

The musk bag, or " pod, ' is cut out from the animal
after death, and when full contains about an ounce
of musk. At the time when the rupee was worth two
shillings or over, the value of a musk-pod in the Indian
bazaars was about one pound sterling. The amount
of musk in a pod varies according to season, and the age

of the animal ; apparently the pods are full only during

the pairing-season. When properly taken, the odour
of musk is so strong as to cause headache in those by
whom it is inhaled. And so enduring is the scent that
a piece of musk may be preserved in a room for years,

and at the end of that period will be almost as

odoriferous as at first.

Messrs. Piesse and Lubin estimate the annual import
of musk into England roughly at ten thousand ounces.

Several descriptions and qualities are recognised in the

trade, as may bo seen from the accompanying extract

from a recent commercial circular, where the whole-

sale prices are quoted :
—

peroz., 75/- to 80/.

32, 6 to 50/-

90/-

110-
65-

Assam ,, ... ... „ 60/-

Cabardine „ ... ... „ 45/-

Xepal ,. „ 40,-"

In addition to being employed lai'gely in perfumery,

musk is also used in the confectionery trade.

Of less importance than either of the preceding in

the perfumery trade is cantor, or cafitoreum, the secretion

of the beaver, of which, according to information kindly

furnished by the well known firm of perfumers above

mentioned, about one thousand pounds ai-e annually

imported into England, at a value of about twenty

shillings per pound. Although the use of this scent

in perfumei-y is limited, it is very largely employed in

the preparation of Russia leather, to which it com-

municates the well-known odour.

From accounts dating as far back as the year 500 B.C.,

it appears that beavers were originally hunted for

the ssike of their castoreum alone, the felting properties

of their fur not being discovered till centuries later.

" Tonquin Pile I.

., in.

pure
eoml

.
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The castoreuiu 18 contaiiied in a couple of pouches

situated in the groin of the beaver, which when cx-

tr.icted and dried are not unlike two pears; about six

pouches going to tlie pound. In olden times castoreum

was regai'ded as an abnost universal panacea, and its

value wiis proportionately high. Although this sub-

stance no longer appears in the phamiacopoeia, in

America, according to the author of (hidorolngia, " the

belief in the miraculous properties of the castoreum is

still shared by so many, that the c:rude article is even now
regularly sold in our drug stores, and its value steadily

increases so that quotations of from eight to ten

dollars per pound are current for the rough Canadian
' castors ' as the pouches are sometimes called, while

the Russian article is even more valuable."

It may be added, as a somewhat remarkable circum-

stance, that the castoreum of the American and Old

World beavers differs remarkably in chemical com-

position, the former containing 58.6 per cent, of resin

and 2.6 per cent, of calcium carbonate, while in the

latter we find only 13.8 per cent, of the resin and as

much as 33.6 per cent, of the carbonate. The reason

for this extraordinary difference is not easy to suggest.

Two other perfumes of animal origin, namely,
" musquash " and " musk-rat " are recognised in the

trade, but, according to information communicated by

Messrs. Piesse and Lubin, are at the present day of

no commercial value, the former being too rank, and

the latter too faint. It is a little difficult to trace the

origin of these two perfumes, since the " musquash "

and " musk-rat " ai'e one and the same animal

—

Fiber

ubefhicus. a North American relative of the water-vole.

Possibly the two kinds of perfume may be taken at

different seasons, or may be the product of different

sexes.

Yet another substance of animal origin, held in great

estimation in the east, both as an antidote to poison

and as a remedy against all kinds of disease, may be

appropriately noticed in this place. This is the cele-

brated bezoar, which is commonly believed in Persia

to be obtainable only from the wild goats (Capra

liircus cegagrus) inhabiting the hills between Karman
and Shiraz, although it doubtless occurs in those of

other districts, and probably also in other species of

wild goats or ibex. The name bezoar, according to the

late Sir O. B. St. John, is Persian, and should properly

be pa-zahr, a conniption of fa-zahr, which means " use-

ful (for) poison." Bezoai- stones ai'e concretions

fonneid in the stomach of certain individuals of the

wild goat, and vary considerably in size, shape, and
colour. A specimen described in Blanford's " Zoology

and Geology of Eastern Persia" was egg-shaped, and
measured three-quarters of an inch in length ; its colour

being dark olive and the surface highly polished. In
Persia bezoars are greatly valued, and in addition to

being used as a medicine and as an antidote to poison,

are sometimes worn by the women as amulets or charms,

encased in gold filigree work.

SPECTRUM OF LIGHTNING.

Photographs of the spectrum of lightning were obtained
on July 18 and 21, 1901, by Mr. J. H. Freese, under
the direction of Mr. Edward S. King. The 8-incli

Draper Telescope was used with an objective prism. The
telescope was directed to the portion of the sky in

which the lightning was particularly bright, and when
the observer thought that he had obtained an image.

the plate was changed. Even then many of the plates

wore badly fogged. A number of photographs were

taken in this way, and showed the curious fact that

tho spectrum of lightning is not always the same. One

flash, on July 18, showed three bright bands, while

another taken on the same evening showed ten bright

lines, and closely resembled one taken on July 21. The

latter is shown in Figure 1. To increase the contrast

of the original negative a double contact print was made
from it with slow plates, and is reproduced in the figure

on the original scale. The brighter portion of a second

flash, cleai'ly seen in the original negative, also appears

m the print. Measures, each consisting of three

settings, were made of three poi'tions of the principal

spectiiim, and the means of the results are given in

Table I. The original negative was an isochromatic

plate. The successive columns give the hydrogen lines

with which certain of the lines are assumed to be
identical, the mean wave length and intensity of the
lines in the spectrum of lightning, and the wave length

and intensity of the principal lines in the spectrum of

Nova Persei, No. 2, on March 23, 1901.

TABLE I.

SPBCTBA OF LIGHTNlKa AND NOTA PEESBI.

Hyd.
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The lino 4222 appears as a broad band in the Nova.

The last band is very broad or perhaps a continuous

spectnuu extending in both objects from about wave
length 5300 to 6000. The lines in the two spectra appeal"

to resemble each other closely both in position and in

intensity. On September 15, 1901, a photograph was
obtained with the 11-iuch Draper Telescope, showing
nearly thirty bright lines. Some of these show a curious

doubling, the separation varying in different portions

of the flash. Apparently, this is due to another flash,

in whose spectrum only a portion of the lines appear.

Edward C. Pickering.
November 16, 1901.

CONSTELLATION STUDIES.
By E. Walter Mau.nder, f.r,a,s.

XII.—THE GREAT HUNTER AND HIS DOGS.

The long nights of winter are the time when the

heavenly hosts gather in their most resplendent

squadrons. Sinus, by far the brightest of all the fixed

stars, reaches the mei-idian at midnight of New Year's

Day. Orion, the most splendid single constellation, is

crossing from 10.30 to 11.10, the same night. Procyou,

the Lesser Dog star, follows Sirius in its southing by
about forty minutes. East and west of these ai-e the

two bright zodiacal constellations of the Twins and the

Bull. South and east of Sirius is the liugest of the

constellations, the ship Argo, resplendent with many
brilliant stai-s, but distinguished amongst all the stellar

groups by the numbers and the compact clustering of

the small stars just clearly within the grasp of the

unaided sight. Aratus marks the special glory of this

region, though Dr. Lamb faUs, as he too often does, to

represent his exact meaning.
" First rise athwart the Bull—majestic sight,

Orion's giant limbs and shoulders bright.

\\Tio but admires him stalking through the sky.

With diamond studded belt and glittering thigh.

Xor with less ardour, pressing on his back.

The mottled Hound pursues his tiery traek.

Dark are his lower parts as wintry night.

His head with burning star, intensely bright,

Men caU him Siiius, for his blasting breath.

Dries mortals up in pestilence and death."

Both the Authorised and the Revised Versions of

the Bible refer the Kesil of Job xxxviii., 31, to this

constellation. There is much probability that the

rendering of the Revised Version for the other two
constellation names mentioned in this text, Aish and
Kimah, " the Bear ' and " Pleiades," are quite coirect,

but there is more uncertainty in the present identificar

tion. Kesil means " impious, mad, rebellious," and as

such is traditionally supposed to refer to Nimrod, " the
mighty hunter before the Lord," supposed to be the first

great conqueror, and the first to set up a tyranny based
upon militai-y power. One difiiculty in rendering Kesil
by Orion is that the same word occurs in the plural in

Isaiah xiii., 10, where the word is translated " constelW
tioiis. ' If Kesil, therefore, really refers to Orion we
must suppose that in this passage the most glorious

constellation of the sky is put for constellations in

general. The context, however, would rather lead t«

the idea that we should look for a winter constellation
to correspond to Kesil; for just as " the sweet influences
of the Pleiades ' evidently refer to the revival of nature
in the spring, so " the bauds of Orion " may be naturally
supposed to point to its imprisonment by the cold of

winter. If Nimrod be really the original Orion, there
was an unsuspected appropriateness in the sycophantish

proposal of the University of Leipsig to give the centi'e

stars of the group the name of Napoleon, the most
modern example of the same mad ambition.

Brown traces the name Orion to the Akkadian Ur-ana,
" the light of Heaven, ' a poetical and most natural title

for the most beautiful and brightest of all the stellai-

groups. And it may well havo been that, as Brown
further thinks, this name was given because the con-

stellation was taken as a stellar reduplication of the one

great light of heaven, the sun, or the same name having

been given independently to both the sun and the con-

stellation, the latter was taken as representing the

fomier. The stellar giant, therefore, on this view

presents to us a personification of the sun, " rejoicing aa

a giant to run his race.
'

But what does ho pursue i His prey is found in the

little constellation beneath his feet, on© of no distinction

or brilliancy, the Hare.
" Up from the east the Hare before him flies.

Close he ])ursues her through the southern skies."

Now it is cei-tain, as Brown points out, that " the amount
of folklore and zoological myth which all over the world

connects the moon and the hare is simply astonishing.
'

Of coiu-se it does not necessarily follow that the Hare
as a constellation is also a symbol of the moon, but at

least the suggestion has no improbability. It is possible,

therefore, that in Orion the mighty hunter trampling

on the timid fleeting hare, we ought to recognise a

primeval emblem of the rising sun overpowering and
crushing with his vastly more powerful light the feebler

rays of the moon as she flees before him towards the

west. But whether the two Dogs which we find attend-

ing and following Orion have any deeper meaning than

the natural desire to piece out this picture of a hunter

and his chase, by providing him with a leash of hounds,

may well ba doubted.

The figure of the giant hunter is one of the very easiest

to make out of all the constellatioji figiu'es. Seven bright

stars stand out with special distinctness. That furthest

to the north-east of the seven is obviously orange in

colour, and is Alpha, Betelgeuse, " the shoulder of the

giant." The star in the north-western comer is Gamma,
Bellatrix, " the female warrior." This last title is from
the translation in the Alphonsine Tables of the Arabic

title Al Najid, " the conqueror." The south-western

comer is held by Beta, Rigel, the " foot," the brightest

star of the constellation. The fourth corner, the south-

eastern, belongs to Kapjia, now known as Saipli, '' the

sword,' the name having been transferred to this star

from Iota, to which it really belongs. Three stars mark
the Belt of the giant, as the four foregoing mark his

two shoulders and his legs. These in succession are.

Delta, Mintaka. " the girdle "
; Epsilon, Al Nilam. " the

string of peai-ls "

; and Zcta. Al Nitak, " the belt." The
sword is marked by a short row of stai-s in a straight

line below Epsilon. These are, 42, Theta and Iota.

Theta, to the eye, is a misty star ; its diffused

appearance being due to the great nebula, the most
glorious object in the heavens. Between Alpha and
Gamma, but a little to the north, is a compact little

triangle of stars. Lambda and Phi 1 and Phi 2, which
mark Orion's head. His club stretches up across the

Milky 'Way to the feet of Gemini and the horns of

Taiinis, whilst between Bellatrix and Aldebaraii a

curving line of stais runs nearly due south, marking the

lion s mane, which the Hunter is shaking before the eyes

of the Bull, as if it was the scarlet cloak of a toreador.

The little constellation of the Hare does not contain

much of interest for the naked-eye observer. Its

principal star, Alpha, sometimes known as Ameb, " the
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liare," is very near the point of an equilateral triangle,

of wliich Beta and Kappa Orionis fomi tlio base.

A far more majestic triangle, and more nearly exact

in its proportions, is that formed by Betelgeuse, Sirius

and Procyon.
" Let I'roovon join with Betoljieusc ami pass a. line afar.

To reacli the point where Sirius glows, the most con-

spicuous star ;

Then will the eye delighted view a figure fine and vast;

Its span is equilateral, triangular its cast.

Tho constellation of Canis Major, though in itself a

brilliant one, lies so low for English observers that

practically we think of little but its chief star. But
this is so far and away the brightest in the sky, being

more than two full magnitudes brighter than the average

first magnitude star, such as Aklobaran or Alt<air, and

is rendered so unusually striking by the intensity of its

scintillations, that it serves alone to amply distinguish

tho constellation to which it belongs. Its excessive

or " prince," or " the bright and thining one " ; all

equally natural and appropriate for this prince of stars.

Our name for the Lesser Dog, Procyon, is simple enough.

It is merely " before tho dog "; in other words, Procyon

was tlio forerunner of Sirius, not as crossing the meridian

earlier, but as rising before it and so heralding its

appearance.

The colours of the four brightest stars of this region

are very well worth studying; the orange of Betelgeuse

being in strong contrast with the steel-blue of Rigel and
Sirius, whilst Procyon, though a white star, yet shows a

distinct creamy or yellowish tinge, which to a sensitive

eye is on a fine night very clearly distinguishable from
the colder hue of the two brilliants first named.
The constellation of tlic Lesser Dog in Ptolemy's

Catalogue numbei-s only one star in addition to Procyon.
This is Beta, Gamcisa, the " dim-eyed," possibly as mean-
ing that Procyon is so much less brilliant than Sirius.
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Star Map No. 12; The Great Hunter and his Dogs.

scintillation is due to two causes ; the one that in these
latitudes it can never attain any great elevation ; the
other, its striking blui.'^h-white colour. For stars of that
colour scintillate more markedly than those of any otl-.cr,

and Sirius being the very type and model of the class,

its flashing rendcre it as conspicuous as its brightness.
" The fiery Sirius alters hue.

And bickers into red and emerald."

The name Sirius is usually taken as bearing its Greek
meaning of " sparkling," " burning, ' or " scorching," an
appropriate enough name for the brightest of the stars

and one in conjunction with the sun at the beginning
of summer. Other renderings intei^pi-et it as " chief,"

Or it may be that it is a corruption of Al Gamus. tho
" puppy." A glance at the sky shows that Procyon and

Gameisa stand at much the same distance apart as Castor

and Pollux, and tho Arabian astronomers tised to call

tho space between the two stars of the Twins " the long

cubit," whilst that between the two' of the Lesser Dog
was " the short cubit,

'—an old instance of the tendency,

which seems so irresistible, to accouat a space in the

heavens of some seven to ten degi'ees of aix in length

as equivalent to a teiTcstrial yard.

Procyon and its companion form yet another proof

that the constellation names were not given in conse-

quence of forms suggested by the actual groupings of
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the stai-s. CerUiinly there is nothing to suggest a dog
in tlio presence of two fairly bright stai-s some five

dc^-ecs apart.

The Greater Dog is a far- fuller constellation. Beta
precedes Sirius some twenty-two minutes and is therefore

called Miu'zim, the " Announcer.' Quite low down near
our horizon is a right-angled triangle of bright stais,

the right angle being marked by Delta. Ejjsilou and
Eta at the two other points of the triangle lie some
three degi-ees further south and are nearly on the same

The Midniglit Skv for T-ondon, 1902, Januarv.

parallel with each other; Epsilon is Adhara, the " back."

Delta is in the centre of a very interesting region, a

curious curve of small stars preceding it, whilst another
follows.

Argo is scarcely at all an English constellation, the

gi-catcr part of its huge bulk lying below our horizon.

The vessel is drawn in our atlases and described by
Aratus as travelling stem foremost. Thus in Brown's
translation we read :

—
" Stern forward Argo by the Great Dog's tail

Is drawn ; for her's is not a usual course.

But backward turned she comes, as vessels do
When sailors have transposed the crooked stern

On entering harbour ; all the ship reverse.

And gliding backward on the beach it grounds.

Stem forward thus is Jason's Argo drawn."

The Greek legend of the voyage of the Argonauts
under Jason to recover the Golden Fleece was believed

by Sir Isaac Newton to have an actual historical basis,

and to record the beginning of Greek commerce. In
fact in his view the constellations generally were
designed by the Greeks to celebrate the heroes and deeds

of this gi-eat expedition. The knowledge which later

times have brought us have compelled us to recognise

that the constellations are far older than Newton thought
them, and beyond a doubt Proctor was quite correct in

recogTiising in Argo and the southern constellations near
it,—Centaurus, who is represented as having apparently
just left the ship and the Altar at which he is

sacrificing,—a pictorial record of that great Deluge of

which the Hebrew and the Babylonian accounts agree so
strikingly. The Altar lies entirely below our English
horizon; the Wolf, the somewhat inappropriate animal
whom tho Centaur is offering up, shows but two or
three faint stars; and Theta Centauri, the star in the
Ccntaiu-'s head, is the only bright member of that
constellation visible to us.

THE PROGRESSIVE SPECTRUM OF NOVA
PERSEI BETWEEN FEBRUARY 22 AND

NOVEMBER 28, 1901.

By Rev. Waltku Sidorpjaves, s.j., f.k.a.s.

The new star is already old while its birth and rapid
growth are fresh in our memories. Its brightness, its

colour, and its spectrum have been watched with
assiduous care throughout its short life, and a large
collection of spectrographic plates preserve the record
of sui-prising changes in the stmcture of its light beams,
for the study of tho futiu-e. The question now is. what
has been learned so far from this apparition iu Perseus?

Can it be, iu miniature, the life-history of a fixed
star, of unnumbered ages enacted in the brief span of a
few months .' Not, certiinly, in relation to its birth
and gi-owth; but iu its decline the Nova might have
been expected to exhibit tho stages of a star cooling.
The loss of heat, whether in ages or in months, should
pass through the same degi-ces of temperature; and the
successive spectra of Nova Pei-sei between Febiiiaiy 132-

23, when the star was at its greatest splendour, and
September 5, when it had fallen to near the seventh
magnitude, should liavo become the guiding signs for
tho classification of stai-s on the descending scale of
tempcratm-e. But the changes have been too rapid

;

the process of ages has been i-ushed through in houi-s
rather than in months ; and no one knows what has
been hidden from us in the day-light houre and by the
evening clouds of Febiniary 24.

On Febi-uaiy 22 the spectrum of the star was found,
at Harvard College in America, to be of the Orion type,
with the first glimmer of bright radiation at the red
side edges of the hydrogen lines. On Februai-y 23, at
the same observatory, a faint photograph " showed no
marked change, except that the line K was present." *

On the same date at Edinburgh the visual spectiiun
was described as " a distinct but feebly developed solar
typo"; t and on the Potsdam plates the 9 hydrogen
lines, from Hfi to 11k api^eared as " broad absorption
bands, veiy weak, diffuse, and only recognisable with
difficulty. '

I

On Febi-uai-y 24 a great change in the spectrum was
found on the photographs at Han'ard College, and at
the Yerkes Observatoiy. " It was traversed by numerous
bright and dai'k bands, and closely resembled that of

Nova AiU'igae." §

Thus in the short space of 48 houre the star's

spectrum had changed from that of a white star of the
Orion typo to a composite spectrum of bright and dark
lines: a change to be worked out on a fixed star in

ages of time ! The intermediate changes are not so

* Ap. J., XIII., 172.

I Vogel, Ap. J., 218.

t Edinburgh Circular, Jfo. 5-i.

§ Pickering, Ap. J., XIII., 172.
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clearly known as could be wished ; but they are not

entirely lost. On the Har\'ard photographs of the 22nd
the bright lines were beginning to appear; bnt on tiie

Potsdani plates of the 23rd " thero was not any
suggestion of emission lines or bands,"

||
but the

hydrogen lines were broad, weak, and diffusive. From
this it would appear that on the night of the 23rd the

dai-k hydrogen lines were widened out together with the

bright lines, partly masking ono another, and extinguish-

ing the bright edges seen on the IIai-\'ard College plates

of the 22nd. The two scries were not yet separated,

and the scpai-ation took place between the nights of

the 23rd and 24th. And if this separation of the bright

and dark hydrogen lines is to be attributed to velocities

on Doppler's principle, and according to Lord Kelvin's

explanation of the high velocity of the cooler gases after

impact,^ the actual collision of the two masses must
have occurred between these two nights. Such an
occuiTence is not inconsistent with the previous short

history of the star. It was increasing in brightness

from the early morning of Febiiiai-y 22, civil time, up
to the night of the 23rd, and may have reached its

maximum on the 24th in the day-liglib hours of both

Europe and America. During the two or three days

of approaching one another, both bodies would suffer

tidal disturbances enough to account for the increasing

white heat, and brilliant continuous spectrum. And
after the crash, the temperature would rise suddenly,

vaporising the masses and converting much of the con-

tinuous spectrum into gaseous radiations, with corre-

sponding fall off in general brilliancy.

But, to retiuTi to the first enquiry, the evidence of

the photogi-aphic plates of the 22nd and 23rd appears

to be against any transition of the specti-um through
the changes whicli are supposed to mark epochs in the

long history of the declining life of a peniianent stai".

The transition from the type of the Orion stars to the

composite bright and dai-k broad line spectiiim was
abrupt; the bright lines had already begun to appear
on the 22nd, and the dai-k lines were broad on the 23rd.

It should, therefore, be considered possible that a star

of the Orion type might die out without passing through
the gi-adations of the Solar type, \uiless the gap in the

succession of spectra of the Nova was covered by the
leap of temperature at the impact of two stars, already

suggested. After the first flash of brilliancy the hotter

gaseous radiation would be less luminous than that of

the previous solid or liquid state, and the scattered

fragments would cool down rapidly by freer radiation
into space. The pair of stais would be broken iip to

begin again their slow career of condensation.

The new composite spectrum of Febi-uai-y 24, which
may be called the second spectrum, to distinguish it

from later fonns, remained substantially the same until
March 19, and is illustrated by the first four photographs
of the plate. But one very significant change was in pro-
gress diiring this time, and was completed between
March 21 and 22: the dark hydrogen lines were thin-
ning away, and were seen for the last time on March 21.

The importance of this lies in its connection with Lord
Kelvin's explanation of the apprnaching velocity of the
ahmrhing hydrogen. This temporary atmosphere might
be very dense at first, fomiing broad absorption lines,

and would thin away in its flight from the star, showing
thinner lines and finally vanishing. So that if the dark
hydrogen lines had not thinned and disappeared com-

II
Vogel, ihid. % Observatorv, No. 300, June, p. 223.

paratively soon, the chief support of the impact
hypothesis would have broken down.
On March 19 another great change was found in the

spectrum photographed at Hai-vard College. This is

tlie third spectrum of the star. It was photographed
again at Stonyhurst on the 22nd, 25th, and 28th, and
also at the Yerkes Observatory on the 22nd and 28th.

But it was not a pennanent change. The second
specti-um returned on the 21 sb, 26th, and 27th; and
up to April 26 the spectrum alternated between the two
foiTns. Tiio later, or third spectrum, is illustrated on
the plate already referred to in the pliotogi-aphs of

March 25 and 28. Its leading features are (1) a great

apparent extension of the first ultra violet hydrogen
line, H?, on the side of shorter wave lengths, occupying
nearly the whole interval between H? and H>)

; (2^ the
greater prominence of the blue bands, together with
new formations between H^ aud Hy ; and (3) the loss

of light in the continuous spectrum.

At fii'st these alternations appeared to be connected
with the phases of the stai''s light cm-ve, which at this

time were quite periodic, the minimum recurring on
the 19th, 22nd, 25th, and 28th. But this three^day

period failed eai-ly in April ; and since then, a com-
parison of all the photographs taken at Stonyhurst, up
to April 26, with the magnitudes of the star as

measured at the Radcliffe Observatory, Oxford, has
shown that the connection was not with any phase of

the light variations, but with an absolute magnitude of

the star. All the spectra of the third fonn appeared
when the magnitude of the star was below 4.57 ; all

the returns of the second spectrum occurred when the

star was brighter ; and on April 9, when the magnitude
was at this critical figure, the spectrum had been already

noted as belonging partly to both forms.**

The inference here is that at this period, when the

star was largely a glowing gaseous mass, the temperature
was oscillating with oscillations of the gaseous volume.
This volume of mixed heated gases might well have
been put into a state of gi'eat oscillation on being set

free at the impact of two stars, expanding and contract>-

ing, chilling and heating; and when the mean
temperature had fallen to the combining temperature of

the Constituents of the new baud adjoining H^, this

band would reappear and disappear with the oscillations

synchronously with the light variations.

So far, therefore, there does not appear to be any
insuperable obstacle in the way of the direct collision

hypothesis. And the recent astonishing information

from America regai-ding the surroundings of Nova Pei-sei

seems to demand the greatest imaginable catastrophe,

and there is none greater than the clash of two cold

worlds. In these suiTouudings there is telescopic

evidence of matter drifting at a rate which leaves the
alanning velocities revealed by the spectroscope to be
reckoned amongst comparatively easy going speeds. And
the evidence seems to be complete, in tlie agreement of

foui" separate condensations of nebulosity. The positions

of these on a photogi-aphic plate exposed on November
7 at the Lick Observatoiy, compared with a photogi-.-iph

at the Yerkes Obsei-vatory on September 20, show
practically the same displacements of each, amounting

*• These comparisons are confirmed by those of Harvard College,

in Ap. J., 1901, July, with one exception, viz., Ihat " on April 12
and 13 the magnitude was the same while the spectrum was different."

But the Oxford measures give different magnitudes for the two
nights, viz., 4,(i7 on the 12tli, when the third spectrum was photo-
graphed, and -t. 49 on the 13th.—M. N., May, 468.
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to li' in seven weeks, or 11' annual proper uiotiont+

;

and this at a distance uo greater than that of the

nearest fixed star means a velocity of 2090 miles in the

second.

But difficulties begin with the persisting width of

the bright hydrogen lines. Unlike their dark com-

panions, these remained strong and broad to the end

of April, and again from August 24 to November 28

they were, still, as broad as they were in the middle

of April, but uo longer the strong lines of the spectrum.

For nine full months they have remained abnormally

broad; and, since April 16, they have retained constant

widths, as compact bands without their hazy edges.

A line may bo widened by pressiu-e of the radiating

gas, or by the two-way displacements effected by rotating

velocities about an axis at right angles to our sight-line.

It is not easy to conceive the physical conditions of a

star, in which the whirling velocities of the heated

hydrogen atmosphere could be maintained practically

constant for nine mouths. Pressure, on the other hand,

only requires the central mass to be gieat enough ; but

the greatness is too great to be easily accepted; and the

compact appearance of the lines is not an expected
result of pressure, which hardly admits of uniforai

density with sharp edges. The dilBculty is great; but
it does not threaten one more than another hypothesis
coacerning the origin of the new star in Perseus. It

seems rather to be a sign of new discoveries in the
spectrum of hydrogen to be expected before any safe

conclusion can be drawn about the physical condition
of the star-; and other peculiarities of the fourth
spectrum point the same way.

The fourth spectrum was not photographed at Stony-
hurst until August 24.

All the lines of this spectrum agree, in positions, with
those obsei-ved in gaseous ncbulse. But they are all too
broad, and four of them, 3869, 3969, 4363, and 4719,
are composite bands, the first three of four components,
and the fourth of three.

But apart from the question of the nebulous character
of the star, the peculiarities of this spectrum are to us
at present an enigma, of which the key-word is probably
the lino 3969. This line began to put on its present
disguise at a rather later stage of cooling than its com-
panion line 3869, at a temperatui-e coiTcsponding with
the magnitude 5.3, by appearing in greater strength
than the hydro<:ren line H8 on April 16. If it is the
hydrof,'en line Hs, what condition of i,'lowiu<ir hydrogen
is indicated by this line being now stronger than all the
rest taken together, when usually it is the weakest of
those present in the photogi-aphs? It might be the
calcium line known as Fraunhofcr's H in the Solar
spectrum ; and if so, under what conditions can the
calcium H glow strongly without its inseparable and
stronger companion K? It might be the helium line
3965 greatly widened towards the red side. Three
helium lines could then be counted in the spectrum 3S08,
3965, and 4713, the two latter similarly widened so
much to the red side as to show the apparent centres
of the bands at 3969 and 4719; and all three are com-
posite bauds. But why ai-e these the selected lines, or
why are the stronger ones absent?

The answers to these queries, when found, will define
securely the physical condition of the star, at a time
when its spectrum looks so like and yet so unlike that
of a gaseous nebula.

tt Lick Obs. BuUetiu, No. lo.

Hettrrs.
[The Editors do not bold themselves responsible for the opinions

or statements of correspondents]

NOVA PERSEI.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—The interesting note by M. Antoniadi on the

photogi-aphic image of Nova Persei is quite in accord

with exposures I have made with a portrait lens by Ross.

I find the second aiu-eola, which is shown when the

exposure has lasted 3A hours, seems to be about 2i times

further off the central dot than the first aureola, tho

latter being well shown with an exposure of only ten

minutes. If a part of the object-glass is covered tho

portion of tho imago on the same side of the disc is

missing. This effect can also be seen in other stai-s,

especially those v^fhose photographic image is larger than
would be expected from their visual brightness, like

S Persei. If, now, the plate is withdrawn outside the

main focus, say, for about If in., the images of most
stai-3 will be neai-ly doubled in size, and will have a

central dot surrounded by a penumbra equally darkened
to the outer edge, but the image of tho Nova will be
nearly of the same size as at the principal focus of

the lens, and will be made up of a central dot with a

ring round it and the space between only lightly dis-

coloured. This effect is more visible perhaps when pait

of the aperture is covered, when the central dot and
part of the ring do not appear connected. Tho plato

ijeing so far behind tho focal plane it will be seen that

the part of the image obliterat-ed by partly covering the

object-glass is the opposite side, not the same one as in

the chief focus. It seems as if there should bo two
bands in the spectrum beyond the part which causes tho

central dot, the second one being two or three times

further off and of a weaker photographic effect. The
spectra shown at the last meeting of the R. A. S., if I

remember right, consisted of the nebulous bands and
two bright thick lines high up in the violet, of which
the second or further one was the brightest, and, more-
over, both bands were nearer together than to the main
part of the spectrum, which does not seem to correspond

to the size of image obtained with a portrait lens.

Inglefield, Little Heath, Potters Bar. Henry Ellis.

24th November, 1901.

RAINBOW BEFORE SUNRISE.
TO THE EDITORS OF KNOWLEDGE.

Sirs,—On the moniing of Thursday, 21st November,
I noticed gorgeous colouring in the south-east part of

the heavens, prepai'atory to sunrise. Near the horizon

the sky was comparatively clear, but higher up was a

lai-ge patch of cloud, tinted brilliantly with red and
orange, the intervening spaces being blue with shades

of green. There was at the same time a shower of rain

advancing from the west, which caught the bright light

reflected from the cloud, with the result that a piu'plo

rainbow became visible. The time of sunrise for this

day is 7.29, and the rainbow was visible from 7.15 (or

possibly sooner) to 7.30, when it began to fade away

;

before 8 o'clock rain was falling overhead. The bow
was of very large dimensions, with its two extremities

at right angles to the horizon. I should be very much
interested to know whether any of your readers have

a recor-d of a similar rainbow before sunrise.

E. W. Johnson.

50, Birdhurst Road, South Croydon,
30th November, 1901.
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j|tot(»0 of Boofts.

•Animxl Kifi;: A Fihst Hdiiic on Zool.nuv." ]{y Davifl Starr
jMrdiiii, I'U.u., i.i-.i)., ami Vi-nion L. Kellog, ji.s. (Hi-iirv

KiiiiiJtou.) 1901. Tp. jx. iiiid 328. 7s. 6il. lut.—TIiih i"s

iui exceedingly iiilenvtitiiig volume, covering llie wlmle field of
bionomics, or, us tlie authors prefer to call it, "animal ecology."
They " liave tried to put into .siuijilc form the principal facts
and approved hypotheses upon which the modern conceptions
of animal life are based." Although superficial in character,
as may be gathered from its size, the work is never-
theless very succossful. Darwinian rather than Lamarckian
principles are inculcated, though no direct attention is drawn
to tho tenets of either school of thought, and this, remembering
the nature <if the work, is as it should be.

The illustrations, 180 in all, are exceptionally good and well
produced. At the end of the book a classification of animals
is given, which is undoubtedly useful, but most certainly marred
by all disregard for order and method in the arrangement of
the examples selected to rejjresent each class. Genera and species
from numerous orders are jumbled hopelessly together in one
chaotic nmddle, thus in Class VI., Slamm.i^lia, we liave the
following:—" . . . . Monotremes, monkey, gopher, elk, bison,
prairie-dog, big-horn, hare . . .

." and so "on. Surely this chapter
needs revision !

• OusERV.vTWN Without I.n.struments : Hints for Young
Watchers of the Heavens." Bv Arthur Mee, f.r.a.s. (Cardiff:
Lennox Brothers.) 1901. Threepence.—Mr. Alee is already
well known for his " Observational Astronomy," a marvel of
cheapness, and of useful information, well and clearly put, and
we feel sure that tlie reputation he so justly gained by his
larger book will secure a very wide circulation for this admirable
little tract. It is just the book that thousands of people need,
who would like to do something in astronomy and yet cannot
afford the money which good instruments, even small ones, cost.
Such will find Mr. Mee's neat little pamphlet an introduction
to an unsuspected pleasure.

" Thk (jrowth of OiR EiiPiEK : A Handbook to the History
OF CtReateh BRiT.iiN." By Arthur W. Jose. (John Murray.)
6s.—Accepting the author's" own designation of his work a«" a
" Handbook " to the History of Greater Britain, we can com-
mend this volume as a thoroughly readable narrative of the
great achievements of the Anglo-S"axon race in everv part of
the world. And if we regret the inability of a careful and
animated writer to distinguish between the partisan and the
historian, especially in regard to events passing before his own
eyes, it is consolatory to remember that he errs in good com-
pany, and that writers of fiction have seldom equalled and
never surpassed the prolific imagination of some historians. But
some of Mr. Jose's speculations are very thin, and his conclusions,
shall we say, deplorable. The history of this great subject has
yet to be written, and we may hope" that Mr. Jose's Handbook
may serve the eminently useful purpose of pointing the way to
the greater task. The present book contains many maps well
illustrating its subject, and is furnished with a good" index.

" Pleasures of the Telescope." An illustrated guide for
amateur astronomers, and a iwpular description of the chief
wonders of the heavens for general readers. By Garrett P.
Serviss. (Hirschfeld Brothers.) Illustrated. 6s. net.—The title

is singularly appropriate. It has evidently been a great pleasure
to Mr. Serviss to write the descriptio"n of all that can be
seen, or found out, in the wonder-world that a 5-inch telescope
reveals ; it is certainly a very great pleasure to read it. We
may say that it actually raises a feeling of envy of those who
have the opportunity of examining these objects in Mr. Serviss's
telescope under his personal direction. The first chapter is not
the least interesting, dealing with the selection and testing of
a glass. Briefly, Mr. Serviss advises the purchaser to put all
his money in the glass, to have the mounting solid, however
rough it may be, to carry the telescope tube ind(K)rs when
not in use (a 5-inch telescope tube and gUiss would certainly
tend to develop one's muscles), and leave " observatorv. dome,
draughts and all " to those who "are both fond of and able to
procure luxuries." Having got the glass, he gives most practiciil
and practicable advice as to liow to learn whetlier any defect
ill the star iniiige is due to the eve, the evepiece, the object-glass,
or its collimation. Most of the succe"eding chapters tell of
the double stars, variables, clusters, and nebulap, which a 3, 4,
or 5-inch telescope may be able to .show in tlie constellations.
He then describes scenes on the planets, tlie moon and the
sun, and his final chapter discusses the question as to whether
there are planets among the stars. This is evidently a matter
in which Mr. Serviss takes a deep interest, and "from some
chance remarks scattered through the book, one learns that he

ci/iisiiiers tliat ours is the be«t possible planet, situated in the

best possible solar system, and that he has a deep sympathy
for any inhabitant of any jilanet that revolves round the sun,

either interior or exterior to the earth ; and very much more
sympathy still for the unhajipy denizens of the planets which
may owe allegiance to Sirius, or to Arcturus or to any other

sun.

" Micromethical Observations of the Doviile St.\bs Dis-

covered AT PULKOWA, MADE WITH THE 36-lNCII AND 12-INCH
Bkkractors of the Lick Ohservatory." By W. J. Hussey.
(Publications of the Lick Obser\-atory.)—Tlie 15-inch refractor

by Merz and Mahler was the largest in the world when it

«ius installed in 1839 in the newly erected Pulkowa Obser-
vatory. The director of the observatory. Dr. W. Struve,

formulated a programme of work with tho meridian circle

which should give a catalogue of all stars down to the 7th
magnitude between the north jiole and 15 degrees south latitude.

To learn their approximate [ilaccs, the 15-inch refractor w,is

used for a survey, and in the course of this a huge number
of double stars were marked. These doubles, in the beginning
of 1898, Mr. Hussey decided to remeasure and discuss, and
the present volume is the result. It is issued in the same
form, as nearly as jiossible, as the volume of 1290 stars measured
and discovered by Mr. Burnham in Vol. I. of the Yerkes'

publications. Besides the measurement and discussion of these

stars, which should prove of the greatest value to double
star observers, Mr. Hus.sey reviews in the introduction the

history of accidental and systematic personal errors, from
the time that Dr. William Struve first suggested their existence,

and his son, Otto Struve, tried to evaluate them by artificial

means.

" Annu.\l Report on the State of the Paris Observ.\tort
for 1900." By M. Loewy.—M. Loewy reports that this year
he has begun to publish the " Photographic Catalogue of the

Heavens," having issued 11 sheets containing the rectiline;ir

co-ordinates of 16,500 st<irs. The Photographic Chan has not
progressed so satisfactorily; its edition being paralysed by the bank-
ruptcy of one of the two firms which undertake the heliogravure

of the plates. The photographic atlas of the moon has been
proceeding very satisfactorily under the direction of M. Loewy
and M. Puiseux, and at the Paris Exhibition last year, two
pictures were shown giving a diameter to the inoun of 1.38

metres.

" A Tre.^tise on Photography." By Sir W. de W. Abney,
K.C.B., D.C.L., F.R.s. Tenth edition. (Longmans.) Illustrated.

5s.—Sir William Abney's " Treatise on Photography " is so

well known in its previous editions that attention need only

bs drawn to the additions that he has made in the present

issue. He has very carefully and fully described the processes

of photo-block printing where the details of the work are not

yet kept secret by the firms who use this method, and chapters

are also added on the orthochroniatic and trichromatic processes.

On page 277 there is an interesting little account of the author's

experiments in pinhole photography. He points out (as Lord
Rayleigh did some years ago) that there is a focus of best

definition for each particular apertm'e of pinhole employed, and
he also notes that after the aperture of the pinhole is diminished

beyond a certain limit, the image ceases to improve in sharp-

ness, as might be expected, owing to the serious diffraction

that takes place. The aperture d in millimetres which he finds

to correspond best with the distance / in metres of the hole

from the plate, is given by the empirical formula (f= 1-25 /_/",

but this does not take into account the wave-length of the ray
of light as it theoretically should. Has Sir Wilham ever tried
the effect of coloured screens with a pinhole aperture?

" A Civilian War Hospital." By the Professional Sta£f

:

Drs. A. A. Bowley, H. H. Tooth, C. WaUace, J. E. Calverley,
and Surgeon-Major Kilkelly. With numerous illustrations. (John
Murray.) 12s. net.—From the point of view of military medicine
and surgery, the unfortunate war in South Africa has been of
great value ; for it has afforded an opportunity of obtaining in-

formation with regard to the injuries caused by small-bore, high-
velocity jirojectiles, and the causes of enteric diseases. In this
volume we have an account of the work of the Portland Hospital,
and of experience of wounds and sickness, with a description of
the equipment, cost, and management of a civilian hospital in
the time of war From the large amount of valuable material
thus made available, a few points of general scientific interest
may be selected. Remeaibering the established connection between
mosquitoes and malaria, and how plague is probably spread by
the bites of fleas which have livt-d on rats stricken with the
disease, the observation that flies were always numerous in
lilaces where enteric fever prevailed is suggestive. There seems
little doubt that flies were to a large extent responsible for the
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si.rraa of tvplioid, though the ixact nature of the connection

between thJ insect and the disease has not been made out.

We rciid, for instance, "Flies seem to have a special attraction

to enteric fever jKitients. In a tent full of men, all apparently eiiually

ill, one may almost pick out the enteric cases by the masses of flies

that thev a"ttraet." But this is probably only one means of spread-

inw' the "disease, and so little is known upon the whole subject that

no definite conclusions can be drawn which would permit a

scheme of preventive measures to be defined. In the present

state of knowl«lge, it seems to be almost impossible to combat

hvgieniciiUv the spread of enteric in any army under conditions

siniilar to' those prevailing in South Africa. Inoculation was

tried as a means of prevention, and the results obtained were

d.-eidedly in favour of it : but the number of ca.ses was too

small to justifv anv general adoption of the method. Another

nuitter to which one naturally turns is the use of Kontgcn rays

in locating bullets and determining the nature of injuries to bones.

It is admitted that the usefulness of the Portland Hospital would

have been imi)aired considerably if the Rontgen ray apparatus

had not been taken out. Simple observation with the fluorescent

sireen did not prove of much use, but photographs were found

of extreme service, and a number of them serve to illustrate the

volume under notice. Before the war, little was known as to

the effi-cts of highveJocity projectiles on bones, but the Kontgcn-

ray pliotograplis have enabled surgeons to speak with tolerable

a.ssuraiice on what was formerly mainly sjieculative. The surgical

side of the war is, in fact, much more satisfactory to contemplate

than the medical. Of the 303 surgical cases admitted into the

Portland Hospital, only three died. Xearly all the wounds
healed without suppuration, and there were no cases of erysipelas

or other forms of bl(M)d poisoning. On the medical side we have

th« fact that there were 29 deaths in 232 cases of enteric fever.

Hnd even this death rate was low in comparison with that of other

hospitals. Had it not Wen for this scourge, the medical Ciisual-

ties of the campaign would have been comparatively insignificant.

Let us hope that tlie materials for the study of the fever afforded

by volumes such .is the one before us will lead to the develop-

ment of means for the prevention and ctire of the disease.

"The Stobt of Fish Life." By W. Pycraft. (Newnes.)
Illustrated. Is.—In this little work—a companion to "Bird Life"
—the author endeavours to interest non-scientific readers in

the structure, habits, and evolution of fishes; and, on the whole,

»"o tiiink he may be said to have been fairly successful in

a by no means easy task. Commencing with the earliest kno^^^l

ty|)es of fishes, the reader is shown how there lu^s been a

gnulual modification and advance towards the modern forms;
special interest attaching to the account of the mode in which
the fins of ordinarj- fishes have been derived from primitive
expiinsions, or flanges, running the whole length of the body.
The sentence (p. 10) " that the various kinds of mud with
their peculiar fossils represent different periods of time of great
duration," is, however, calculated to give the beginner a very
erroneous impre.ssion as to the mineral constitution of rocks in

general. Were we disposed to be severely critical we might
also comment on the construction of many of the autnor's sen-
tinces ; and we may add that some of the chapter-headings are
not to our liking, while it is new to us to hear an article of
diet sjioken of as a " familiar little friend " (p. 187). Xeverthe-
hss, Mr. Pycraft has furnished the public with a veiy readable
and interesting "booklet." although his efforts have scarcely
been well backed up by his artist.

"Thk Plav of Man." By Prof. Karl Groos. Translated by
Klizabeth L. Baldwin, with a" preface by Prof. J. Mark Baldwin".
iHeiuemann.)—There is scarcely a page of this book without some
facts, observations, or conclusions of interest to students of human
activities. The book contains an organised account of games
of all kinds, drawn from many sources, and arranged so as to
ushibit their scientific significance. In a volume published
about three years ago, the play of animals was analysed in a
similar way, and the general conclusions arrived at in both
books are the same. The view that play rei)reSBnts an overflow
of energy is shown to be insufficient, and also the other physio-
logical idea, namely, that play merely represents recreation" for
exhausted jiowers. As in the book" on the play of animals
the conclusion seems to be th.it instinct is the "foundation of
pl.iy. The exact position Prof. (Jroos t;ikcs may be understood
from the following explanation. "Play is the agency emploved
to develop crude powers and prepare" them for life's uses, and
from our biological standpoint we can .say from the moment
when the intellectual d»-velopment of a species Ixcomes more
useful in tho straggle for life than the most perfect instinct,
»-ill natural selection favour those individuals m whom the less
elaborated faculties have more chance of being worked out by
practice tmder the protection of pareot*—that is to say, those

individuals that plav. Play depends, then, first of all on the

elaboration of inmiat'ure capacities to full equality with perfected

instinct, and secondlv on the evolution of hereditary (jualities

tj a degree far trans'cending this, to a state of ^adaptability and

versatility surpa-ssing the most perfect instinct." The last part

of the book contains a philosophical examination of plav from

the points of view of physiology, biology, psychology,

aesthetics, sociology, and pedagogy ; and the whole work may

be described as ail interesting history of play with an attempt

to find a reason for play phenomena. The translation reads

fluently and is an excellent piece of work.

"Pb.utic.u, Histology." Bv -J. X. Langley, m.a., d.sc,

r.R.s. (Macmillan.) 6s.—Histology, or the study of the minute

structure of tissues, is a large and difficult subject, and a book

which facilitates the work of students by giving concise and

precise directions for experiments and observations is sure of an

api>reciative public. The book under notice belongs to this

class. The preparation and methods of examination described

are well selected and practical; the directions are sufficient,

and with reasonable care instructive results can be obtained.

The student of biology is, in fact, lead by plain paths to dis-

tinguish the structure, nature and properties of the various

tissues of the animal body. The first chapter is concerned

with the microscope and it"s use, and is followed by chapters

containing directions for simple observation on the blood and

iyinph. Instructions arc then given for staining, mounting, and

other process.'s connectiHl with the i)reparation of sections, after

which follow twentv-eight chapters e;icli containing experiments

and demonstrations" on the differentiated ai.d undifferentiated

cells which are built up into the organs of the body. To the

naturalist who delights in animate nature this resolution of

body substance into its ultimate elements has little interest,

but to the student of physiology it is essential ; and it is to

these students that the volume will prove of service.
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Astronomical.—Several attempts have been made to

ascei-tain the date of the original construction of

Stonchengo from astronomical considerations, but

hitherto the adopted data appear to have lacked the

precision which is necessary in calculations depending

upon the secular variation of the obliquity of the

ecliptic. There is every indication that one use of the

structure was to mark the direction of sunrise at the

summer solstice, and it is evident that if this direction

can be determined the departure from it of the present

point of sunrise will furnish material for an estimation

of the date. In a paper recently communicated to the

Royal Society, Sir Nonnan Lockycr and Mr. F. C.

Penrose give particulars of observations made last year

which have led them to fix the date at about 1680 B.C.

The adopted azimuth of the axis is 49° 34' 18", and
the elevation of the local horizon 35' 30" ; it has

further been supposed that the sun's upper limb was
2' above the horizon when the observations were made,

this estimate being based upon an actual observation

of sunrise made on June 25th. It is notable that

implements which have been discovered since the above

obsei-vations were made also indicate a fairly accordant

date.

The probability that the solar corona consists largely

of particles capable of reflecting the light of the photo-

sphere has been greatly strengthened by the obsei-vations

of the eclipse of last May. The evidence of polarisation

obtained by Mr. Newall has been fully confirmed by

the work of the pai-ty from the Lick Observatoiy, and

the Lick obsei-vers have also established the presence

of Fraunhofer lines in the spectioim of the outer corona

by using instruments of low dispersion. The continuous

spectrum of the inner corona is readily accounted for

by supposing the particles to be incandescent in the

immediate neighbourhood of the photosphere. It there-

fore seems reasonable to suppose that the coronal

streamers consist of finely-divided particles of matter

ejected with great velocity from the siu-face of the

sun. The observations of all the eclipses since 1893

indicate that the part of the corona giving a gaseous

spectrum is relatively very shallow.

Further details given in Lick Observatory Bulletin

No. 10 appear to leave little doubt as t-o the reality of

the enonnous proper motion of four condensations in

the nebula surrounding Nova Persei. The result was
arrived at by comparing a photogi-aph taken on

November 7th with one taken 48 days earlier at the

Yerkes Observatory, from which it appears that the

movement is at the rate of 11' a year, and is certainly

not radial. It is probable tJiat the nebula is intimately

connected with the Nova, and it does not seem unlikely

that a study of their relationships will throw much light

on the origin of new stars.-—A. F.

Botanical.—The function of crystals of calcium

oxalate in plants ia discussed in the current volume of

the Botanical Gazette by Dr. A. Schneider. The com-

monly accepted theory is that these crystals protect the

plant against herbivorous animals, cither in consequence

of an unpalatable taste which they are supposed to im-

part to the herbage, or of mechanical interference. It

IS shown that calcium oxalate is dissolved with difficulty,

being insoluble in water, alcohol, ether, acetic acid,

saliva, and other animal secretions, and is, in these

substances, tasteless. It is therefore inferred that taste

docs not repel animals. Protection by mechanical means

is thought to be improbable from the way in which the

crystals are distributed through plant-tissues. Instead

of being confined to peripheral parts, where their effects

would bo most pronounced, they are often abundant in

tho pith and hcartwood of stems. Kraus in 1891 sug-

gested that calcium oxalate was a resei-ve product, which

would be re^dissolved and again utilised by tho plant.

This, Dr. Schneider believes, is its secondary function,

the primai-y one being that of mechanical support as

exemplified in parts of certain plants where sclereu-

chymatous tissue is replaced by crystal-bearing cells.

In the Indian Forester for October, 1901, Sir Dietrich

Brandis draws attention to two Burmese aromatic woods,

one of which (Cordia frogratifissima) is the som"ce of a

cosmetic and perfume used by Burmese ladies. It has

a brown, vei-y hard hcartwood, which is strongly

aromatic, differing in this respect from that of allied

species, in one of which, however, it is slightly scented.

The other wood is produced by a close ally of Santaluin

album, the sandal-wood tree, but differs in having longer

meduUai-y rays and a dark olive-brown heartwood.

—

S. A. S.

Zoological.—So far as mammals are concerned, the

most important event we have to chronicle is the arrival

at the Duke of Bedford's park, Wobum Abbey, of a

drove of Przewalski's horse (Equiis przewahkii), from

the deserts of Mongolia. Although this species was

described twenty years ago, no specimen has hitherto

reached England, and naturalists have been veiy im-

perfectly acquainted with its affinities, and have had

doubts whether it was really entitled to rank as a

species. In spite of being colts, the specimens at

WobruTL Abbey demonstrate the distinctness of this

most interesting member of the equine famdy, and show
that it is more nearly related to the horse than to the

wild asses, although presenting some resemblance to the

latter. In general appearance the colts are not unlike

New Forest ponies, although their white muzzles give

them a somewhat asinine appeai'ance. They ai'e dun-

colovu-ed, with black points, and show in most cases no

dark stripe down the back. They have, like the horse,

"chestnuts" on all four legs; but the long hairs on

the tail do not commence quite so high up as in that

species.

Dr. A. Nehring, of Berlin, has recently described (in

Globus) the skull of a large fossil camel from Russia,

which he believes to be the ancestor of the living two-

humped Bactrian species. These two species appeal',

indeed, to be natives of Central and Northern Asia, and
are essentially adapted for a cold climate. The one-

humped Arabian camel, on the other hand, seems to

have originated in tropical or subtropical regions.

American naturalists are devoting much attention to

the restoration of tho external bodily form of extinct

animals; and in tho Smithsonian Report for 1900

Mr. F. A. Lucas, of the U. S. National Museum, has

published an interesting paper dealing with the history

of the subject. The attempts at restoration by Cuvi'er

in Paris and Waterhouso Hawkins at the Crystal Palace,
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together with others, are each in turn referred to. The
author then describes in considerable detail modern
American methods of an-iving at an opinion as to what

an extinct animal really looked like when in the flesh.

" While the restoration of extinct animals," he obsci-ves,

"
is subject to some uncertainties, and mistakes of in-

terpretation ai-e likely to occur, these efforts to reproduce

the living forms of past ages ai-e not mere guess-work,

but rest upon a solid foundation of scientific facts and

cai-eful deductions." One great difliculty is that the

skeleton gives no clue to many external peculiarities.

For instarico, wo could not tell from their bony frame-

work that the African rhinoceroses have a smooth skin,

while in the Asiatic species it is thrown into great

folds. In some eases, therefore, it is almost certain

that the restorations cannot be exactly true to nature.

Nevertheless, the work deserves every encouragement,

and cannot fail to add to the popular interest in extinct

animals.

At a recent meeting of the Zoological Society, Mr. O.

Thomas, of the British Museum, gave an account of

the specimens of the " five-horned '•' giraffe brought home
by Sir Harry Johnston from the neighbourhood of

Mount Elgon, in tho Uganda Protectorate. In spite of

the unusually strong development of the horns, these

specimens were referred to tho typical North African

giraffe, which appears to pass gi%idually into the girafife

of South Africa. The Somali giraffe, on the other hand,

of which fine specimens were obtained by Lord Delamere
during his expedition to North-eastern Africa, is a

distinct species, which must bo known as Glraffa
reticuhila. With regard to the two posterior rudi-

mentary horns, to which attention was first directed by
Sir Harry Johnston, it .appears that these exist in all

members of the group. Tliej' seem to correspond to the
laa-ge pair of occipital horns which occur in the extinct

genus Dranuttherium, from Perim Island, Gulf of

Cambay, and may therefore have been much larger in

the giraffe's anccstore.

An important monograph on the structure of the
skull in the egg-laying (mouotreme) mammals, by
Professor J. F. van Bemmelen, appears in the Denk-
schrift of the Jena Society, as one of the contri-

butions to tho results of Dr. Semen's recent expedition.
The material thus obtained has very largely increased
our knowledge of many peculiar types of Australasian
animal life.

American naturalists are turaing their attention with
considerable energy to the animals of the Old Woi-ld ;

Mr. G. S. Miller, in the Pmceedivr/s of the Biological
Society of Washington, having recently described three
new shrews from Asia and one from Switzerland.

Travelling in the Sudan.—We have received from
Captain Stanley S. Flower, tho Director of the Sudan
Wild Animals Department, a copy of a pamphlet
entitled " Notes for Travellers and Sportsmen in the
Sudan." The pamphlet is published " by authority,"
and gives much well-arranged information, which will

be found exceedingly useful to those intending to travel
and shoot in the Sudan. We note, with pleasure, that
the Game Laws have been lately revised, and that the
number of animals and birds protected has been
increased. It is now illegal to kill or capture the
following animals and birds anywhere in the Sudan:—
Chimpanzee, Eland. Giraffe, Rhinoceros, Zebra. Wild
Ass, Ground Ilornbill. Secretaiy Bird, and Shoe-bill

;

while in certain districts the Elephant and Hippo-
potamus are also protected. Many other animals and

birds are protected by limiting the number which may
be captured or shot. But perhaps the most valuable

innovation is tlie creation of a large Game Kescr\'e, in

which only officers of the Eg}'ptian Ai-my and of the

British detachment at Khartoum and officials of tho

Sudan Govorament have the privilege of shooting. This

reserve will thus form practically a sanctuaa-y.

The Rev. H. A. MACPHERSON.
We much regi'ot to have to record the death of the

Rev. H. A. Macpherson, which took plac« at Pitlochi-y

in November last. As a naturalist, and especially as

an ornithologist, Mr. Macpherson was well known. He
was a native of Skye, and was for some years chaplain

of Carlisle Gaol; while in 1897 he was nominated to

the pei-petual curacy of Allonby, and was incumbent
of the Episcopal Church of Pitlochry. During his

residence in Cumberland he published a book in

collaboration with Mr. Duckworth on the birds of that

county, and an important volume on the Fauna of

Lakeland. He was also the author of the " History of

Fowling," while he contributed to the volumes on tho
" Grouse " and the " Partridge " in the Fur and Feather

series, and was well known for his many articles and

notes appearing from time to time in the Ibis, Zoolor/ist,

Field, and other journals. Beyond his literaiy abilities

Mr. Macpherson was an excellent field-naturalist, and his

loss will be keenly felt by all ornithologists.

r'

Mr. Hurarf Monlford's neii' lust of Darwin, made for
ilr. Andrew Carnegie.

A Bust of Darwin.—We are enabled to reproduce a
photograph of one of the two busts of Darwin for

which Mr. Montford, the sculptor of the Shrewsbuiy
statue, has received a commission from Mr. Andrew
Carnegie. The busts are cast in bronze and mounted
on marble pedestals, and the work is based on the

marble bust made by the same sculptor for the late

Lord Farrer. One of the busts will be placed in the
Pittsburg Museum, and the other will go to Skibo Castle.
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Conducted by Harry F. Witherby, f.z.s., u.b.o.xt.

Baer's PocnAiii) {Xi/nicd h<ieri) in Hertfordshire.

—At the meeting of the British Ornithologists' Club,

held on November 20th, 1901, the Hon. N. Charles

Rothschild exhibited a specimen of this Asiatic duck,

which had been shot on the Tring Reservoirs, Hertford-

shire, on November 5th, 1901. This duck had never

before been obtained in the British Islands, and the

only question was whether Mr. Rothschild's specimen

was a ti-iily wild bird or an escape. The specimen had
no appearance of having been in captivity, and Mr.
Rothschild had satisfied himself that it had not escaped

from the Zoological Gardens, where there are four

pinioned birds of this species. The Duke of Bedford
and Mr. J. G. Millais, in reply to enquiries, stated that

they were not aware of any of these birds having been
turned out on artificial waters in this country. So
that the evidence so far points to the fact that Mr.
Rothschild's specimen is a truly wild bird, which doubts

less lost its way and wandered to this country in the

same way that other Asiatic birds have done, e.g.,

MacQueen's Bustard and Radde's Bush Warbler.
Carolina Crake {Por:aiia cnruliun) in Tiree.—At

the same meeting as that referred to above, JSIr. E. Lort.

Phillips exhibited a specimen of the American bird,

the Carolina Crake, which he .had shot in the island

of Tiree, on October 25th, 1901. Two other specimens
of this species liave been recorded as having been
obtained in Great Britain.

Yellow-billed Cuckoo (Corcyzus americanus) in

Somersetshire.—Another American bird, the Yellow-
billed Cuckoo, which has occurred several times before

in the British Isles, was exhibited by Mr. Robert H.
Road. The specimen was obtained at Pylle, near
Shepton Mallet, on October 6th, 1901, by Mr. F.

Dowling. A discussion on these specimens resulted in

the opinion that the birds which visited us from America,
and especially insectivorous species such as the Cuckoo,
were under the suspicion of having received assistance

in crossing the Atlantic bj' resting upon ships. It had
often been observed on Atlantic passages that birds
alighted on the vessel near America and rested in the
rigging until the ship neared the coast of Ireland, when
they flew off to the shore. At the same time it was a
fact that American birds almost invariably visited oiu-

shores in October during the autumnal migi-ation, which
pointed to the conclusion that they had been blown
out of their normal course. With a bird such as the
Crake, with a strong flight and powers of alighting and
resting upon the water, it was possible to understand that
it could accomplish the passage of the Atlantic unaided.

All contn'liutiimK to the ealximv, either in the tray of notes

or photoijriiph.s, should be forwuriieil to Harry F. Witherby,
nt 10, St. Gcntuni.'i Place, Blackheath, Kent.

STUDIES IN THE BRITISH FLORA.

By R. Lloyd Praeger, b.a.

I.—PLANT COLONISTS.

Prior to the time when man in these countries began
to till the ground—say between 2000 and 5000 b.c.—
the face of the land had an aspect very different from
what it bears at present. Long before Neolithic man
introduced the arts of hiLsbandry, and began to choose

pasturage for his flocks and to sow in the ground, in

order that he miglit reap, the land had been completely

colonised by plants which are still our common wild-

flowers, and eveiy nook and corner had its chosen

inhabitants. On the lower grounds, forest trees held

sway, and herds of grazing animals roamed through
extensive woods. In rougher country gi-eat stretches

were occupied by trees of lesser statiire, and deer and
wild boar and wolf found secure retreats among
thickets of Oak, Birch, Holly, and Hawthorn, such

as still occupy stony slopes in hilly districts.

Elsewhere grassy downs extended, and great undrained
marshes—secure home of the crane and bittern—while

in mountain regions alone the scene was very similar to

that which still meets the eye. The vegetation was that

which entered or returned to the coiinti-y at the close

of the Glacial Epoch, and which has held sway, except

when disturbed by man's operations, ever since. At
what period, from what centres, by what means, and in

what order our present flora arrived in the countiy,

and what has been its historv since its arrival, are

questions of deep interest, on which recent reseai-ches

in our latest geological deposits are casting light. To
that subject we may return later ; suffice it for our

present purpose to find, at the period when man's

influence first began to affect the vegetation, the bulk

of our present flora firmly established in the countrv.

When our forefathers commenced to till the ground,

a destruction of the native plant associations was the

result; and this gave an opening for other plants suited

to the new conditions. Annuals could maintain their

hold year by year on the tilled land, where the former

perennial plant^groups could no longer exist. And
clearly those plants whose seeds happened to be mixed
with the grain which the early husbandmen sowed,

would have an excellent opportunity of svu-vival. Thus
we can conceive that the now large and well-marked

group of weeds of cultivation had a very early origin.

Nor is it impossible to conjecture tliat in some cases

plants originally native may have found a congenial

habitat on these prepared grounds, and by degrees for-

saken their old haunts and established themselves mainly

here, and become parasitic, so to speak, not on man, but

on man's operations. Certain it is that we have plants

in oiu- flora, which are presumably original natives, yet

are always or generally found in association with man
(though not of any service to him) in cultivated land

or alx>ut dwellings,* etc. Pot-herbs and simples were

no doubt also of vei-y eai-ly introduction, and. planted

neai" the dwellings, in many cases established them-

selves. In the woodlands and thickets, the influence of

man was probably more slow to make itself felt ; but

the lopping of branches and felling of trees of chosen

sorts for the manufacture of utensils and implements,

and for firewood, must have by degrees effected the

plant associations of the forest; and in later times

wholesale clearing of wooded areas for pui-poses of

•An illustration : 'Wliat would bp tlie distribution of tlio Wall

Euc or Wall Tellitory if man did not use lime mortar for buildiug ?
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husbandry banished the sylvan species, and allowed other

plants to usurp the ground. And all the time, as trade

and intercourse increased, circumstances favoured the

introduction of fresh colonists. The growth of towns
began to have a local effect on the flora ; accumulations
of rubbish of all kinds harboured a motley half-alien

voget.ation. and the fouling of rivers tended to break up
the natural plant associations of the watei-s. The
draining of marsh-lands completely altered the flora of

largo areas; the building of roads and the diverting of

streams played their parts both in extermination and
introduction. The gi'atifying of the a?sthetic perceptions

of the race also by degrees exercised a great influence

on the flora, and with the advance of horticulture exotic

after exotic escaped from the bounds of cultivation and
moro or less pemianently won a place among the native
vegetation. With the growth of modern commerce, and
tho construction of canals and of railroads, an immense
impetus was given to the introduction and dissemination
of all kinds of plants; till, in these last days, we deem
it a matter of but momentan' wonder to find, growing
in company with native foniis. some flower that has
wandered hither from the shores of the Black Sea or

the Baltic, from New Jersey or California.

From this brief history it will be seen that the
vegetation of our islands, as it now presents itself, is

by n-^ means a homogeneous or natural assemblage of

plants. The higher regions of the mountains, the large

lakes, swamps, and bogs still retain their primitive
facies, and there the original flora remains almost un-
molested ; but as we pass from these waste lands to

the inhabited areas, where highly cultivated land is

dotted over with towns and villages, and intersected

with roads, railways, and canals, a gi-eater and greater

number of alien plants put in their appearance, till iu

waste ground adjoining harbours or mills, we may find

a rank flora struggling for existence amid murk and
dust, in which exotic plants, the produce of widely
separated lands, fonu the larger portion of the vegeta^

lion. To take an instance, the flora of Ireland numbers
about 900 undoubtedlj' native species, to which may
be added about 130 others which, though now pemianent
members of the flora, are considered to be possibly or

certainly introduced originally ; and about 200 other
plants liave been found growing spontaneously, which
are certainly exotic, and not established. In other
words, of this total of 1230 plants, 73 per cent, represent
the original vegetation of the country; 10 per cent, we
may generally call plants which came with man and
have now won a place in the pei-manent flora; while
1 7 per cent, represent the waifs and strays brought into
the country by trade, agriculture, and horticulture

;

some of the last will no doubt eventually establish

themselves.

Wo may now consider in greater detail the various
groups of which our immigrant vegetation is composed,
and dip, where it is possible, into the history of a few
of their leading members. If I draw many of my
examples from Ireland, it is because the recent publi-

cation of " Irish Topographical Botany " brings detailed
statistical information concerning the flora up to a later

dato than is available for England.
First we have the group of crop plants—species which

are grown for economic pui-poses, and which may spread
and establish themselves. Some of these are, others
may be, original natives; others again are undoubtedly
exotic. The Lucerne {Mcdicago saliva), for instance, a
native of the eastern Mediterranean, has long been
grown as a fodder plant, and has now established itself

on banks and dry gi-ound in many places. The Comfrcy
(Sy III [ill Ilium (ifflcinah), on the other hand, is un-
doubtedly native in England, but apparently not so in
Scotland or Ireland ; yet has been so widely cultivated

that its range now extends all over Ireland, and well up
into Scotland. The Parsnep {Fai<linaca saliva) in rank
and distribution stands on a very similar footing; it has
been in cultivation since Roman times. The Turnip, in

its various fonns {lirassica Jiapa, Napus campestris)

may be cited as one of the plants whose standing it is

now almost impossible to determine. It has been widely
cultivated for several thousand years, and is so still,

whether as a root crop, for fodder, or for the manu-
facture of rape or colza oil. Which of the many forms
are or were native, and what their distribution was, are
questions which cannot now be answered with any degree
of satisfaction.

From these cropplants we turn to the next gi-oup

—

the many imwelcome species which accompany them iu

tilled gi'ouud, and which we call weeds. The typical

weeds of cultivation are annual plants with small seeds,

and they favour dry soils. Only annual plants (or

species with deep-creeping underground stems like the
Couch-gi-ass) can maintain their position in tilled land,

which each year undergoes a complete turning-over.

Their numerous small hard seeds are well calculated to

receive a wide scattering by wind or other agencies, to

escape the eye of bii'ds and other gleaners, and to

eudiu'e the severities of the winter. Abundantly sown,
they year by year bring forth abundantly. In a field

of com we see these plants at their best. The Poppies
may be original natives, but we certainly never see their

scarlet blossoms in such glorious display as among the
com. The Fumitories belong to the same category. The
Corn-Salads ai'e more open to suspicion, except
V. olitoria, which may be seen far from cultivation; on
the basaltic cliffs of Antrim, it forms a close mat in
spring with the Mossy Saxifrage, mixed with several
species of Hieracia. The White Mustard (Brassica alba),

Wild Radish (Rapliaiim Raphnnistrum), Erysimum
rheiranlhoides, the charming Blue-bottle {Cenlaiirea

Cyaniis), the Corn-cockle {Lychnis Githago), are confined
to cultivated ground, and we assume them to have been
introduced with seed. Many of them can maintain
themselves year by year if only tillage keep the ground
clear of aggi-essive perennials; but others, like Gold-of-

pleasure {Camelina saliva), Saponaria Vaccaria, Silene
dichotoma, etc., though growing luxuriantly when sown
with the crop, do not usually appear the following
season ; perhaps the dampness of our island-winters
destroys the seed of these plants of the European
continent. Of some of these weeds of cultivation, now
abundant, we can approximately date the introduction.
Veronica Burhaumii. a plant with a wide distribution
on the Eurasian continent, appeared in England about
1825, in Ireland prior to 1845; it is now one of the
common weeds of cultivated ground from end to end
of these islands. Veronica pereyrina is an American
plant, now widespread over Europe. It appeared in
Ireland in 1836, and has colonised garden ground over
a lai-ge area of the north-west of the island. Of the
Lesser Broom-rape (Orobanclie minor), we read in 1866
that it has been noticed in two clover-fields in Cork,
for one season only, having been introduced with the
seed ; now it occurs over the whole east and south-east
of Ireland, from Belfast to Bantrj', and in the south-east
is permanently established. So with the Clover Dodder
(Cuscula Trifolii) in Ireland. In 1866 it " has been
observed once or twice in clover fields, but has not
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become established ; its seeds appear to be killed by a

severe winter." It is now natin'aliscd in widely
separated stations, chiefly in sandy soil near the sea,

and is advancing rapidly in some cases into wild ground.
Both of the last^mentioned jilants are widespread
European species, and, as miglit be expected, they
colonised England prior to thuir invasion of Ireland.

To an allied category belong those plants, not indi-

genous, which ai-e of casual introduction. That they were

not inti'oduced with crops is shown by the fact that

tlieir headquarters are not in cultivated land, but in

situations of different and various kinds, and often of

an artificial character. Seeds of these species have come
into the country by one means or other in the course of

trade and commerce, and when they have happened to

fall on suitable ground, they have formed a colony, and
sometimes spread widely. The Lesser Toadflax {TAnaria

minor), a plant of sandy soils, is spread over almost

r^^-

Fio. 1.—Present range of three Irish railway colonists.

: Linaria minor, first observed about 1819.

'.

'.
Diplotaxis murulis, „ „ 1833.

I I

Arenaria tenuifolia, „ in 1897,

the whole of Eiuope, but is not considered native in

the British Islands. In Ireland it was introduced early

in the nineteenth century. Not finding there the sandy
soils which it affects, it invaded the railways, and
spreading along the gravelly ballast, has so increased

that, excepting the northern counties, it now occurs all

over the island. Arenaria tenuifolia has a similar

history, except that it is native in England on light

soils, and was not observed in Ireland till 1897; it is

now known to occur, always on raOway tracks, in

fifteen out of the forty Irish county-divisions. Like the

weeds of cultivation, both of these plants are annuals
with numerous small seeds, which are easily transported.

The most remarkable of recent Irish immigrants is

Matricaria discuidta, a plant like a Chamomile without
ray-florets, and possessing a strong agreeable Chamomile
odour. It is a native of North America. First observed
near Dublin in 1894, it is now spread, often in immense
profusion, on railways, roadsides, and waste ground over
the whole of central Ireland, embracing neai-ly half the
counti-y. This is also an annual, producing a great
quantity of minute seeds.

The most famous of all our colonising exotics is the
Water-Thyme, or Canadian Weed {Elor/ra canadensis),

whoso dramatic history is well known. Unintentionally
introduced from America into Ireland about 1836, and
England about 1841, it spread like wildfire through the
rivers and canals, threatening to choke the water-ways,

and caiTying consternation to the hearts of the local

authorities responsible for water-traffic and drainage. It

has now paused in its wild career, and remains a
perennial member of the flora over a gi-eat portion of

the British Isles. Another American plant, and one
whose status is far more difficult to determine, is the
Rush, Jiinrus tenuis. During the last forty years this

plant has been found in many European counti-ies, and
in these islands in Scotland, Wales, S.W. England, and
West Ii'eland, chiefly on roadsides in uncultivated
districts near the sea. If it is native, it is hard to

credit its being so long undetected ; if introduced, the
difficulties of accounting for its wide distribution in

wild regions, far from centres of dispersal, are equally

staggering. It is, naturally, near the centre of tratle

that foreign immigi-ants most abound. About docks
and railway sidings, flour mills and distilleries, and
ballast heaps, we may gather, sometimes by the score,

waifs from many parts of the world. Many of these

are old acquaintances, loafers in half the seaports of

the land; for instance, Lepidium Draha, Erysimum
orientate, Silene Armeria ; and various species of

Sisymbrium, Malva, Me/i/otus, Xanthium, Echinosjn r-

mum, Bromus, and so on, drawn from various pai-ts of

Europe and America, swell the motley crowd.
The cultivation of pot-herbs and simples, though now

almost fallen into disuse, has bequeathed to us a varied

and extensive legacy of plants of doubtful standing.

The domestic use of many such species in these countries

dates back to the Roman occupation, and in eai'ly

Christian times the spread of monastic establishments
distributed medicinal and culinary herbs all over the

country, for the monks were skilled in leechcraft and
gardening. As in other cases, it is now often difficult

to determine in what instances the plants were derived

from aboriginal stock, and in what cases they were
impoi-ted and have since run wild. The great Leek,

Allium Bahingtonii, is widely distributed among native

plants along the west coast of Ireland, and grows also

in Dorset and Cornwall ; yet there appears a strong

probability that it is a relic of ancient cultivation.

Several other Leeks, and many Mints, have the same
story. The Good King Henry (Chenopodium Bonus-

Henricus), Cai'away (Carum Carui), and Parsley

(PetroseHnum sativum) aie more evidently of cultivated

crigin, still haunting chiefly the vicinity or sites of

dwellings. The noble Elecampane (Inula Uchnium) was
formerly in great repute as a pectoral and stomachic
medicine, as witnessed by the old Latin adage

—

Enula Canipana reddit praeordia saiia.

Its candied rootstock is still used as a sweetmeat. A
few years ago I came across a colony of this plant which
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is interesting as showing its early use, and the per-

sistency of its growth. Inismacdara {the is/fui<l of thi

son of Dam) is a small islet in the Atlantic off the

Conneniara coast, windswept and uninhabited, and

known among archaeologists as the site of a very early

Christian settlement. Here, in the sixth or seventh

centuiy. Saint Sinach MacDaa-a built a tiny oratory, of

which the walls, fonned of cyclopean masonry, and even

portions of the solid stono roof, still remain. That the

little colony had not a very long history appears from the

fact that no trace of ecclesiastical edifices of later date

exists; but tliat the ruins were respected, and that no

house or garden at any subsequent time occupied the

site, may be assumed from the reverence in which the

memoi-y of the saint, his church, and stone cross are

stilL held—not to mention the remoteness and desolate

inhospitablcness of the place. Visiting the spot a few

years ago. a colony of the Elecampane was observed hard

by the church, where, no doubt, the saint had his modest
kitchen-garden. Even allowing the establishment to

have existed for three or four centuries, a clear thousand

years is left during which this plant has maintained its

existence. As instances of other cultivated medicinal

herbs now widely distributed among the native flora

may bo mentioned the Horee Radish (Voclileiirin

Armoracia), Gout^weed {^gopodium Pudagraria),

Alexanders (Smyrnium Olusatrum), Sweet Cicely

(Myrrhis odorata), and Dwarf Elder or Dane's-blood

{Samhucus Ebulus).

In the same section of the flora we may place a few
non-indigenous fruit-ti-ees, now widely spread—the Wild
Plum {I'ritnun dumestica), Bullace (/'. insitifia), and
Dwarf Chen-y (/'. Ceramtf) ; likewise many species of

Willow. The Willows have long been planted by river

sides, for the pm"pose of basket-making and as a pro-

tection to the banks, and as they are naturally riverside

species, much difiiculty now arises in discriminating
between indigenous and introduced forms.

Lastly, a long list might be compiled of plants which
have been introduced into our gardens, shnibberies or

lawns for ornamental purposes, and have effected a more
or less permanent lodgment beyond the bounds of culti-

vation. The Wall-flower {Cheiratithus Gheiri), Yellow
Fumitory {Corydalis lutea), Red Valer-ian {Centranthm
ruber), and several species of Stouecrop have escaped to

walls and rocks, which they brighten with an abundance
of brilliant blossoms; all ai-e natives of Europe, but
none of Britain. Among sluubs, several of the
St. Johns-worts, notably the large-flowered U . cdhjcinum,
a native of S.E. Europe, may be quoted as examples.
A remarkable case is that of the Yellow Monkey-flower
(Mimulus guttafux). a North American native, which has
not only spread widely along river-sides, but shows a
preference for invading quite wild ground, ascending
the streams to their soiuces among the hills, and ousting
the rank native vegetation of the swamps at the river-

mouths. The Winter Heliotrope {Petaxite^ frayrans), an
Italian epecies, is a relentless invader, before whom most
of our woodland plants are as powerless as the Britons
before the armour-clad phalanx of Rome. With
perennial creeping rootstock and dense foliage which
chokes off every other plant, it advances steadily,
entirely usurping the ground. And as the fleshiness of
its un;Urgrouiid stems ensures for it a prolonged vit.ality,

it colonises every garden rubbish-heap in which a scrap
of its stems occur. Thus it has attained a wide distri-
bution - in Ireland it is recorded from 34 out of the 40
divisions. Steller's Wormwood {Artemisia Stelleriana),
a native of distant Kamtachatka, cultivated in gardens

on account of its pretty felty grey foliage, has spread

to wild sand-dunes on the coasts of the United States,

Sweden, and Ireland, among such purely natural sur-

roundings that it has been claimed as a native by
botanists of high repute.

Summing up all that has been said, we see how com-

posite a thing our present-day flora is, and how many
difficulties the student of geographical botany has to

contend with in endeavouring to trace the history of

the vegetation of the country. A weed may jjcrhaps

bo defined as a flower in the wrong place; but in Nature

there are no wrong places. Let tillage cease on any

portion of the earth's sui-face, Nature takes it in hand

;

and through more or less rapid progi-essive changes of

flora, the land is occupied by the plants best fitted to

hold it, and the natural eciuilibrium restored. And
while our beautiful aboriginal vegetation has for all

scientific minds a surpassing interest, not less interesting

is the strangely heterogeneous collection of plants that

stand ranged about the works of man. The native flora

speaks to us of pre-historic times, and links the present

with the past ; our " weeds," using the tenn in a wide

sense, aa-e full of human interest, and furnish indeed a

floral history of mankind, telling us of his migrations,

his early civilisation, his arts and crafts, and his trade-

routes by land and sea.

COLLECTING AND PREPARING FORAMINI-
FERA.

By A. Earland.

The Foraminifera, in spite of their beauty, the im-

portant part which they have played in the building

up of oiu" earth, and the many interesting features of

their life-history, have not met with so much favour

among microscopista as many gioups of far less im-

portance. This comparative neglect is largely due to

mistaken ideas as to the difficulty of obtaining and

prepai-ing suitable material, and it is proposed to show,

so far as possible within the limits of a brief paper,

that the collection of material is vrithin the reach of

every visitor to the seaside, and that the subsequent

prepai-ation presents no unusual difficulty to the

microscopist.

The chief sources from which Foraminifera may be

obtained are :
—

1.—Dredged material, including anchor muds and
sands.

2.-—Shore gatherings made between tide marks.
3.—Sands, clays and limestones of various geological

ages, especially from Cretaceous and Tertiary

deposits.

Probably vei-y few readers of Knowledge will have

the opportunity of dredging for material, and anchor

muds, which often contain an abundance of shallow

water forms, are rarely obtainable, owing to the strange

reluctance of seamen to lend themselves to the collection

of scientific material, but the method of preparation for

materials of this class is essentially the same as that

for shore gatherings.

The apparatus required by the shore collector is of

the simplest character, and consists of a scraper for re-

moving the surface film of sand, which alone contains

Foraminifera, a spoon for scraping material from ripple

marks and depressions, and a metal box or canvas bag
to contain the gathering. The best scraper ia a thin

plate of celloidin. such as a " Freua " film, as the

thinness and flexibility of this material enable the

collector to make his scraping with less admixture of
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sand than is possible with the glass or metal slip usually

rocomnicndcd for use.

Thus equipped, the collector sallies forth between the

tides. Probably everyone has noticed when at the scar

sido the white lines which nin along the sands, parallel

with the retreating tide. A pocket lens shows that the

white material consists of the minute shells of

Foraminifera, of which some arc of a lustrous white

colour, duo to the comparative abundance of the

Miliolida:—a family of common occurrence in shore

gatherings, characterised by opaque shells of a milky

white or " Porce/lanous " texture, while others ai-e more
or less glassy and transparent. These " Hyaline " forms are

much less noticeable to the naked eye. They are mixed
in vai-ying proportions with fragments of shell substance,

Ostracode shells, cinders and the lighter drhris of the

shore, and their presence in these lines is duo to the

separating action of the water, which on a smaller scale

we shall later on employ in the cleaning of our collected

material. The rocking action of the wave on the

extreme edge of the ebbing tide keeps these shells and
fragments of light specific gravity in suspension until

after the heavier sand grains have subsided, and so they

are left behind in the ripple marks and depressions of

the sand. Sometimes a local eddy of the tide, produced
by the neighbourhood of a projecting rock, or of groynes

and piere, causes the material to be gathered together in

largo quantities, which show as extensive white patches

on the sand, and prove a real gold mine to the collector,

who will then obtain more material in half an hour than
he could gather in several days from the ripple marks.

The collector must not conclude that there are no
Foraminifera present because there are no white patches

to bo seen, but remembering the way in which these

patches are fomied of the lighter debris of the shore,

must look for Foraminifera wherever he obsei-ves that

such debris has been deposited.

On every coast, at intervals of varying distance, there

are spots which appear to be the foci of the local tides

and currents, and here the material will be found in

the gi-eatest abundance. These points will soon be
discovered and may be worked at every tide ; but they
vai'y continually with the set of the tide and wind, so

that a spot which has proved rich may be quite bai'e

the next year. Thus in October, 1896, I found Bognor

—

always a rich collecting gi'ound—had its richest point to

the west of the pier; while in September, 1901, there

was very little material obtainable except at Felpham,
two miles to the east, where the beach was thick with
debris.

Having found the material the collection is quite an
easy matter. With the celluloid scraper at an angle of

about 60° the thin surface film of Foraminifera and
debris is easily scraped into a heap and transferred to

the box or bag. Great cai-e must be exercised not to
dig down into the sand, for nothing but a heavy bag
will result from this, the Foraminifera being confined
to the surface layer. The material thus collected may
bo either cleaned at once, or after being slowly dried

—

avoiding great heat—may be packed away in bottles for

a more convenient period.

The apparatus required for the cleaning and prepara-
tion of the dried material is simple and inexpensive,
and, if desired, much of it may be easily improvised.
The most necessary articles are a photographic develop-
ing dish of china, quarter or half plate size, according
to fancy, sieves of difi'ercnt sizes and materials according
to the collector's pocket, a cylindrical glass jar with a
lip and without any neck or constriction at the top.

and a retort stand or tripod made of an iron ring

rivotted on three logs.

The sieves can be made by any copper-smith, and it

is very convenient to have a series of varying degrees

of coarseness; but for the beginner two sieves of 40

and 120 meshes to the inch respectively will be sufficient.

My own sieves are of copper, 4 inches high, 4 inches

diameter at top, sloping to 3 inches diameter at the

bottom. A smaller size made of telescope tubing H
inches in diameter and 1 inch deep is very useful for

washing small gatherings. Zinc, which is cheaper than

copper, can be used for the sieves.

The wire gauze, which can be obtained from any

large ironmonger, vaines in price according to the

number of meshes to the inch, ranging from a few

pence per square foot to four shillings for the finest

obtainable, which has 120 meshes to the inch, the

diameter of each aperture being about jJ-^ inch. If a

finer sieve than this is required, as it sometimes may
be, the size of the aperture may be reduced by silver-

plating the gauze, or preferably by the use of silk bolting

cloth, which may be obtained up to 200 meshes to the

inch. The wire gauze must be strained tightly over

the sieve and soldered neatly to the edge, so that there

is no ledge of solder inside to retain unwashed material.

If silk is iised, a sieve must be made without a bottom
and having a tui'ued-back edge at the lower end, so that

the silk may be strained across and secured with string

or a rubber band. The most useful sizes for a series

of sieves are, in my opinion, 12, 20, 40, 80, 120 and
] 50 (silk) meshes to the inch.

Before cleaning the material it must be slowly and
thoroughly dried. It should then be passed through
the 12-mesh sieve to remove all the coarse debris, stopes,

shells, cinders, etc. None of the British shore species

except parasitic fomis will be found in this coarse

residuum, but it should be looked over with a pocket
lens for these or for abnormally large specimens. In
some dredged materials and in tropical gatherings, how-
ever, this coarse residiuim will be found to be full of

Foraminifera.

The material which has passed through the 12-mesh
sieve consists of Foraminifera mixed with other light

debris and a considerable quantity of sand, and the

collector must now proceed to eliminate the whole, or

nearly the whole, of the sand and as much as possible

of the other debris by means of two operations, " float-

ing " and " rocking." If the quantity of material to

be operated upon is small, it may be treated off-hand,

but if there is much, it is well to sift it out into vaiying
degrees of fineness, by passing it through a series of

sieves. This will simplify the floating operations by
ensuring that the particles are approximately of

similar weight.

The floating operations must be performed at a sink,

and, if possible, in daylight, the process being more
uncertain by artificial light. The finest sieve (120 wire
or 150 silk) is thoroughly wetted and rested on tho
ti-ipod. The glass jar is then filled with water nearlv

to the brim, and a few spoonfuls of sand slowly poured
into it. If the material is coarse the sand sinks instantly,

and in tlie course of a few seconds most of the Forar
minifera follow suit. By holding the jar to the light

the course of the falling particles can be followed, and
at the proper moment a sudden tilt empties the whole
of the water and most of the Foraminifera into the
sieve, the sand and a few of the heaviest " Forams " being
left in the jar. The purity of the material in the sieve,

which is usually called " floatings," will depend upon
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tho skill and judgment of the operator, and is largely a

matter of practice. The residuum in the jar must bo

washed out into a basin for further treatment, and
tlio operation repeated with more sand and water until

the whole of the gathering has been treated. The time
allowed for subsidence will vai-y with the fineness of

tho sand, so that in the case of the finest siftings, nearly

a minute may be required. The actual time can only

be determined by watching the falling material in a

strong light.

In tho case of very fine sand the tension of the surface

film of water is so great that the sand giains float almost
as readily as the Foraminifcra. This difficulty may be
overcome by shaking up the contents of the jar, covering
up the top with one's hand while so doing.

{To be continued.)

(See Note headed "Practical" hehir.)

Conducted by M. I.Cro§§
Retkosi'ECTIve.—The year Ulnl did not witness any startling

development in connection with the microscope, but it was one
in which a steady progress was shown in nearlyevery department.

It witnessed the introduction of several new stands principally

for students' use, two-speed fine adjustment devices, the increase

in number and variety, and, above all, in the aplanatism of sub-

stage condensers and the substitution of actual working data for

appro.ximation in the case of tube lengths and cones of
illumination.

In processes there were many new formula recorded, and
judging from the number of articles which appeared on the
subject, the science of micro-metallurgy is rapitUy advancing.
In the domain of preventive medicine, the best points of tlie

microscope are becoming more fully appreciated and worked to

greater advantage, and results are becoming increasingly

reliable.

In literature the fresh edition of Carpenter on the Microscope
was a feature of importance, and the paper read by Mr. J. W.
Gordon before the Royal Microscopical Society in controversion
of the Abbe theory of microscopic vision is still fresh in the
memory.
On the whole, microscopists can congratulate themselves on

the work done in the past year.

Cooi>Ki:.\Tiox.—So much of the progress in microscopy in

recent years has been attributable to the work of a few
individuals that it has almost been lost sight of that the rank
and file can and should do their share.

It is eminently desirable that a column of this kind should
be made the medium for conveying the thought, research and
observation of microscopists generally. The subject is so

many-sided that it is impossible for any one individual to

present it in its various aspects, and it is for those who catch
glimpses and side lights that others do not notice, to add
interest and increase knowledge by communicating their

observations. There is scarcely a microscopist possessing
enthusiasm, or who works ihoughtfully, who has not found
some little device of his own designing useful to him, or some
process which has enabled him to produce more atisfactory
results than by stereotyped means. Readers of these notes
would always appreciate a short description of such methods,
and by the communication of such ideas increased perfection
would be attained.

Pit.vcTir Ai..—If microscopists generally can but be induced to
become practical workers, that is, to prepare and mount their
own slides, an increased interest and wider knowledge would be

the result. Tho difficulty invariably is that suitable material

cannot be procured ; as an instance of this, I may mention that

in the April number I offered to send a correspondent a small

supply of Polcystina, and later mentioned that a supply was at

the disposal of others. The applications that I received for

samples indicated that there are numerous readers willing and
anxious to mount their own specimens. Yet another in.stance ; I

have a letter from a correspondent, from which the following is

an extract :
—

" I hoped during the past summer to have been able to collect

some specimens of Mycctozoa, but have not found one. What
I want to suggest is that those collectors of such fungi who live

in districts where they are found abundantly, should distribute

their findings to those who are not so fortunate, by way of

e.vehange, or for my own ))art I would willingly reimburse any

expense in sending, as I should much value even a small

collection. There must be many who have neither time nor

opportunity of collecting who would gladly avail themselves of

such an arrangement."
With these facts in view, it is proposed during the next few

months, as far as possible, to offer material for readers to mount
themselves and to give lucid instructions for doing the work.

In this number Jlr. A. Earland contributes the first portion

of an article on " Collecting and Preparing Foraminifera,'' and
with the February number we shall hope to offer gratis to

readers a supply of different kinds of material so that each may
for himself practise the methods set forth.

I shall be very glad to hear from readers who are willing to

help in th^s scheme, and who may be able to contribute notes

from their own store of experience, or material for distribution.

I am glad also to be able to say that the experimental offer

made in the last number to send a substage condenser for

examination has received appreciation, and that manufacturers

have arranged to co-operate so that the offer may be renewed on

future occasions when other apparatus is reviewed.

NOTES AND QUERIES.

Her. A. II. M.—It is certainly advisable to use colour sensitive

plates for photo-micrography. I cannot recommend any special

brand, but you would find Cadet Spectrum, Ilford Chromatic or

Edward's Isochromatic quite satisfactory. Colour filters are also

of very great importance, but you could readily learn their

value from any work on photo-micrography. The photograph

you send is a very good one of starch granules, especially con-

sidering it is the first attempt. You will find it necessary

with a view to getting true images to use a larger aperture

than you have in this instance, your condenser was evidently

very much stopped down.
E. A.—No ordinarj" gas lamp is really satisfactory for critical

micro work : still a very useful and simple pattern is employed in

laboratories, and can be obtained for a nominal sum. It consists

essentially of an u])right rod attached to a round base, upon this

rod a horizontal supporting bracket slides vertically and is fixed

by a clamp screw. The horizontal arm carries an Argand
burner and a chimney. I believe this can be obtained from Mr.
A. H. Beard, of Lothian Street, Edinburgh, with a blue chimney.

I know of no suitable acetylene lamp. Alternatively, the

Welsbach mantle and burner can be used, of which you will

obtain particulars from the Microscopical Notes in the May, 190 1,

number of IvNoWLEncK.
//. J. II.—The only maker I can trace who supplies an

objective adjustable from 2"—4" is W. Wray, of Laurel House,
Highgate. I think you would get what you required from him.

<T. W. B.—From the description you give you could not do
better than have one of the Cathcart's pattern Microtomes ; the

diificulty you experience with the small hand section cutter

would be satisfactorily overcome with this.

Reiiili'i- '/" Kiitjirlcdi/e."—I am sorry to say I cannot identify

the specimen you send, nor can I trace in any book the name of
" Paludicella." I am not aware of any book being published

dealing with Growths in Water-pipes.

Acarina.—The state of things that you describe in connection

with your furniture is very disagreeable, but no serious conse-

quence is to be apprehended so far as the wood work is

concerned, from the acarus you have sent. This is the Book
or Museum Mite

—

Che;/leliix eruil/tas. I should be disposed to

think that these live and multiply in the upholstering of the

furniture. Shreds of sea-weed have been known to be substi-
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tutcd for hair in the stiifTiiitj of chairs, etc., and such material

woulil form a good hreeding ground for creatures of this

deBcrijjtion. They require a certain amount of dampness to

propagate.

Commutilcations and enquiries on Microscopical matters are

cordially invited, and should be addressed to M. I. Cross,

Knowledge Office, 326, High Ilolhorn, W.C.

NOTES ON COMETS AND METEORS.

By W. F. Denning, f.r.a.s.

Periodical Comets Due in 1902.—The returns of two comets

of sliort jieriod may be expected during the year. Swift's comet

of 1895 whicli was computed to have a period of 7^ years is due

in the autumn, but the conditions will be less favourable than

in 1895. and it is probable that this object will escape rcdetection.

TenipelSwifl's comet will return to perihelion in November,

and is likely to be successfully observed a,s in 1869, 1880, and
1891. Its period is as nearly as possible 5J years, and the

circumstances favour its visibility at every alternate return

occurring at intervals of 11 years" In 1869 perihelion occurred

on November 18, in 1880 on November 8, and in 1891 on
November 14. On these occasions its apparent path in the

heavens was nearly the same, and the comet will run a nearly

similar course during the autumn and winter of 1902.

Swift'.s Comet, 1899, I.—Definite orbit-elements have been

rompnted by Mr. 0. J. Merfield, of S.vdney [Ast. Nach. 3747-8).

The comet was first seen on March 3, 1899. and 605 observations

for position were obtained between March 4 and August 10.

The following are the elements deduced :
—

T = 1899, April 12, 978010 G. M. T.

0) = %" 41' 46--18" \

!} = 21" 59' 59-93" [ 1900.

i = 146" 15' 30-29" )

log. q = 9-5139795.

log. c = 0-0001521.

e = 1 0003503.

Perrine'.s Comet, 1897, I.—The orbit of this object has been

investigated by Dr. J. Moller, who finds from observations

between November 2, 1896, and April 29, 1897, that its path
was decidedly hyperbolic. There appears, indeed, to have been
only one other comet, observed in 1889, which exhibits this

exceptional form of orbit in a more striking manner.
The Leonid Shower or 1901.—The nights of November 14

and 15 were generally clear in this country, though fog pre-

vailed in some places. The meteors were attentively watched
for, but only a moderate number seen. At short intervals

a Leonid would shoot swiftly from the direction of " the Sickle,"

but nothing in the form of a brilliant shower was witnessed.

At certain distant places observers appear to have been more
successful according to some telegraphic reports pubUshed in

the newspapers. Quite an active exhibition of Leonids was in

fact recorded at a number of stations. The information comes
from New York that on the early morning of November 15

a great shower was witnessed on board a steamer from New
Orleans. On the morning of November 15 at the Leander-
McCormick observatory of the University of Virginia, Va. , Mr.
C. P. Oliver, watching the sky from 4h. 50m. a.m. to daylight,

saw 84 Leonids, the average being one per minute in spite

of adverse atmospheric conditions. On the morning of November
16 at Phcenix, Ariz., a meteoric shower of great brilliancy was
noted. It continued for half an hour during which it supplied

200 meteors. Just before daylight on November 16, at Los
Angelos, Cal., the faU of Leonids was quite marked. One
observer counted 385 meteors between 4 and 5 a.m., but the
total number seen was estimated at over a thousand. From
these and other reports it appears certain that the recent display

was much richer than in 1899 or 1901, and the inference is

that the tail end of the stream has not been disturbed to the
same extent as the denser region. This leads to the hope
that many Leonids will be visible in November, 1902, but un-
fortunately there will be a full moon to mar the spectacle.

Fireball of November 10, 6h. 45m,—Scottish observers have
supplied descriptions of a very briUiant meteor. At Crieff it

was seen in the south-east " descending rapidly, and bursting
into a number of rocket-like stars." At Aberdeen one observer
says it flashed across the S.W. sky and lit up the earth like

a search-light. Another observer there says that it was half
the apparent diameter of the moon, and so Bright as to be quite
dazzling, and almost like a new sun. It crossed the sky from
the region of a Pegasi to Altair. At Newtouhill it is

described as crossing the heavens from E. to W., at about

40 degrees above the horizon, and making an angle of 20 degrees

with it. In colour it appeared like a quantity of burning mag-
nesium, and for the space of three seconds the country seemed
as though lit by numbers of arc lamps. At Ulairgowrie it

emitted an intensely bright white light, and at Ellon, N.B.,

it was seen to burst out in Pegasus, and to travel in a direction

to the S.W. From these and other accounts it appears that

til.' nu-teor was a fine Taurid falling from a heiglit of 64 to 55

miles from over the North Sea to Dunning, Perth. Length
of path 73 miles, and velocity about 24 miles per second.

FiRKiiALL OF NovKMiiER 13, 6n. 53m.—Another magnificent

nuteor was seen in Scotland at this time, but only three de-

scriptions have come to hand. Mr. A. C. Allen, of Keswick,

says it passed to the right of a Ccphei and S Cygni, and to

the left of 7 Lyrae, and continued it.^ (light some distance

further. The meteor left a nebulous cloud near y Lyrae for

about li minute, moving slowly to S.W. , and curving into

a cre.scent shape. The nucleus was accompanied throughout its

course by a halo of about 45 degrees diameter. At Stair

the meteor was estimated to have a breadth half the

diameter of the full moon, and it broke into two pieces. It

fell at any angle of 45 degrees from S.E. to S.W., and lit up
the sky like a flash of lightning. " It only lasted 4 or 5 seconds."

At Fife the meteor was exceedingly bright, of a greeni.sh white

colour, and it left a luminous streak for 4 or 5 seconds. It passed

from about the centre of the square of Pegasus to a. and /3

Capricorni. The radiant point was in Auriga probably at

87° + 34", and the height of the meteor was from about 90 to 52 miles

from over the Cheviot Hills 12 miles E. of Langholm to the Irish

Sea in longitude 5° 47' W., and latitude 53° 38' N. Path

about 165 miles and velocity about 33 miles per second.

THE FACE OF THE SKY FOR JANUARY.
By W. Shackleton, f.e.a.s.

The Sun.—On the 1st the sun rises at 8.8 a.m., and
sets 3.59 P.M. ; on the 31st he rises at 7.43 a.m., and sets

at 4.44 P.M. The earth is at its least distance from the

sun at 7 a.m. on the 1st; the apparent diameter of the

sun then being at its ma.Kiinum, 3'2' 35"-16
; the horizontal

parallax is then 8''-95, also a maximum.
Few sunspots are to be expected.

The Moon:—
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planet seta three Lours in the rear of the sun, but has

a more northerly declination of about 10°. The planet

is at the stationary point on the 2i!nd, after which date

her motion will be retrograde or westerly.

Mftrs is not well placed for observation, setting a little

more than an houi' after the sun. Towards the end of

the month the planet will appear in proximity to

Mercury, the two planets being in conjunction with each

other on the 23rd; Mercury being 25' to the south.

Jupiter and Saturn are invisible, both being in con-

junction with the sun during the month, the latter on
the 9th, the foniier on the 15th.

Uranus is only visible shortly before sunrise, and
being very low is not suitable for obsei-vation.

Neptune continues to be favourably situated during
this month. He crosses the meridian at 11.13 p.m. on
the 1st. and at 9.2 p.m. on the 31st. The planet is in

the most westerly part' of Gemini, but its retrograde

motion brings it into Taurus at the close of the month.
The nearest brijjht stars are still ij and 1 Goiuinorum, a

continuation of the t^able given last month will enable
it to be picked up readily when the telescope has been
pointed to the two stars named above.

Dmt*.
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By

No. 2.

C. D. Loeock and J. K. Miieineikaii.

Black (!1).

Wbitk (U).

White mates in four moves.

After a dose and exciting contest, the Solution Tourna-

ment, which has been in progress since last January, has

come to an end. Last month's problems had the effect

of reducing the number of ties to a minimum, the result

being that Messrs. W. Jay and C. Johnston tie for the

first and second prizes, while Messrs. A. C. Challenger and
G. W. Middleton obtain the equal third and fourth

prizes. While congratulating these expert solvers on

their well-deserved success, we must also condole with

Mr. Challenger on losing his chance of the first prize at the

last moment, the same applying to Messrs Dennis, Groom,
Luckock, and W. H. S. M., in regard to the other prizes.

We have also to thank the many solvers who, after losing

points at an early stage, continued to do their best, and
have in many cases achieved prominent places.

The following is the order of the first sixteen :

—

1. \ A^'t 1^' i z?o r tie for first and second prizes.
( C. Johnston, 68 \

'

3. \ n w^^T^i^Tf
• S \- equal third and fourth prizes.

( G. W. Middleton, 67 ) ^ '

- J F. Dennis, 66.
^-

I S. G. Luckock. 66.

„ ( J. Baddeley, 65.
'•

I G. Groom, 65.

f J. E. Broadbeut, 64.
^-

\ G. W., 64.

( H. Le Jevme, 63.

11. J W. H. S. M., 63.

( W. Nash, 63.

14. Vivien H. Macmeikan, G2.

15. W. de P. Crousaz, 61.

16. C. C. Massey, 59.

We hope that all the above, and many others, will

compete in the Solution Tourney which commences in the

May number, and will continue to the end of the year.

An attempt will be made to decide the tie for first and

second places by means of the four-move problem printed

above, and the three-move problem sent by post to Messrs.

Jay and Johnston. The conditions for both problems will

be the same, viz. :

—

Every correct l;ey, 3 points, 2 points

being deducted for every incorrect claim. In the event of

further equality, it is suggested that the prizes should be

divided. The award will remain open for one month.

Meanwhile, perhaps Messrs. Challenger and Middleton

will let us know at what date they would prefer their six

numbers of Knowledge to commence.

THREE-MOVE PROBLEM TOURNEY.

1»< Prize, One-and-a-Half Guineas ; '2nd Prize, Fifteen
ShiUiiKjs ; 2rd Prize, " Knotvledge," free for \2 mont'lis.

The Conditions are as follows :

—

1. Each competitor may send not more t)mn one three-mOTC unconditional
ditect-mate problem (diat^rammed).

2. Competinff pouitionH must be original and unpublished.
3. Each problem must be accompanied by a motto and full solution with

a sealed envelope containing the composer's name and address.
*. Competing positions must reach Mr. C. D. Loeock, Netherneld,

Ciimberley, England, on or before April 10th, 190i.

.5. The Chess Editor reserves the right of excluding manifestly impossible,
nnsound, or inferior positions.

fi. The adjudication will be partly by folvers ard partly by the Chess
Editor.

All solvers who solve correctly every problem will bo
entitled to vote on their merits. The six or eight
problems thus selected will then be adjudicated on by the
Chess Editor, whose decision will be final.

A Solution Totjrnet will commence at the same time.

Pull particulars will be given next month ; in the mean-
time it may be stated that the winner will hold for 12
months a Silver Challenge Trophy, which will become his

property should he win it three years in succession, or four
years altogether. Second and Third Prizes will also bo
given.

CHESS INTELLIGENCE.

A Devon and Cornwall Chess Tournament is announced
to take place at Plymouth during the second week in

January. Entries, with entrance fee, 10s. 6d., should be
sent to the Chess-Editor, Western Morning News, on or

before December 28.

It is with the greatest regret that we have to announce
the death of the Rev. John Owen, for forty years Vicar of

Hooton, Cheshire. Mr. Owen was a member of the St.

George's and Liverpool Chess Clubs, and, more recently,

of the British Chess Club. For something like half-a-

century he was one of the very strongest players in

England, and to the end he never lost his skill. Mr.
Owen was a frequent competitor in the meetings of the

Counties' Chess Association, and took part in the Inter-

national Tournaments held at Bradford in 1888, and
Manchester in 1890. But in spite of his numerous
successes Mr. Owen will perhaps chiefly be remembered
for the match which, playing under the name of " Alter,"

he lost, receiving the odds of Pawn and move, to Paul
Morphy in 1858. Mr. Owen invariably played the " close

game," both as first and second player, his speciality being

the Queen's Fianchetto defence. He delighted in crowded
positions, and yet his games were seldom dull, few players

being more brilliant when the opportunity arose.
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ACROSS RUSSIAN LAPLAND IN SEARCH OF
BIRDS.

By Harry F. Withehuy, f.z.s., m.b.o.u.

I.—VARDOE AND THE WHITE SEA.
There are some people, one might almost term them
a fraternity, for whora a wild and desolate land has
a strange fascination. A barren and forsaken spot, the
very aspect of which casts a gloom over the ordinary
mortal, is for them a jiaradise. There they are thrilled

with joy, an overwhelming feeling of freedom takes
possession of them, and a desire to race over the countiy
and explore it to the horizon seizes upon them like a
mania. For stich tho regions to the north of the arctic
circle have many attractions, and when once tho wealth
of wildness and solitude to be found there have been
tasted by one infected with this craze then ever after-
wards the North Pole will draw him as surely as it
attracts the needle of a compass.

Oniithologists, and English ornithologists especially,
whether worshippers of solitude or nob. seem to be
particularly devoted to those northern regions where
in summer the sun reigns supreme. The northern parts
of Norway, Lapland, and Siberia have been so thoroughly

explored by them that it was only after a long search

that my friend Mr. A. E. Hamertou and myself could

fix on a route in those regions which had not been
visited by somo brother craftsman. We agreed at length
to jouniey to Archangel by sea, and then proceeding
to the southern end of the Kola peninsula or Kussiau
Lapland to walk across to the Arctic Ocean along the

route taken by Messrs. Edward Rae and H. P. Brandreth.*

As far as we could discover this country had not been
traversed by any other Englishmen, and although
Russian ornithologists had worked there in the winter

when the snow makes travelling easy, very little was
known of the birds inhabiting the interior of the penin-

sula in Slimmer.

Starting from homo early in June, 1899, and crossing

the North Sea. whose vinkindly nature is well known
to all who visit Norway, we soon arrived at Christiania.

An eighteen hoiu's' railway journey thence brought us to

Trondhjem where we embarked on the good ship " Sigurd

Jai'l " bound for Vardoe. It> was a pleasant voyage

in and out amongst the islands, and through rocky

channels where the snow-capped hills rise sheer out

of the sea. We passed the Lofoden Islands, devoted

to fisheries, and Tromsoe, and arrived at Haminerfest.

where the streets were still coated with ice and bordered
with heaps of dirty snow.

From Ilammerfest a few hours of rough water round
the North Cape brought vis to Vardoe. Here we learnt

that the "oldest inhabitant" could not remember so

late a season, and that the Russian boat that was to

take us to Archangel had not yet broken through tho
ice in the White Sea.

However, a few days in Vardoe were well spent. Tho
town and the small isla.nd upon which it stands aro

entirely given up to cod fish. Vardoe is built along

the edge of its harbour, and the harbour is fringed

with small quays, which aro at all times scenes of the
greatest activity, day and night in this latitude being
scarcely distinguishable. Open boats, shaped exactly

like the old viking ships, rowed or sailed by hardy
Norsemen, aro continually coming into the harbour laden
with cod and red mullet, while others are going out
to the fishing groumls away in the Arctic Ocean, often

A Boat-load o£ Cod on the liuay at V'ardoe.

10 or 15 miles from land. The quays are always full

of fish, which are hauled up from the boats in baskets

* See " The White Sea Peninsula," by Edward Rae, f.e.0.8.

(Murray), 1881.
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by means of ropes coiled round large wheels. On the

quays men, women, and children are hard at. work

sorting, gutting, and salting fish, extracting the liver

oil, tying the fish in pairs tail to tail, threading the

cods' heads on lines, baiting the hooks and coiling the

lines into baskets ready for the fishermen. The fish

and the heads aro hung up to dry on laths fixed to

poles all over the island, whilst discarded fish and those

dropped accidentally lie about everywhere on the quays

and in the streets and are eaten with avidity by cats,

goats, and cows. Yet for all this wealth of fish you

cannot get a fresh cod t-o eat, as they are all salted and

dried and sent to Russia and Spain, while the heads

aro dried and used for manure. But so pure and
fresh is the air that, notwithstanding all the mass of

coniiption on the island, there is very little smell, and
even the decomposing cods' heads scarcely taint the

fresh northern breezes.

The diying grounds proved most interesting to us,

especially where there hung rows and rows of heads,

as the maggots in these attracted numbers of birds.

Snow buntingsf in their beautiful velvety black and
snow white summer plumage were numerous, while
elegant shore larks.J with their handsome black ear

tuft.s, evidently found the cods' heads good hunting

A Quay at V.anloe with C'.kU' HcaiU in Miiiig*.

grounds, and their pretty little songs testified to their

contentedness. Then in the marshy ground under the
diying fijih we found Tcmminck stints,§ which rose

fluttering into the air calling rapidly tzi-tzi-tzi. Round
the coast on the searwa.shed rocks were purple sand-
pipers;] in all the glory of their summer sheen. In the
sea were numex-ous eider ducks. •[ the drakes in black
and white and sea/-gi-een, cooing like stock doves, and
flirting with their sombre colom-ed mates. Black
guillemots** were in swarms, and their soft mellow
whistles floated peacefully over the cold water, while
gulls of many sorts flew backwards and forwards over-
iiead. On the mainland, which we visited one day,
or was it night, we found still more birds. The country
was white with snow, but here and there on patches
of gi-ceu where the snow had melted, and on the shore
wo found the birds. Dotterels,!! with all their well-

t Pleclrojyhenax nivalis. % Oiocori/s alpestris.

§ Tringa temmincl-i. ]' Tringa striata.

•" Somateria mollissima. •* I'ria gri/lle.

tt Eiidromias morinellus.

known silliness, allowed us to approach within a few

yards, but sanderlings^^ and little stints.§§ in their

rich brown breeding plumage, were more wary. Lap-

laud buntings|j!j were building their nests on the dryest

parts available of the wet ground uncovered by snow,

and the male birds often rose into the air singing, like

pipits, on the wing, soft little piping songs. Then we

saw three Arctic skuas,*'fi those robber gulls which

chase their hard-working cousins, and, making them

disgorge their honestly earned prey, swoop down and

catch it ere it reaches the siu-face of the water. As
is well known these birds vary greatly in colouring from

sooty black all over to greyish white on the under

parts. Of the three we saw two were dark and one

light. We approached them, and while one bird flew

away the other two swooped down near to us several

times, and then settled on the ground at some distance,

and spreading out their wings, quivered them and

uttered a plaintive meauw. Knowing by this that they

must have eggs, we seai'ched about, and on a strip of

ground from which the wind had swept the snow, we
found a small hollow lined with moss and lichen, and

containing two dark brown eggs. The third bird,

which had flown away, we noticed was being chased

and buffeted continually by the other two, and we could

not understand what was his share in this domestic

scene. Some weeks afterwards in Lapland I found a

similar trio, and managed to shoot the third bird, which

in this case also ajipeared to be "one too many," and was
continually chased and ill used by the other two. My
shot only winged it, and the bird was floating down
to the ground when the other two meanly attacked it

and knocked it over, so that it fell in the middle of

a very soft bog. The bog apj^eared to be of an un-

fathomable depth, but I was determined to get the bird

and clear up the mystery, so I took off my coat and in

a couple of hours managed by gieat exertions to pull

up by the roots eight fair sized birch trees and build

a bridge over the bog to the bird. It was a dark
coloured specimen, but the rufous edgings to many
of the feathers on the back proved it to be an immature
bird evidently hatched the year before. So that pre-

sumably in two cases a pair of adult birds was attended

by a single yovmgster whose presence evidently inter-

fered with domestic bliss.

From Vardoe we journeyed on by a small coasting

steamer to a place called Petschena;a, where we were

to meet the Archangel boat. The Arctic Sea was
wonderfully calm, and we were delighted to see

some way from land a flock of those charming
little birds the red-necked phalaropes,*** floating

like corks upon the water. They were as tame
as farmyard chickens, and were so buoyant that on
alighting on the water they appeared scarcely to touch
it, and the sea was so still and glassy that one might
have thought they were resting upon ice rather than
water. At Petschenga the snow was waist deep and
vei-y soft, so that we found we could not explore the
counti'y far. We got along well on the top of the

snow for some distance, when suddenly the crust gave
way and we were floundering about up to our annuits
in wet and clinging snow. Near the water, however,
there were places bare of snow, but verj- wet. These
spots were full of bii'ds, several of which were building

nests, seeming determined to take full advantage of the

*+ Calidris arenaria. §§ Tringa mintita.

\\ II
Calcarius Japponicus. TT Stercorarius (^repidatus,

*** Phalaropus hyperhoreus.
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short northern summer. We watched a pair of little stints,

those tiny snipe-liko birds, love-making with twitterings,

and fluttering of wings within a few yards of us, while

the male red-throated pipitsftt were singing en-

couragingly to their mates who were hard at work
building nests on little mounds raised above the general

slush.

Whea at length we boarded the Russian cargo boat

which was to take us to Archangel we found our fellow

passenj;er3 were mostly rough unkempt Russian peasants,

with tawny beards and long hair. They were clothed in

long sheepskin coats, high black boots, and round fur

caps, and they appealed very hardy but vei-y dirty.

The steamer stopped evei-y few houi-s at the small fishing

stations along the Murman coast to land a few stores,

and to take on bo.ird barrels of fisli. bundles of porpoise

skins, and otlier fishy cargo. The landing and ship-

pin"; of this cargo, which was done by small boats, in-

variably caused an immense excitement. Each boat tried

its best to get to tlie side of the steamer first, and the

gesticulations, shouts, curses, and general hubbub raised

by the process might well have been products of the

fiery south or east rather than of the grave and solemn
north. We were glad when all the villages were past,

and we left the coast and entered the White Sea.

We went to sleep that night in high hopes that on
waking we should be iieai-ing Archangel. But when we
awoke the steamer was laid to in a. thick fog. In a
few houi-s the fog lifted, and revealed a sea covered

with ice— white and dazzling— as far as the eye could

ECO. A man was sent aloft, but no channel could be

found so we slowly skirted the sea of ice. But almost
before we could take in the scene, the merciless fog

dropped down again like a curtain and shut out eveiy-

thing from sight. For five days we lay surrounded
by ice and fog, scarcely moving at all. At first the
captain, hoping for the best, pushed his boat into the

ice, and for hours we struggled with the floes. The
steamer was sharp in the bows and had twin screws,

both bad faults for an ice boat. The bows when
driven into a floe got janibed. and the boat had to be
backed out, while the screws, being quite unprotected,
were in continual danger of being broken by a collision

with the ice, which was verj' thick and often reached
far below the keel of the ship. Consequently men had
to be stationed fore and aft with long fir poles to push
off the floes, while the cajitain ran from side to side of

the bridge signalling every moment to the engineers
to stop one screw or the other as it was in danger
of fouling the ice. The crew worked like slaves for

hours, but the only result of their labours was to fix

the ship more firmly than ever in the ice. Then the
fog lifted for a brief half-hour and showed us to bo
in an uncomfortable position which might result in the
ship being nipped. By dint of hard w-ork she was
turned round, and a day of toil brought us once moro
out of the ice. The captain had been twenty-foui- hours
on the bridge working hard in a freezing fog, and the
crew were worn out, so for the next few days we hove
to and waited. The monotony was broken only by
the melancholy screech of syrens, for there were
fourteen other boats round about us, all waiting for
the fog to cleai- and the ice to shift. A little excite-
ment was caused one day when, judging by the quality
of the food, we appeared to be running short of pro-
visions, and on another when we were told that our
coal was giving out. How^ever, a few broad hints to

t+t Anthut cervinut.

the stewai-d brought forth better food, and a begging
tour to the neighbouring ships resulted in one coming
alongside and filling our bunkers with coal.

At last the fog lifted, and making a bold move our
bright little captain turned his boat round and steamed
right back to the coast. The set of the tide had mado
a broad lane of clear water between the land and the ice,

and down this we steamed full speed ahead, slowing uj)

now and then to thread our way through some detached
floes or to force a passage through a narrow belt of

ice. Before the tide changed and brought down the
ice again to the shore we were through, and steaming
gaily for Archangel. While we raced the tide with
cheerful hearts our c\-es were treated to the most glorious

spectacle. The fog had completely cleared, and the
sky was cloudless. For an hour—between eleven o'clock

and midnight—tho sun just skirted the horizon as

though uncertain whether to go below or not. The
heat went out of it. and its brilliancy faded, but the
effect of its combined setting and rising was exquisite.

The horizon shone like gold, and stretching from it lay

the snow-covered ice, blushed with a delicate pink, and
with here and there on its surface a pool shining like

an emerald, while at our feet the dark, deep blue of

the open water served as a strong and fitting contrast
to the delicious delicacy of colouring beyond. As tho
sun rose higher the colours faded and we went below
cold but happy. While wc slept we crossed the arctic

circle once more, and when we awoke some hours
later the air was balmy, and tho delicious scent of pines
drifted through the cabin port hole. We were in the
delta of the Dwina, and steering up one of its narrow
channels we soon arrived at Solombala, the port of Arch-
angel.

VEGETABLE MIMICRY AND
HOMOMORPHISM.-I.

By Rev. Alex. S. Wilson, m.a., b.sc.

Besides the family likeness and similarity of structure

characteristic of closely allied organisms, other resem-
blances included under the terms Mimicry and
Homomoi-phism, are observed among living things which
cannot be referred to a common ancestiy since they are
presented by plants and animals whose affinities are
more or less remote. If the resemblance confers any
benefit on either species it is spoken of as a case of

Mimicry, but if it results from the operation of general
laws and is not directly advantageous, the likeness is

described as Homomorphic. It is not always possible

to draw a sharp line between the two, and homomor-
phism not improbably represents one stage in the
development of mimetic species.

Both kinds of resemblance are common in the animal
kingdom. The most perfect examples of mimicry occur
among butterflies, particularly among the Pieridae of

South America, where it was first observed by Mr. Bates.

Most members of this family resemble the ordinary
cabbage-butterfly, but it includes species of LeptaJis,

which imitate the Heliconidae in the shape and bright
parti-coloured markings of their wings. The latter have
a nauseous taste and aic not molested by birds. So
exact is the imitation that even experienced entomolo-
gists have been deceived. In the Malayan Archipelago
Mr. A. R. Wallace found species of l'c/j)i/in mimicking
certain other families which have an offensive odour
and are, like the Ileliconidas, distasteful to birds.

The curious walking-leaves and stick insects belong to

the Phasmidae, a family allied to the locusts and grass-
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hoppers. To such a degree has the imitation been

carried in Ccroxylus that the insect looks ex.aetly like a

twig overgrown with moss. By reason of its resemblance

Fig. 1.—Mimicrv in Butterflies. 1. Leptalia Type,
mimicking. 3. Itliomia, model.

2. Lcptalis

to a bee the fly Valucella can enter the hive and leave

its eggs without exciting the suspicions of the bees.

Certain clear-winged moths are also liable to be mis-

taken for bees and hornets.

Protective colouring is very common in the plumage
of birds, a green woodpecker, for instance, is not easily

distinguished amid the surrounding moss and foliage.

Cuckoos are often mistaken for hawks, which they much
resemble both in appearance and flight. Dun-coloured,
tawny, striped and spotted animals are difficult to

detect amid their nativj haunts. The fur of a number
like the ai'ctic hare and fox becomes white in winter,

harmonizing with the snow-covered gi'ound. Most of

the autumnal Lepidoptera are brown or golden, while
the winter species usually assume a grey or silvery garb.

Snails and caterpillars are familiar instances of pro-

tective colouring, but this mode of concealment is so

general throughout the animal kingdom that it is

unnecessai'y to multiply examples.
Animal Homomorphism is illustrated by the Polyzoa,

which outwardly resemble the Hydroid Polypes and
corals, though they belong to a different sub-kingdom.
Amphibians like Caecilin assume a worm-like aspect,

and armoured creatures such as the tortoise, armadillo,
ganoid fishes and crustaceans present analogous forms.
Many of the smaller crustaceans take on a resemblance
to various families of insects ; some butterflies and
moths in general appearance come vei-y near the
humming birds. The porcupine is a rodent, the hedge-
hog one of the Insectivora, their relationship is not so

close as one might imagine from their exteraal
appearance. Among the Marsupials of Australia forms
occur closely con-esponding to members of other ordei-s

inhabiting other regions. The resemblances of the
shrew to the common mouse, of the bat to a bird, and
of the whale and dolphin to a fish are examples of
homomorphism which will occur to every reader.

Similar habits, if these may be included under
homomoi-phism, are sometihies possessed by animals not
closely related. The exceptional habit of the cuckoo is

shared by several North American birds belonging to a
widely different family. Mr. Darwin mentions species

of Molthrux allied to the starlings which resemble the

cuckoo in building no nest of their own and in laying

their eggs in the nests of other birds. A similar habit

appears in the cuckoo-bees. There is also the case of the

cuckoo-flies, which live as inciuilines in the galls of other

insects. The ventriloquism or intentional imitation of

the mocking bird also might almost be viewed as a case

of homomorphism.
The vital phenomena of plants and animals are so

near akin that it would be strange if we did not meet
with con-esponding facts in the vegetable kingdom.
Mimicry is perhaps more frequent in the seed than in

any other part of the vegetable organism ; it occurs,

however, in other organs, and even the entire plant body
may assume a deceptive appearance. A well-known

example is the white dead nettle, which so closely

resembles the stinging nettle in size and in the shape

and arrangement of its leaves. In systematic position

the two plants are widely removed from each other, but
thev gi'ow in similar situations and are easily mistaken;

anyone who has occasion to collect quantities of Lamium
is almost sure to get his hands stung by Urtica, an
experience calculated to convince one of the efficacy of

protective resemblance. Among animals it is species

provided with formidable weapons of defence that are

most frequently mimicked by weak defenceless creatures.

Fia. 2.—Urtiea and L;

The stinging nettle is therefore a very likely model for

unprotected plants to copy.

A somewhat analogous case is the yellow bugle of

the Riviera, which has its leaves crowded and divided

into three linear lobes, some of which are again divided.

In this the plant differs very greatly from its allies ; it

has, however, acquired a very striking resemblance to a
species of Etiphtjrbiti, abundant on the Riviera. The
acrid juice of the Euphorbias secures them immunity
against a host of enemies. As the two plants gi-ow

together there is little room to doubt that, like the dead
nettle, the bugle profits by its likeness to its well pro-

tected neighbour.

The rare heath Menziesia cneruJea. thought to be pro-

tected by its marked resemblance to the CrowbeiTy
[Empetrum nigrum), has also been adduced as a probable
case of mimicry.
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Mr. A. R. Wallace iu Tropical Xatiire reiers to the

stone mesemlirydnthemum at the Cape described by
Dr. Biirchell, wiiich closely resembles in form and colour

the stones among which it grows; on this account, its

discoverer believes the juicy little plant generally

escapes the notice of cattle and wild herbivorous

animals. Mr. J. P. Manscl Weale mentions that in

Kaioo mauv plants have tuberous roots above the soil

resembling stones so perfectly that it is almost impossible

to distinguish them. Tlie tubers of the potato itself in

its native home may perhaps be protected in this w'ay.

The last'Hientioned observer has also noted a labiate

plant, Ajutja ophn/dln, in South Africa which bears a

strong resemblance to an orchid. As this is the only

species of bugle in the district Mr. Wallace thinks tho
flower profits by the mimicry and succeeds in attracting

the insects required for its fertilisation. A species of

balsam at the Cape has also acquired an orchid-like

aspect. At least one phanerogam bears a lichen-like

aspect; TiU(in<hi(t V^nenidex, one of the pine-apple

family, grows on trees in tropical America and has a
resemblance to a shaggy lichen so marked that ib is

generally mistAken for a plant of that order. The fly

agaric, our most conspicuously coloured fungus, accord-

ing to Dr. Plowright, is closely imitated by a parasitic

flowering plant Balanophora vnlucrata, the scarlet cap,

the dotted warts, the white stem and volva being all

accurately represented.

THE HISTORY OF FAHRENHEIT'S
THERMOMETER.

By Sir Samuel Wilks, m.d., i.l.d., f.e.s.

The origin of Fahrenheit's thermometer and the meaning
of the scale are not to be found in any work on natural
philosophy or chemistry with which I am acquaiuted. aud
all the professors whom I have met have expressed like

ignorance. Although the instrument aj>pears inexplicable

and unwieldy, there is great interest attached to its

history, when we learn that it was really invented l)y Sir
Isaac Newton, and that the starting point of his scale was
the heat of the human body.

Newtou's paper is to be found in the Philoaophical
Transactions for the year 1701. He describes his instru-

ment as a glass tube filled with linseed oil, aud to it he
attached a scale to measure the degree of heat of the
li(|uid into which he plunged it. His lowest point was
that of freezing, as his highest was that of boiling water.
He chose for the starting point on his scale the heat of the
human body, and this he called by the round number \2.

the iluodecimal system being then in use ; that is, he
divided the space between the freezing point and the
temperature of the body iuto twelve parts. He further
stated that the boiling point would be about 30, as it was
nearly three times that of the human body (see Fig. 1).

A few years afterwards, when Fahrenheit was workin"
at the subject of heat, he took Newton's instruments for
his experiments, l)ut, finding the scale not minute enouLrh,
he divided each degree into two parts, and so made it

measure 24 instead of 12. He also did more, for finding
he could obtain lowc temperatures than freezing, and
notably that of ice and salt mixed together, he took this
for his starting point. It was from this point he bescan
to count 24 degrees up to body heat. This made, by his
measurements, 8 the point for freezing. Boiling point he
made 53. It then became zero, freezing 8, bodv heat 24,
and boiling water 53. This was really the same as
Newton's, only the scale started lower and the numbers
were doubled (see Fig. 2).

Later on, finding that he could measure increments of

heat more minutely, Fahrenheit divided each degree into

four parts. It will now be seen that if the numbers just

NEWTON 5

Boihng 30°(about)

-- 12. " Body

3- Freezing

Fahrenheits

Boiling Si"

24° Body

8° Freezing

Zero

Boili.ng CI2*

-36° Body

-32° Freezing

Zero

Fig I Fig 2 FiG 3

mentioned are multiplied by four we have the thermometer
which is now in use. Beginning with zero, freezing
becomes 32, the body heat 96, and boiling point 212.
This is the scale which Fahrenheit made, and the reasons
for his doing so. It is the one which has been in use
ever since {see Fig 3).

Of late years, when more accurate readings were required,
each degree was divided into ten. This brings the decimal
system into a scale which was before wholly duodecimal.
It may be stated that Newton was aware that blood heat
was higher than that which he obtained by placing the
thermometer under the arm to measure the body heat.

SILK AND ITS PRODUCERS.
By R. Lydekker.

Whereas wool, fur, and hair are exclusively the pro-
ducts of a single class of vertebrato animals, namely,
the mammalia, silk is as exclusively a product of in-

vertebrate creatures. In place, however, of being pro-
duced by one single class, it is yielded in a workable
foiTU by certain membei-s of at least three distinct
classes of the lower animals, namely, the lepidopterous
insects, the spiders, and the bivalve molluscs. A<>
present, however, it is only the product of the cater-
pillars of a comparatively few species of moths that is

of any real commercial importance.
Unfortunately the manufacture of raw silk into the

finished article is one of those industries which have
to a gi-eat extent passed out of the hands of the British
workman into those of his foreign rivals ; and the
Spitalfields hand-loom weaver is almost as extinct as
the dodo, while the liband-mills of Coventi-y have
largely been superseded by cycle-manufactories.

According to an article which appeared a few years
ago in Ciinimerrial Intelligence, it seems that during
1898 the imports into Great Britain of manufactured
silken goods amounted to over twenty millions in value,
while the imports of raw silk were only about one million.
Inclusive of the necessary labour, the value of this



30 KNOWLEDGE [Fbbruaby, 1902.

import-ed raw material when worked up into silk goods
would probably not be more than between two and
three millions; and it would thus appear that out of

a total consumption of some twenty-two or twenty-three
millions sterling worth of manufactured silk only a very
small fraction is made at home.
The British silk industiy has, indeed, been gradually

languishing and diminishing for a period of something
over sixty yeaJ^s—practically during the whole of the
Victorian era. In 1838, according to the same source

of information, when the population of the British Isles

was onl)' twenty-five millions, the annual consumption
of home-made hand-loom woven silken goods was
equivalent to eight shillings and sixpence per head.

In 1898, on the other hand, when the population was
reckoned at about thirty-eight millions, the consumption
of silk goods manufactured abroad was equivalent to
ten shillings and sixpence per head, while that of British-

made silk reached only a miserable eighteenpence per
head.

It is not that hand-woven British goods are inferior

in quality and wearing power to the foreign articles

by which they have been so largely supplanted. Quite
the contrary. And now that raw silk is exported from
India, China, and Japan in much better condition for

manufacture and at a lower price than in 1838, there
seems no reason why it should not pay to work it up in

this countiy.

Although the caterpillai-s of many species of moths
niake silken cocoons for the protection of their chrysar
lids, and the cocoons of several of these are used to sup-
ply commercial silk, the great bulk of the supply is

r Horded by the caterpillar of the silk-moth, the so-called
" silk-wonn." Curiously enough, the silk-moth is a
purely domesticated animal, whose wild ancestor is now
unknown. Even the real home of this insect is not
definitely ascertained, some authorities believing
northern China to be the original habitat of Biiiiilnjr

won', as the species is technically called, while others
think that Bengal has a stronger claim to the honour.
Be this as it may, the species has been domesticated
for an immense period in China, some say since about
1640 B.C.; it was introduced into Constantinople in
the sixth century of our era. whence it was can-ied into
France in the year 1494. It is now distributed over
a large portion of the globe ; and as a consequence of
such a wide range and such a long period of domesti-
cation it has altered considerably from the parent form,
and has likewise developed several local modifications.
Evidence of its alteration from the parent form (what-
ever that may be) is afforded by the aborted condition
of the wings of the adult moth, which arc so weak as
to render the insect incapable of flight. By some it

has been said that if the moths be reai-ed in the open
air in perfect freedom they will recover the power of
flight in the course of a few generations, but since it is

also stated that the caterpillars when turned out on trees
are helpless, this requires confirmation. Variation is

shown by the fact that in one breed the cocoon is yellow
while in another it is white; and this, coupled with
other variations, has led some authorities to believe
that the domesticated form is derived from more than
one wild species. This view has, however, not met with
general accept-ation.

The silk is found within the body of the caterpillar
in a pair of glands of somewhat complex structure, and
is there in a viscid condition. The ducts of the two
glands unite into one common channel, so that their
products are united before emission into a single thread.

which in the last part of the apparatus is coated with

a kind of waterproof varnish. As " silkworms," pro-

bably owing to the artificial conditions under which

they arc reared and in-and-in breeding, are subject

to many diseases, especially about the period of pupa-

tion, attempts have been made to convert the viscous

matter in the bodies of the caterpillars into silk by
artificial means. But although the secretion can be

drawn out into threads of considerable fineness, it

resembles catgut rather than silk, and has no power

of resisting the effects of water. A still more bold

attempt has been made, namely, to obtain silk direct

from the mulberry leaves on which the silkworm feeds

;

but this, as might have been expected, resulted in com-

plete failui-e, many of the workings in nature's organic

laboratories being too subtle for imitation by any of

the means at man's disposal. It may be added that

although silk of good quality is produced by silkworms

reared in Britain, the thread is so short as to render

it of little or no commercial value.

The best and most valuable silk is yielded by the

white cocoons ; but of these there are two descriptions,

known in the trade as first and second w^hite. The
yellow cocoons, which ai-e the most numerous, are

divided into three classes according to size; the small

and medium-sized cocoons being of higher value than

the larger ones. The cocoons of other breeds vary in

colour from greenish white to pure or reddish gi'een ;

while there exists a Tuscan breed of silkworm which
produces pale rose-coloured cocoons, and purple cocoons

have also been reported. The breed yielding white

cocoons, known in France as sina, appears to have

been produced from the yellow-cocoon breed by careful

selection, since a certain percentage of yellow cocoons

always appears among the white ones. By the exercise

of great care the percentage of yellow cocoons, which
fonnerly had been much largei', was reduced many
years ago in France to a very few per thousand.

The silk-moth is the typical representative of a

family of moths (Bomhycidce), characterised by the

absence of a proboscis, and the presence of one internal

nei-vui'e on the hind-wing. A second family of silk-

producing moths—the SaturniidcE—diflFer from the

Bomhycidce by the presence of two or three nei-vures

in the hind-wing. Among these are some of the largest

of all moths ; and the majority of them are characterised

by the presence of a clear transparent spot or " window
''

in the centre of each wing ; the transparency being,

of course, due to the absence on these areas of tha

minute scales which cover the remainder of the wings.

Hence they may convenientl)' be called window-moths.
The use of this veiy peculiar type of marking is at

present quite unknown, but it is probably of some con-

siderable importance in the economy of these insects.

In Japan the great silk producer is a lai'ge yellow

window-moth, measuring nearly seven inches across the
wings, known as the yama-mai {Attacus yamamai). the
caterpillar of which feeds on oak-leaves. It produces
large green cocoons yielding an excellent silk, second
only in quality to that of the silk-moth. For a long
time the exportation of this insect was forbidden, but
eggs from time to time found their way to Europe, where
attempts were made to acclimatize such a valuable
species. All these attempts were, however, attended by
failure. Although the cocoons are bright gi'een, the
silk in their interior is of a silvery white.

Another species which it has been attempted to intro-

duce into France is the Manchm-ian window-moth
{Attacus perryi), whose caterpillar likewise feeds upon
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the oak. Cocoons were first sent to Lyons, from wliich

moths were in due coui-se hatched out, and shown at

the Paris Exhibition of 1855. The silk has some of

tlio properties of wool and cotton, as well as of ordinai-y

silk, and thus approximates to the Tusscr (or Tusseh)

silk of India, a nanic which is commercially applied to

tho produce of many of the window-moths. Of the

true Indian Tusser moth (A. inijlitta). which is found

both in lower Bengal and the Punjab, the silk is perhaps

even more valuable than that of the species last named.

Tho silk is so coai-se and knotty that it has to be

carded instead of wound, and from it are made
the well-known khaki-coloured tusser fabrics that

are almost indestructible with fair usage. An excellent

account of this moth and its silk is given by Mr. Cotes

in an ai-ticle on the " Wild Silk Insects of India,'' pub-

lished in Iiidinu iluxeum Xote$ for 1891, where mention
is also made of other kinds of silk-producing species.

Among these latter is the Atlas moth (.1. atltix), which
is one of the largest in the group. Its catei-})illar is

pale olive-green and lavender in colour, with a con-

spicuous D-shaped scarlet mark on either side of the

hinder end. Like those of other members of the group
it is armed with a number of spine-like warts.

The species that has perhaps attracted the largest

amount of attention is, however, the ailauthus moth
(.4. rynfhia). which is a native of Japan, where the
catcq^illar feeds on the ailanthus, or false Japanese
vai^nish-tree. The wings of this handsome moth are

ornamented by a conspicuous white line, externally to

which is another band of rose ; each wing also having
a irescentic spot. This fine species was introduced
into France in 1857 or 1858, where it has since been
acclimatized, its food-plant flourishing well in that
country. At first the cocoons could be made to yield

by carding nothing more valuable than short-fibred floss-

silk, but subsequently means were devised of obtaining
long threads of an excellent description of silk. The
ailanthus moth is found in China as well as in Japan.
In India it is replaced by the closely allied castor-oil

moth {A. ricini), which yields a silk of very similar
ch.aracter. By some writers this species is regarded
only as a variety of the last. Dai-win, in his " Animals
and Plants under Domestication,' states, for instance,

that " tho Arrindy silk moth (as it is often called) intro-

duced from Bengal, and the Ailanthus moth from
tho temperate province of Shan Tung, in China, belong
to the same species, as we may infer from the identity
in the caterpillar, cocoon, and mature states; yet they
differ much in constitution ; the Indian form ' will

flourish only in warm latitudes,' the other is quite hardy
and withstands cold and rain.'' Apart from its tender
constitution, the difliculty of cultivating the castor-oil

plant, even in the south of France, offers an obstacle
to the permanent acclimatization in Europe of the firsts

named form.

Omitting mention of certain other silk-yielding cater-
pillars, a few lines may be devoted to the subject of
spider-silk. The gossamer-like nature of this delicate
substance is familiar to all; and in fineness and tenuity
the threads far suqjass ordinary silk. From time to
time more or less successful attempts have been made
to utilize this substance; and recently a manufactory
has been established in France where the ropes for
military balloons arc made from spider-silk. The factoi-y
is situated at Chalais-Meudon, near Paris. The spidei-s
which supply the silk are arranged in dozens above
a revolving reel, upon which the threads arc wound

;

each spider furnishing from thirty to forty yards of

thread. After the removal by careful washing of tho

reddish sticky out«r layer, the threads are twisted into

a yai-n, which, although considerably more expensive,

is both lighter and stronger than a cord of cateiiiillar

silk of the same calibre. One of the chief difficulties

connected with the manufacture is the feeding of tho

spiders.

The third and last description of silk used for manu-
facture is afforded by the byssii^, or mooring-rope of the

great mussel-like bivalve commonly known by its Italian

name j/iiiiiti, a word which properly denotes the fin of

a fish, but is applied to the shell on account of its fin-

like shape. The pinna, which grows to a length of two

feet or more, is a semi-translucent shell shaped like an

isosceles triangle ; the byssus issuing on one side from

between the two valves a short distance from the apex.

This byssus consists of a silk so fine in quality as to

produce a most delicate fabric when worked up. Al-

though the supply of this pinna silk is too limited to

be of any commercial importance, it has from time

immemoi-ial been manufactured into small articles of

dress, such as gloves, stockings, and caps, at Taranto.

Originally these were reserved for imperial or royal

use, and at the present day are made rather as objects

of cui'iosity than of use ; the manufactured silk is of

a delicate hair-brown coloin-. For some reason or other

the pinnarsilk is mixed with about oue-tliird its bulk of

ordinary silk previous to being woven. Some years ago tho

price asked for a pair of pinna-silk gloves at Taranto

was six lire, while eleven lire were demanded for a pair

of stockings. Specimens both of the byssus and of the

manufactured silk are exhibited in the Natural History

Museum at South Kensington.
In addition to its importance as the chief silk-pro-

ducer of the world, the silk-worm also yields the finer

descriptions of the substance known by the not vei-y

elegant title of " catgut." To obtain the catgut, or
'' gut," the silkworms must, however, be killed just

before they commence cocoon-spinning, so that silk and
gut cannot be obtained from the same individuals. Con-
sequently the finer descriptions of gut, such as that

used by th& fly-fisher, arc expensive.

The great manufactory of fine gut at the present day
is situated on the island of Plocida, in the Bay of

Naples, where, however, only a small proportion of the

silkworms uecessai^y for the manufacture are raised, the

great bulk of these caterpillai's being obtained from
Torre dell Annunziata and other towns in the neighbour-
hood, where there are large silkworm-breeding establish-

ments.

According to an account published a few years ago,

the process of manufacture of " fili di seta " (" silk-

threads ") as the gut is locally termed, is as follows:—
The silkworm is selected when fully matured, that is

to say, at the moment when its nourishment ceases,

and just before its metamorphosis. It is then cut open,

great care being taken not to injure the membrane
of the silk-glands there, which usually reach the length

of thirteen to twenty mms., with a diameter of one and a
half to two mms. ; these are then removed, and put into

a pickle, which is the keynote of the whole pro-

cess, and the secret of which is carefully kept.

When the pickling process is over, the work-
people, who are mostly women, take one end
of the gland in their teeth and draw the other end
with their hands. This part of the work reqviires great

dexterity, for the threads are drawn out to the length

of from thirty to fifty ems., and the whole value of the
product depends upon its length in i-elation to its thick'
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ness, and tlie strain it will carry. There arc two seasons

for the production, namely, in spring, when the best

gilt is produced, and in autumn, when the quality is

inferior. There is an important market for this

speciality, and the whole production is exported to

Northern Italy and abroad at the average price of

one hundred and fifty lire per kilo. The gut is of vei-y

small specific gravity, so that a great deal of it goes to a
kilo. The cost of production is also considerable, since

the silk-worms must be bought just at the moment when
they are coming into profit for making silk, that is to say,

when they are at their dearest. Again, the results

ai-e frequently disappointing, many of the catei-pillars

being found, on dissection, unsuitable, so that they have
to be rejected.

• —
THE USE OF HAND TELESCOPES IN

ASTRONOMY.
By Cecil Jackson.

My object in writing these papers is to demonstrate the

usefulness of hand telescopes even for astronomical work.

Quite small pocket telescopes will do much interesting

work ; they are to the astronomical observer what the
hand magnifier is to the microscopist. The instrument
should, however, magnify not less than about ten
diameters.

With such an instrument all the principal craters in

the moon may be seen. The sunspots can also be
observed, if cai-e bo taken to protect the eye from injury
by using a dark glass. Should no dark glass be used,

the sun must only be observed when largely obscured
by fog. The disc of the planet Jupiter can be seen with
a pocket telescope.

For the observing of planets it is sometimes desirable
to remove one of the four lenses of the eye-piece. The
lens next but one to the eye-end of the telescope is

the one to be removed. The instrument is then to be
used with the other lenses in their usual positions.
After the removal of the lens, the magnifying power of

the telescope will be found to be considerably increased,
but only the centre of the now restricted field of view
will be available for distinct vision.

A good way of holding a small glass is to grasp it

between the fingers of either hand like a penholder,
and then to rest the hand on some upright support..

Steady yourself with the other hand after adjusting the
telescope to your eyesight. In adjusting the eye-end
for clear vision, do not push the draw-tube straight in,

but twist it with a spiral motion. A very good way
of holding a telescope quite steadily is to aiTange the
two sashes of a window, one just "so much above the
other that the telescope, when resting on them, is in-
clined at the proper angle for viewing any object you
may wish to look at through the open^wiudow.

I.—THE MOON.
I shall suppose the observer to -commence with the

moon, and I shall now describe some of the objects
visible on its surfa.co, with the help of a three-draw
telescope having a l|-incli object glass and a magnifying
power of from 25 to 35 diameters. A goodl.l-inch
telescope will bear a power of about 60 diameters", and
a 2-incli land telescope a power of about 80 diameters.

Fig. 1 shows the moon when 3] days old at about
8h. 12m. p.m., June 27, 1892.
The largest craters shown in this sketch can, however,

be seen with a smaller telescope if looked for closely'
and the glass fixed or held quite steadily. A "is

Langi-enus; B, Vendelinus; C, Petavius; D, E, moun-

tains on the north and south boundaries of the Sea of

Conllicts (Mare Crisium). These mountains may be seen

as two lines of light projecting beyond the crescent

moon.
Fig. 2 represents the moon at about 4h. 8m. p.m.,

Jan. 12, 1894. Moon's age, about 5d. 13h.

A—Thcophilus, Cyrillus, and Catharine. This fine

group of craters may bo well seen with a H-inch
telescope having a magnifying power of 25 or 30
diameters. Cyrillus and Catharine are connected by a
striking valley; while Theophilus intrudes on Cyrillus
on its north-west side. The western limb of the moon
is the right-hand one as seen in a non-inverting
telescope. B is a fine group of interlacing craters; the
largest of which is called Janssen. This is a very

Fig. 1. Fio. 2. Fio. 3.

striking group when the moon is from four to five days

old. In the late summer, or early autumn, these

formations should be viewed when the moon is waning,

about three or four days after full moon. The waxing
moon is best seen from January to June, and the waning
moon from June to December. C, Piccolomini ; D,

Altai Mountains; E, Sea of Nectar; F, Sea of Fertility;

G, Sea of Conflicts ; H, Sea of Tranquillity ; I, Sea of

Serenity. In the telescope, the " Seas " appear as vast

plains. The boundary line between light and darkness

ceases to be jagged where it crosses any one of these

plains, thus proving that the lunar surface is com-
paratively level here.

Fig. 3 represents the moon as seen at about
8h. 20m. p.m., May 15, 1894. Moon's age, about
10| days.

A, Plato. This is a fine crater, of which the floor

dai-kens towards full moon. Any good pocket telescope

will show it. B, Lunar Apemiines. This fine range of

mountains presents a grand spectacle at about the time
of First Quartor in the waxing moon, or about the
beginning of the Last Quarter in the waning moon,
when it may be seen as a line of light apparently pro-

jecting from the half moon into the sky. C, Eratos-

thenes. D, Copernicus, a splendid crater, and the centre

of a streak-system in the full moon. E, F, G, H, I,

Seas of Serenity, Tranquillity, Conflicts, Fertility,

Nectar respectively. J is Clavius, a magnificent crater
presenting a striking spectacle in an instrument magni-
fying 30 diameters, which will show it to have two
craters on its floor, as well as two others adjoining
its wall. The diameter of this object is 142 miles.

K is Tycho, which is the centre of a wondei-ful streak-
S3'stem. which can be well seen with a small telescope.
Olio streak runs across the Sea of Serenity, E. Tycho
itself is 54 miles in diameter, and has a central hill,

well seen with a power of about 30 diameters.
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THE POLAR RAYS OF THE CORONA.
By Mits. Walter Malndku.

The corona of lOdl was of tbe most luonouiiceil iniuimuui

t^-pe, its form was simpler tlian any of which astrouonu-rs

have had experience since 188;i. This circumstance,

though it may seem to detract from its beauty and

interest in some respects, is not without its advantages,

as the relations of many of its details can be more
distinctly followed and their significance better appreciated.

Es])ecially is this the ease with regard to the structures

immediately round the two poles of tiie sun's axis. At
times of maximum, the great synclinal rays are found,

not merely in the iieighliourhood of the sun's ecpiator, but

all round the limb, and the polar rays arc obscured by

the more conspicuous type of formation. But in an

eclipse Uke that of last May, the polar regions are left

absolutely free except for the beautiful and regular tufts

of light which have earned for themselves the appropriate

name of " plumes " or " panaches." These are then seen

there in utmost distinctness, and can be studied to

greatest advantage. No doubt structures similar in

general character may exist in every region of the corona,

both at minimum and maximum, but in the equatorial

regions the greater brightness of the great synclinal

curves, and the complexity shown by the regions of the

corona close to the sun's limb, prevent the " plumes

"

from being easily recognised.

Restricting our attention for the present to the rays

round the southern pole, thej' present something like the

following appearance. Starting from the great south-east

synclinal group, we tiud that the first polar rays are drawn
over into a curvature which nearly, though not precisely,

conforms to the southern outline of that formation. As
we approach the pole the rays are less and les3 curved,

till at the pole itself, and in its immediate neighbourhood,

we find them as straight as if they were ruled. And this

change of sha])e is not confined to the bright rays.

Between the bright rays there are dark streaks—whether
we regard them as mere rifts or intersi)aces, or as actually

dark rays, having an objective existence, as being, in other

words, an absorption and not a mere contrast effect

—

showing precisely the same excessive curving near the

south-east synclinal group, and straightening gradually

as they approach the pole until they become there as truly

rectilinear as the bright rays amongst which they are

found. Proceeding from the pole towards the west, we
find in like manner that the curvature of the rays

increases the further we get from the pole, although we
do not get the same extreme bending noticed on the east.

But it is noteworthy that the south-west equatorial wing
is more diffused than the south-east ; its outline is not so

sharp and well defined, and the curve of that outline is

much gentler, except at one particular point with which
I am not at present concerned.

The dark rifts or rays interspersed between the bright

p)lar rays deserve special attention. Many of these

ap])ear to be, and ]iroi)al)ly are, mere contrast effects,

interspaces between the bright rays. But others seem to

me to be of quite a different order. Thus on the east of

the pole we find two bright rays, the curvatures of which
lead them apart from each other the furtlicr they recede

from the sun. The darli space between them therefore

broadens the further we go from the limb. But within
this space we find an inten.sely black line; not a contrast

effect, for it borders neither of the bright rays, it does not
broaden as it recedes from the sun, but is equally narrow
throughout, and its curvature corresponds to that of

neither of the bright rays between which it runs. More
remarkable still it can be traced further from the sun

than the bright rays. A similar remark a]>plies to

another ray even longer and darker than the first, that

springs almost exactly from the sun's pole.

The polar rays towards the west appear to show some
evidence that they are not in the same plane. To the

extreme west two short bright rays of considerable curva-

ture appear to be distinctly nearer to the spectator than a

pair of straight rays wliich make a considerable angle with

the solar axis. The more westerly of the pair would
indeed seem to l)e partly hidden by the curved rays ; the

more southerly in its turn appears to conceal the lower

portion of three straight rays, which show a slighter

divergence from the solar axis. Elsewhere in the corona

of 1901 there were similar indications, none very strongly

marked, of a certain amount oi relief. The general effect

of this corona, as of all corona;, is of that of an essentially

plane phenomenon. The impression produced is that of

a superficies, not of a solid ; of a body having extension in

two dimensions, not in three.

Yet we know for a certainty that the material composing
the corona must be distributed in all three dimensions

;

taking one eclipse with another it must on the average be

equally extended in all solar longitudes. We are looking

down upon the suu day by day through a depth of the

corona which on the average corresponds to its mean
depth as seen in the tangential ])lane.

This consideration is so certain that it has led to the

system of polar rays being regarded as in fact a sub-polar

ring, the pole itself beiug bare. But at a distance from
it of about 20° or 25° a number of rays rise from the

surface and all of them bend over towards the sun's

equator. On this theory, those rays which lay very nearly

in the line of sight would necessarily appear to us to be

straight or nearly straight, through the effect of fore-

shortening, and would be seen by projection in the

apparent neighbourhood of the pole. It has been
further suggested that this ring of rays would be a
phenomenon essentially similar to our terrestrial aurorae,

the long coruscations of which have frequently impressed

themselves upon observers as resembling in appearance
these polar rays of the corona. But indeed this latter

suggestion is a very superficial one, and entirely ignores

the difference between the positions of the spectator m
the two cases. In the case of a terrestrial aurora we may
indeed see the rays shooting up from low down in the

north, high across our zenith, but we have no guide by
which we can tell as to whether those rays are really

rising or falling in our atmosphere, or as to whether,

which is far more probable, they are moving practically

at one given level ; their ajjparent rise or fall beiug simply

the effect of perspective. So far as our knowledge goes,

a terrestrial aurora, watched from the moon, would seem
to be essentially a surface phenomenon ; as entirely so as

the streaks which radiate from Tycho or Copernicus
appear to be to us.

The difficulty which we have in regarding the polar rays

as situated in a ring at about 65° of solar latitude lies

here ; that in such a case they should obviously be much
more crowded together as we approach the greatest

apparent distance east and west from the pole, whilst near
the pole they should be considerably shorter and fainter,

and much more sparsely scattei'ed. In other words, not

only would there be a marked flattening of the corona

itself at the two poles, but the polar rays would show such

flattening among themselves. But in general these features

are just what are not seen. The straight rays close to the

pole are in general at least as long and as bright as those

nearest the synclinal groups, and they are nearly, if not

quite, as closely packed. Yet a careful examination of the

region before us does show a certain crowding towards the
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east, wliilst dose to the great dark ray at the pole a Ijroad

but short bright ray is clearly seen, which may \l^ry well

have its rise in a latitude some 15^ or 20^ from the pole,

either on thti side of the sun nearer to us, or ou that more
remote.

The indications of relief in the corona, which the present

plate aifords, slight though they may be, are of importance,

as they teud to remind us that the corona, in spite of that

essentially flat appearance which it generally presents,

must in reality have a great extension in the lino of sight.

It is a fact of which we need to be reminded, since it is so

easy to forget it, and it has often been ignored in discus-

sions upon its structure and nature. And indeed it seems

very difficult to reconcile it with some features of its

actual appearance. The dark rays, for instance, whether

we regard them as mere interspaces between bright forma-

tions, or as having a distinct and separate objective exis-

tence, are exceeding hard to account for in a structure in

relief. Then, again, iu the corome of 1900 and of 1901,

and we might add also iu the more complicated one of

1898, the great mass of the corona was comprised in a

very few striking formations of the character known as

synclinal groups. In 1900, three of these were recognised,

in the other two years, four. On all three occasions these

structures had the most enormous extension, reaching on

the average a distance of about three solar diameters from
the centre of the sun. It is clearly not conceivable either

that the structures which were visible were exactly where

they appeared to be, in a plane at right angles to the line

of sight, or that the moon concealed from us at the most
more than two or three structures of similar character

and extent. The picture, therefore, that is conjured up to

our mind of what would be visible to us, could we look

down uj)on the sun and see the corona ou all sides at once

and in full relief, is that of about half a dozen or so

of these monstrous excrescences distributed irregulai'ly

round the sun ; whilst about one-tenth of the solar sur-

face, that immediately surrounding the two poles, would
be given up to a few "plumes," few, that is to say,

relatively to the area engrossed by them.

Uttttrs.
[The Editors do not hold themselves responsible for the opinions

or statements of correspondents.]

THE SPECTRUM OF LIGHTNING.
TO THE EDITORS OF KNOWLEDGE.

SiES,—The reproduction of a photograph of the

spectrum of lightning ou page (i of the January number
of this magazine is intensely interesting, and, so far as my
experience extends, uuique. I should indeed be glad to

know how the hydrogen lines in that spectrum are to be

accounted for. I presume that that element must for the

time being exist in a free state in that part of the atmos-

phere in which a " thunder-storm " may be raging; but
the question arises, How comes it there in suihcieut

quantity to thus indicate its presence? Are we allowed

to assume that the passage of au electric discharge through
a portion of the atmosphere decomposes the water-vapour

therein into its constituents, oxygen and hydrogen ; and
that, further, the freed hydrogen is thus raised to incan-

descence and so made to manifest its presence r I should

like to hear through some aeronaut if samples of our
atmosphere have ever been taken at an altitude of from,

say, one to two miles, which have been found to contain

even ammonia in any appreciable quantity. Prof.

Pickering remarks, in connection with the photograph
under consideration, " A number of photographs were

taken in this way, and showed the curious fact that the

spectrum of lightning is not always the same." I do not

just now see how they are likely to hi' precisely similar.

38, Burrard Koad,"
"

William Godden.
West Hanipstead, N.W.,

12lh Jduuarv, 1902,

KAINBOW BEFORE SUNRISE.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—Perhaps it may interest Mr. Johnson to know
that I saw the same rainbow at Blackheath which he

witnessed at South Croydon (see Knowledge, January.

1902, p. 11). I have a particular reason to remember the

date, as I was going a few miles later in the day to see a

relative in the country, and was rather anxious to learn

whether it was also" visible there, but could get no

information on that point a cause de la bonne heure. The
time during which I noticed the bow agrees with that by

Mr. Johnson, from 7.15 to 7.30, and I remarked that I

did not remember ever before seeing a morning rainbow

in which the whole arch was so complete and of uniform

brilliancy. W. T. Lynn.
Blackheath, Jauuarv 1st, 1902.

HOAR FROST.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—In Mr. Bells interesting article on this

phenomenon in Knowledge for November last two

rather curious facts are not referred to. Ou calm frosty

nights there is generally a slight air-current moving,

and the direction in which it moves is always indicated

by the position of the lines of ice-spicules, especially

en the edges and corners of railings, walls, leaves, etc.

One's first impression is that these lines of icy points

are blowai away from the wind and point down the

cun-ent like flags. But the contrary is the fact. They
are built up in the teeth of the cm-rent and point " up
wind " to the direction from which it comes, like a

vane. Such lines of hoar frost are often formed along

the telegraph wires, and it is not uncommon to see

the wires on such occasions curiously vibrating. The
cause of tliis is a little puzzling, but I think it may
be accounted for by a slight change in the duectiou

of the current after the formation of the line of frost

spicules. These spicules stand out like the teeth of a

comb on on© side of the wire only. If the current

changes and now sti-ikes them at an angle the pressure

will cause a slight toi-siou of the wire tmtil the resistance

overcomes the pressure, when the wire will spring back
and the same process will be repeated. F. T. Mott

Birstal Hill, Leicester.

December 17, 1901.

A POISONOUS SHRUB.
TO THE EDITORS OF KNOWLEDGE.

Sirs,—I hear, from the best authority, that there

is an oat ti-ee supposed to possess ciu'ious properties

in the domain of the Earl of Anuesley (Co. Down). For
several yeara certain members of the family had suffered

during autumn from a sort of skin eruption, and this

season the symptoms were more pronounced, head and
hands became swelled and inflamed, and feverishness

supervened, the whole malady somewhat resembling

erysipelas. It has been discovered that only those who
touched the leaves of this oak were thus affected, and
the secret cause of the complaint was definitely traced

to in-itatiou produced by handling them. We all know
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that the Primula ohconica brings out a rash upon unwary
admirers, but I had no idea that our sturdy old friend

(juercus would act in the same way. Perhaps your

readers could throw some light on the subjwt. and
inform us to what species such an oak would belong \

C. Maud B.\ttersby.

Cronilyn, Rathowen, Ireland,

Novomber 19th, 1901.

I
In reply to a request for information. Lord Annesley

writes tliat the ti'ee in question is lihua foricndenclron.

This is a North American shrubs belonging to a genus

of which many of the species ai-e highly poisonous. It

belongs to the order AiKirardinrea-, and though called

" Poison Oak," is in no way related to the true oaks,

the genus Quercm. The member of the gonus most
familiar to British plant-lovors is the Staghorn Sumac,

HhiiK liiiiii. which is froqucntlv seen in cultivation.

—

R. Li.. P.l

fiRiTlStt

Conducted by Harry F Witherby, r.z.s., m.b.o.u.

A MrnDKRi>i s W.vter K.\n. in TiDNDON.—On Sunday,

December 22nd last. I was watching a Water Kail hunting

for food in tlio rushes and [latches of open water at the

top of the Serjientiue, which was frozen. There were

some Sparrows about, one of which settled on some liroken

rushes near the Rail. The Rail immediately rushed at

the Sparrow and seized it, apparently by the neck, in its

lon^' slender bill. The struggle which followed took them
to a patch of unfrozen water, where the Rail "ducked"
its victim and left it half-submerged on the edge of the

broken rushes. The Sparrow died in about five miniites.

Some ten minutes afterwards the Rail caught sight of tlie

body, and going up to it gave it a few pecks, but did not

attempt to eat it, so that hunger could not have been the

Ciiuse of its strange accion. On the follov/iug Friday I again

saw the Rail in the same pW'e; when it hap]>ened to get near

the Sparrows it looked at them, but they were evidently

frightened and flew up. The Water Rail must be rarely

seen in London, and to find one acting in this extra-

ordinary way seems worthy of notice.—F. R. Ratcliff.

The Starling Roost on Cramond Island. By Charles Campbell. {The
Annalt of SrottM Natural HUlorif, JamiarT, lit02, pp. 2!l|. -This
is an interestiiij; article on the flighting liabits if the Starlings whicli

roost on Cramond Island in the Firth of Forth. Stadings have
roosted in great Hocks for some years past in a small plantation of

Scotch firs on this island, but it was not until the autumn of IS90

that they began to excite general attention in the neiglibourh lod.

The result of the author's interesting obscivations may be summed
up as follows :—The Starlings perform their daily journeys to and
from the island with great regularity. No matter what the weather
may be. and however strong the wind, they regularly perform their

journeys across the Forth. They roost on the island in summer and
in winter, although their numbers arc lessened in the breeding season.

No Starling remains on the island at any time of the year durmg the

day. It is supposed that on their reaching the mainland in the morning

the birds sepiimte into small companies which have their particular

feeding grounds. In the eTcning they gather together somewhere
inland, and often pass over the Forth in one enormous flock.

Bed-throated Pipit in Sussex.—At the meeting of the British

Ornithologists' Club held on December 18th, 1901, Mr. Howard
Saunders, on behalf of Mr. L. A. Curt s Edwards, exhibited a

specimen of a Kcd-throated Pipit obtained at Ninficid, Sussex, on
November 2titli, 1901. It was in perfect plumage, and was evidently

a yoimg bird which had just completed its first moult. The Red-
throated Pipit has been identified in Great Britain on very few occa-

sions. For the cause of its apparent scarcity I would refer my
readers to a note on the subject in Kxowi.kdob for September, 1901,

p. 20t.

Scops Owl in Kent.—At the same meeting referred to shove a

Scops-Owl was sent for exhibition by Mr. Collingwood Ingram. The
specimen was caught alive in a coachhouse at Broadstairs in March,
1898. The bird eventually died and its skin was preserved. The
Scops-Owl is only a summer visitor even io temperate Europe, aud is

seldom found so far north as the British Islands.

Waxwinfls in Scotland.—In ihc Annals of Scottish Natural History

for January, 1902, it is pointed out (p. 52) that there has been a decided

imraigi-ation of VV'axwings to Scotland this winter, but though widely

scattered over the country the birds have not come in considerable

numbers. The Waxwing is somewhat capricious in its visits, which
depend, no doubt, upon the severity of the weather on the Continent,

Great Snipe in Shetland and in Orlneij (Annals of Scottish

Natural Ilistory, January, 1902, p. 51).—There are few authenticated

occurrences of the Great Snipe in Scotland. Mr. J. A. Harvie-Brown
n.nv records that one was shot on September 26tli, 1901, in Shetland,

"hile Mr. Robert E.Bell notes that two others were shot on Sep-

tember 25th, 1901, in Stronsay, Orkney. The E-Jitors append a note

th.Tt a further Great Snipe was shot near Castle Douglas during the

past autumn.

frreen Sandpiper in the Outer Kehrides {Annals of Scottish Natural
l/ixtori/, January, 1902, p. 55).—A Green Sandpiper, a bird which

~ not previously been recorded from the Outer Hebrides, was
'taiued in South Uist during the past autumn.

On the Increase of the Starliiif/ and the Hawfinch. By H. E.

Howard, f.z.s. {Zoologist, December, 1901, pp. 463-467).—The
author of this paper has foiuul that tic great increase of the Starling

of late years, a fact which is universally admitted, lias tended to drive

away and cause a decrease in other birds which nest in holes of trees.

In Knowledge for July, 1901, I pointed out how that the Starlings

were driving away the Nuthatches especially, from the New Foi'est.

Mr. Howard goes further and aflirms that the Starlings evict even

the Green Woodpeckers from their nests in his district. In my expe-

rience, however, the numbers of the Woodpeckers (which can bore

nesting holes for themselves) has not been at all lessened by the

increase of the Starling. I may add as a point of some interest that

in the New Forest the Nuthatchoi return iu considerable numbers in

autumn and winter, and tluit the Starlings, which are now so numerous
in the breeding season, forsake the Forest as soon as their young are

fledged, ilr. Howard has also noted a large increase in Hawfinches,

which he deplores from an economic standpoint owing to the great

damage these birds do to fruit trees and vegetables. He traces the

increase of both these birds to the growth of the human population

and the consequent augmentation of orchards, market gardens, and
other suitable feeding grounds. It might be suggested that the un-

usually mild winters and dry summers of the last few years shoidd be

taken into consideration as a possible important factor.

Yrllow -hilled Cuckoo (Cocvyzus americanusj at liingicood, Hants
{Zoologist, December, 1901, p, 474).— Mr. G. B. Corbin records that a

specimen of this American bird was shot at Eingwood, on October

30th, 1901. The bird was in perfect plumage, and showed no signs

of abrasion in its feathers. For remarks concerning tlie occurrence

of this and other American species see Knowledge, January, 1902,

p. 16.

The Singed- necked Duck as a Sritith Bird {Zoologist, December
19th, p. 476).—Mr. O. V. Aplin here asks why this species (Fuligula

coUarisJ of American Duck should not be included in the list of

accidental visitors to Great Britain. The bird was originally de-

scribed by Donovan in 1801 from a specimen obtained in Leadenhall

Market, and said to have been shot in Lincolnshire. Mr. Aplin justly

remarks that a hundred years ago no wildfowl came imported for the

table from the other side of the Atlantic to London, but were not

wildfowl imported for ornamental waters, and might not this bird

have escaped 'f

All contributions to the column, either in the way of notes

or photographs, should be forwarded to Hakry F. Witherby,

at 10, St. Germans Place, Blackheath, Kent.
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Astronomical.—The discovery by Dr. Stewart of a

new minor planet of more than average interest is

announced bv Prof. E. C. Pickering. A photograph, taken
on August 14th last, revealed the presence of the ])lanet,

and later jihotographs showed that its daily motion was
uucomtnonly large. A preliminary computation indicated

that the ])Ianet was nearer to the sun than any other of its

class at present known. Prof. Newcomb finds that the

period is 413 years, the mean distance 2'.57 that of the

sun, the eccentricity 0'377, and the inclination 18' 38'.

The new planet is now moving rapidly northwards, having
crossed the equator about the 20th of January. Mr. S. B.

Gaythorpe has drawu attention to the fact that the

eccentricity of the orbit of the new jjlanet is slightly less

than that of iEthra—M^32\

Continxied investigations have established the reality

of the changes in position of parts of the
luminosity of the nebula surrounding Nova Persei, and
explanations which aim at avoiding the seemingly
impossible velocities which an actual translation of matter
would require, are being put forward. Prof. Kapteyn and
Mr. W. E. Wilson have independently suggested that the

light of the nebula is reflected from the Nova, and that the
apparent motion is nothing more than the progression of

the light rays to nebulous or meteoritie; matter situated at

gradually increasing distances. On account of the vast

distances of the nebulous matter from the Nova itself, it

is supposed that the light of the original outburst may
have taken months to reach it, so that the nebulosity did

not appear until the star bad greatly decreased in

brilliancy. Sir Norman Lockyer has suggested that the
luminosity of the nebula is produced by collisions of

meteoritic matter, and that it is the loci of disturbances

which are varying in position. A difficulty which presents

itself is that the most prominent part of the nebula
retained practically the same form during its movement.
—A. F.

Botanical.—Monsieur Laurent has an interesting

paper in the Cnmptes Bendus de VAcadhnie des Sciences,

Paris, of December 2nd, 1901, respecting the poisonous

action of the mistletoe on certain varieties of pear, shown
by the sudden dying off of the young branches during the

heat of the summer. At the point of contact of berries,

seeds, or young j)lants of the parasite with the bark of

the pear tree, and even for several centimetres around it,

the cortical parenchyma is killed and contracted, the

vessels become choked up with gum, which interferes with

the passage of the sap, in consequence of which the

neighbouring leaves wither, and ultimately the branch
dies. A single young plant of the mistletoe was found
sufficient to kill a branch several years old. Though the

poisonous principle resides in the pulp of the berries and
in the seeds, it is most abundant in the young plants.

The curious fact has been noticed that the mistletoe will

not establish itself on some varieties of pear. This is

shown to be due to the early death of the cortical tissue

at the points where the seeds of the parasite germinate,

and the younf plants die before the haustcria can pene-

trate the bark of the host. Monsieur J. Clialon has

oliserved that the mistletoe has a similar poisonous action

on Sj)artiiim jtniceiim and Fieiig elastica.

Professor Matouschek, writing in the Devtschp Bolan-

ische Monafsschrift of December, 1901, mentions that an

exceedingly tine female specimen of the yew growing in

the village of Ungersdorf, Moravia, does not fail to produce
its well-known fruits, though no male plant grows in the

vicinity. On investigation he found that the pollen,

which is conveyed to the female flowers by the wind, must
have travelled upwards of five kilometres, the distance

from Gaisdorf and Loipnilc, where the nearest male
specimens are met with.

It i.s well known that certain plants or parts f)f ])lants

are difficult to dry satisfactorily. For instance, Orohus
niger and many Scrophulariaceie (Pedicularis, Melam-
pyrum, etc.), which turn black during the process of

drying, and flowers, which often lose their characteristic

colours. Professor Rostowzew describes in Flora, 1901.

Heft 3, two methods of drying botanical specimens, which
have given excellent results. In that recommended for

general use, pads of absorbent cotton about half an inch

thick, and each wvajiped in a sheet of tissue paper, are

substituted for the ordinary drying material. The other

method is termed drying plants on a metal cylinder, and
is especially applicable to succulent specimens. Its salient

features are a hollow metal cylinder, freely perforated at

the sides, and covered at the top with a metal lid. The
cylinder is tightly covered with a liuen cloth on which the

specimens, placed between layers of drying paper, are

fastened. It is then stood on a tripod and a lamp applied

at the bottom. The heat from the lamp will quickly expel

the moisture from the specimens.— S. A. S.

Zoological.-—Some months ago an article appeared in

our columns on the manner in which Arctic mammals
turn white. Important additional information with
regard to the manner in which hair bleaches is afforded

by a communication from Mr. E. Metchnikoff, recently

published in the Proceedings of the Royal Society. It is

there stated that the all-devouring cells known as

j)hagocytes are the cause of the mischief. These cells,

which frequently have am£eba-like processes, are developed
in the central or medullary part of the hair, whence they
make their way into the outer or cortical layer, where they

absorb and thus destroy the pigment -granules. Numbers
of these phagocytes may be seen in hair which is com-
mencing to turn white.

" The part played by phagocytes," writes the author,
" in the whitening of hair explains many phenomena
observed long ago, but not as yet sufficiently uuderstood."

Thus the phenomenon of hair turning white in a single

night, or in a few days, may be explained by the increased

activity of the phagocytes, which i-emove the pigment
within an abnormally short period.

It appears from a communication published some time

ago iu our American contemporary, Science, that the

California Fish Commission ordered the destruction of

10,000 sea-lions on the coast of that State, on account of

the damage they do to the salmon fishery. It was ex-

pressly stated that the seals were not to be exterminated,

but only a third of their number destroyed. Dr. C. H.
Merriain points out, however, that 10,000, in place of

rej)resenting a third of the number of these animals,

probably exceeds the total. And he further points out

that these sea-lions feed almost (if not quite) entirely on
cuttles and squids, and do not touch fish. As Dr.

Merriam observes, the fact that sea-lions in captivity will
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eat fish rather than starve, is no argument that thoy do

80 in their native state, when their stomachs are invariably

found to be filled with the remains of cephalopods.

When the primeval ox of Europe ceased to exist as a

wild iuiimal, its name—aurochs— l)ecanie transferred to

the bison, and it is only of late years that it has been

relegated to its proper owner. A similar transference of

names has taken place in the case of the extinct South

African l>la;vubok (^Ilippotragns Jeucophcpus), whose title

was long assumed by the roan antelope, of which a wood-
cut appears in Wood's Nutunil Histonj under the former

name. Of late years, however, the distinctness of the

blaaubok has been fully recoguised by naturalists ; and
Mr. Graham Kenshaw, in the December number of Th>'

/,„./,./(',</, has done good service in collecting all the

available evidence concerning the extermination of this

interesting species, and in putting On record the specimens

known to be still in existence. The blaaixbok, it appears,

was always restricted to a small area in South Africa,

and ajipears to liave been Icilled out in 1800. There are

several mounted skins prestyved in different museums,
but noue, unfortunately, in our own national collection.

At the meeting of the Zoological Society, held on 17th
December last, Mr. G. Metcalfe expressed his opinion

that naturalists are incorrect in stating that the Australian

duckbill really lays its eggs. He believed, after many
years' observation, that this remarkable mammal is

vivipai-ous, instead of, as generally believed, oviparous

So far as we are aware, there is ni) published account of

the eggs of the duckbill having been actually taken from the

nest in the burrow ; but the late Mr. J. D. Ogilvy iu his

"Catalogue of .Vustralian Mammals" (1892) makes the

definite statement that two eggs are laid there. Now that

the question has been raised, it may be hoped that the
matter will be thoroughly thrashed out.

The Zoological Society have sustained a serious loss by
the death of their immature male giraffe, which took
place on the ninth of January. This animal, which was
purchased for a large sum iil 1899, was afflicted with a
"kink" in the neck, doubtless the result of an injury
received at or about the time of its capture ; the marvel is

that it did not die at a much earlier date.

The following important message was recently received
from Major Ross, now investigating malaria and other
diseases on the West Coast of Africa:—"I have much
pleasure in informing you that Dr. Dutton has made a
very important discovery at Bathurst. He has found a
new kind of parasite which causes fever in human beings.
The parasite is like the one wliich causes the fatal tsetse
fly disease among horses in South Africa."

An excellent idea iu the way of zoological gardens
has been stai-ttxl at Para, Brazil, in connection with the
well-known museum so ably directed by Dr. E. Goeldi.
Instead of buying foreign animals, the plan adopted in
these gardens is to collect only those inliabiting Brazil.
By this means, not only do the people learn to know
the fauna of their own country, but important infonna-
tion with regard to the same will almost certainly accnie
to science. Among other animals, a manati has been
exhibited.

In an imjjortant paper by Mr. W. P. Pycraft, recently
published in the Journal of the Linuean Societv, the
author shows that the bony palate of the Ratit*, or
ostrich-like birds, differs essentially from those of the
Carinata^ (we see no reason to follow Mr. Pycraft in
changing these familiar names) in several very important
particulars. It is also shown that the ratite tvpe of palate
(which also occurs in the tiuamus) is the older. Hitherto

it does not appear to have been recognized that the palates

of all Carinata; differ in one and the same particular

from that of the Ratita>, but this the author demonstrates

to be the case. He also shows that the most ]]rimitive

type of carinate palate is that of the fowls, and the most
complex that of the ducks, owls, and certain other groups.

This complex (desmognathous) type of palate, he suggests,

may have been acquired independently in two or more
groups of birds, and is not therefore indicative of genetic

affinity. This paper is one of the . most valuable con-

tributions to avian morphology that has appeared for some
time.

THE NOBODIES -A SEA-FARING FAMILY.'

By Rev. T. R. R. STEnniNG, m..\., f.r.s., f.l.s.

CHAPTER I.

Before boring out the eye, the solitary eye, of the
stupefied Cyclops, Odysseus, in the Odyssey, took the

precaution of stating that his own name was Outis, or

Nobody. When the cruel cannibal, awaking to blind fury,

shouted for vengeance, his neighbours were not a little

mystified to hoar that the outrage had been wreaked upon
him by Nobody. They accordingly dispor.sed without
attempting to catch Nobody, or put Nobody to death.

Eventually, as we know, the so-called Nobody escaped by
the skin of his teeth, and the story of his adventures has
not ceased to fascinate the world during far more than
two thousand years. In the economy of nature there

occur bodies without limbs, bodies without apparatus for

feeding, and occasionally limbs capable of detachment
from bodies without loss of their own life and functional

activity. But, strictly speaking-, animals without bodies
are unknown to zoology. All that can be said for the
family now to be discussed is that they make an
uncommonly good attempt to supply the deficiency.

Socially we apply the term " nobodies " to persons who are
unckissed, whose names never come before the cultured
public, whose origin, qualities, and mode of existence are so
Uttle or so vaguely known that they neither attract the
attention nor influence the thought of the world. In this

sense also the group of marine animals now suing for

notice justifies the modest title under which it is led on to

the stage. Were it something absolutely novel, it might
be brought forward with circumstantial pomp and a
flourish of trumpets. It is too late for that now. Striiin

had a chance a hundred and forty years ago of exulting
over his Fliulangium marininn and Phalangium I'dtorale

as exceptions to the axiom that " there is nothing new
under the sun." But he missed his chance by the very
fact of assigning his discoveries to the genus Phalangiuvi,
thereby identifying them with the tracheate arachnids,
popularly known as "harvest men," a long-legged terrestrial

tribe, peculiar indeed, but not new. That Strom was not
able accurately to classify creatures, which had a familiar
look of being honest harvestmen, but belied their looks l)y

living in the sea or clambei-ing about between tidemarks, was
really not any discredit to Striim. A thin stream of highly
capable observers since his time have busied themselves
with the same creatures and their kindred. They have
studied many species. They have founded numerous
genera. They have assigned the whole group first to one
zoological class and then to another with a persistency of

irregular oscillation that no pendulum could imitate. The
end of it all is very like the beginning, the result being
that, place the group where you will in accepted orders, it

is only by force and not by fitness that it can be pushed
in. Such is the isolated and problematic position of the

Pycnogonida.
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It would be absurd to say tliat thoso aniiuiils are

popularly knowu as sea-spiders, since there is really no

]Mipiilur "knowledf^e conieruius? tln-ni. Vernaeular names of

Nt/mji/ion ma (Strom). Natural i

After E. B. Wilson

this kiud obtain a certain currency, because in regard
to things strange and unaccustomed we are always longing
to be able to speak and to hear every man in the tongue
wherein we were born. But in the expression " sea-

spiders " there is the special disadvantage that it prejudges
a case which is still being argued. Though they are
certainly not spiders, the question remains open whether
their relationship to spiders is too remote to admit of

their bemg grouped anywhere near them, or along with
them at all, in the Arachnida. Their scientiiic name is

properly derived from the earliest genus established in

the group, P(/c»0(/oh itm, Briinnich, 1764, and simply refers

to a striking external characteristic, the " frequent angles"
which their structure in general, and their limbs in

particular, display. The Arthropoda, that vast division

of the animal kingdom, which includes our present group
along wth Crustacea, Arachnida, Myriopoda, and the
uncounted legions of the Insecta, are named from the
common character of " jointed legs." In the Pycnogonida
more uuifoi-mly than anywhere else is the sigiiificauce of

this name " arthropod " justitied. For here the legs are

the predommant structures in the organism, and their

geniculations are as obtrusive and pertinacious as in any
harlequinade. So decided is the prominence of the legs

that in the early part of the nineteenth century Dr. Leach
named the tribe Podosomata, meaning leg-bodied animals,
and in the later part of the same century Gerstaecker and
Dr. Anton Dohrn adopted for them the name Pantopoda,
meaning animals that are all legs or nothing but legs.

These designations, therefore, come to much tlie same
thing as saying in English that the animals have no bodies.

* This species is eommouly called Ntfrnplion strbmii, KrSyer ; it

identification with Strom's species being more or less conjectural.

That, however, is by no means literally true, and accor-

dingly there is no scientific warrant for displacing the

earlier name Pycnogonida iutroduccil liy Latreille.

Dr. Dohrn in 18(j9, fresh from studyiii'^' the group at

Millport, in the island of Cumbrae, de<larcd that, speaking

generally, all English zoologists at that time considered

it to be of crustacean nature, and that with equal unani-

mitv all German zoologists referred it to the spiders. As
a matter of history, then, it is worth while recalling that

in the first volume of our English Zoological Reconl, which

is the volume for 1864, Mr. Speuce Bate writes of the
" Pycnogonidae " as follows :

" In adding this family to those

of Crustacea, we do not consider that we are pledging

ourselves beyond identifying it as a link that connects the

Crustacea with the Arachnida. Although the result of

recent research, both in the structure and development

of these animals, tends to place them among the Arach-

nida, there are some points in their structure that asso-

ciate them with the Crustacea ; this, together with old

association, induces us to speak of them in this place for

the present." This old association may refer to the work
of Johnston in 1837, and of Goodsir five or six years later,

but Ijeach in 1815, in a famous contribution to the

Transactions of the Linuean Society, most expressly in-

cludes the present tribe in the Arachnida, and Adam
White, in 18-57, excludes it from his "History of

British Crustacea." Moreover, in the volumes of the

Zoological Record the esteemed German writei". Dr. von

Martens, who succeeded Spence Bate as recorder of crus-

taceans, followed his example down to the year 1874.

There is, therefore, no such Anglo-Teutonic cleavage of

opinion as Dr. Dohrn supposed. Much rather are two
illustrious French authors mainly responsible for up-

holding the crustacean aftiuities of these spindle-shanks.

For a long time the " Histoire Naturelle des Crustaccs,"

by Henri Milne-Edwards, deservedly held the field as the

only moderately complete, comprehensive, and trustworthy

history of that class. Daring its reign there would have

been few desirous, and still fewer effectively capable, of

disjjuting the historian's opinion on an obscure issue

which is thus expressed in his third volume (1840) :

—

" It is only with much hesitation that I place here a little

group of articulated animals which have been considered

by most zoologists as belonging to the class of Arachnida,

but which seem to me to have more analogy with the

Crustacea, for they have no tracheae nor lung-books for

atmospheric respiration, and they do not appear to breathe

the oxygen dissolved in water except through the general

surface of the skiu, as we have seen to be the case iu

several lower crustaceans." Much earlier, in 1816, Jules

Cesar Savigny, in his striking essays on Invertebrata,

stoutly argued that, if the group were not actually crus-

tacean, it was the link which most certainly connected

that class with the arachnids. In those essays Savigny

had at least one memorable success, namely, that which
attended his homologizing, as it is called, the limbs of the

Malacostraca. He demonstrated that the very organs,

which in one set of them are parts of the mouth-apparatus

and concerned with feeding, or, in one word, are jaws, in

another set are prehensile or ambulatory limbs, answering

to the description not of jaws but of arms or legs. One
need not perhaps be surprised that he attempted to extend

this discovery in other directions, and hoped to find in it

a key for solving fresh problems.

Savigny was very well aware that in the Pycnogonida,

when they are most fully furnished with appendages, there

are never present more than seven pairs, whereas in the

Malacostraca when fully furnished these pairs amount to

nineteen, without counting the stalked eyes. This being

so, he was under much of an obligation to compare a
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fully-furuisheJ pvcnogonid with a- mtilacostracau uot fully

furnished. Yet to this couveuieut procedure he was led

probuMy less by his own aeuteness than by the odd
behaviour of some earlier naturalists.

So long ago as \6To the little auiphipod, now known as

Cyamus ceti (Linn.), whieh nibbles the skin of the Green-

land whale, was described and rudely figured by one

Friderich Martens, who evidently had in him the making
of a good naturalist. Though vulgarly called a whale-

louse, the Cijamiis is as true a malacostracan as any crab

or lobster. But it has its own features of distinction.

Among the amphipods it belongs to that section called

Caprellidea, which have so little of the roving disposition

that they have found it convenient to disjjeuse with pleo-

puds or swimming feet. As a corollary to this act of

abnegation they have reduced the pleon (or abdomen),
which elsewhere carries the pleopods, to little more than a

vestigial stump or reminiscence. On its head Cijamus

carries a pair of simjde eves, and on its trunk or middle

body instead of the normal seven pairs of legs it has but

five paii"S. the third and fourth having dwindled away to

mere attachments for the branchiae and the female brood-

pouch. Now in 1 76b Job Baster, a Dutch enthusiast

on the botany and zoology of the day, called attention to

this Cyaiuiig in a singular manner. He was writing of

fish-lice, and after remarking on the horror which many
persons feel at the second half of that compound word,

he adds that " a naturalist, ou the other hand, who can

never think it undignified to examine what God has not

thought it undignified to create, finds tokens of the

divine wisdom, power, and providence, as well in the

desi)ised louse as in the great elephant or rhinoceros."

That is written in the spirit of a philosopher. But later

on he makes particular observations which became the

source of prolonged confusion. He describes and figures

a pycnogonid, for some inscrutable reason introducing it

as a whale-louse, though he does not pretend to say that

he obtained it from a whale. Indeed, he recognises its

essential distinctness from the original whale-louse de-

scribed bv Friderich Martens, but accuses Linna?us of

having considered them one and the same. Linna-His, in

his attempt to embrace the whole world of natural history,

no doubt committed many errors, but this particular one
was plainly out of his reach. The part of his tenth
edition, in which according to Baster he made it, was
published in 17.58, while the Pycnogouida, as already
explauied, were not known before 1762. Still, as everyone
is aware, Linnaeus was a man of very obliging temper,
and accordingly in 1767 he actually did commit the fault

of which he was falsely accused in 176.j. In his twelfth

edition he makes Martens' whale-louse a synonym of

Briinnich's Pyrtiogonum under the title of PhalaiKjium
haUvnarum, and this specific title is retained even in 1794
by J. C. Fabricius, although it had no claim to supersede
Strom's earlier littorale, and although the Pycnogonida
have nothing to do with baleen whales or any others.

Ci/am > ceti (Linn.). After
F. Martens.

Pycnogonum Hllorale (Strum).

After Briiunicli.

there are four simi>le eyes ; in the former there are only

two, but Saviguy found in addition two compound eyes,

which no other naturalist has seen before or since, and
strangely enough the critics appointed to report on his

essay, though evidently not at all disinclined to find

faults in it, credit him with this imaginary discovery as

something of considerable importance. For some reason

he does not lay any special stress upon it himself. To
compensate for this self-denial he makes the extraordinary

observation that " Crustacea have not, properl}- speaking,

any abdomen, and the Pycnogonid group are distinguished

from other Arachnids by the length of their thorax and
the extreme smallncss of their abdomen." It is true that

the Caprellidea have the abdomen singularly reduced, but

in this respect they are exceptional not only among the

Amphipoda but among all Malacostraca, and not only

among them but among all free-moving crustaceans. To
say that a lobster, for example, has no abdomen, so far

from speaking properly, would be to make a statement as

absurd as could well be devised. Savigny, however, was
chiefly concerned to establish a parallel between the

appendages of the trunk or thorax in the two animals

under comparison. In an auiphipod or isopod, the

cephalic division or "head" carries six pairs of appen-

dages. Then comes the trunk with seven pairs, which
are all faithfullv represented in Gyamus, though in a

dorsal view the first pair are not seen, being concealed

under the second, and, as previously mentioned, the third

and fourth pairs are imperfectly developed. With this

In whatever mistakes it may have originated, the
coupling together of Cyamus and Pycnogonum made a
comparison between the two a task as it were marked out
and prepared for Savigny's hand. In the latter genus

Cyamus cell (hinu.). Magnified. Aftw' Lutlieii.

state of things Savigny compared a species of NympJioii,

in which he maintained that the cephalic part, or head,

was constituted only by the proboscis, devoid of any

distinct appendages, and that the seven pairs attached

behind the proboscis answered to the seven pairs of limbs

in the trunk of an amphipod. That in some of the

Pycnogonida the first, the second, and in one sex the

third, of the seven pairs may be wanting, is no impedi-

ment to Savigny's hypothesis, since in Cyamus also, two

of the pairs have suffered degradation, and in both the

compared groujts abdominal limbs are, as a rule, con-

spicuous by their absence. But since the mainstay of

Savigny's comparison is the numerical fact, that in each

case the middle-body of the animal normally carries

seven pairs of appendages, it becomes apparent that the

comparison is definitely tied to the Malacostraca, among
which alone that numerical arrangement is found. In
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the Malaeostraca, however, there is no a]>iirnaeli to a

probosciiliform head, nor are heads to be found entirely

devoid of appendages. Sueh a state of cephalic destitution

does not occur even in the degraded parasitic isopods, and
if it did, these as well by their life as their limbs are

removed from comparison with the Pjcnogouida Again,

the Malaeostraca never have the eyes planted anywhere

Pi/cnogonum lUlorale (Strom). Magnified. After E. B. Wilsou.

but Upon the head. The eyes may be stalked or sessile,

separate or united, compouud or simple, or mixed of both,

or they may be altogether absent, but they are never

under any circumstances placed upon the thorax, which

according to Savigny's interpretation is their position in

Nymphon and its allies. The presence of external

branchiae, as found in the Malaeostraca, in contrast to the

total absence of branchiae from the Pycnogonida, is set

aside by Savigny as a difference of trifling importance.

But the puny abdomen which is common to the Caprellidea

and the Pycnogonida really narrows down the applicability

of his comparison to the ampbipods, since these are the

only malacostraoans among which the degraded abdomen
occurs, and all these have external branchi-ae on the

thorax. The four hinder pairs of legs in the Amphipoda
present numerous diversities of shape, but through them
all they take care in their articulation never to exceed the

limit of seven joints. With equal fidelity the Pycnogonida

in their walking limbs take care to exceed that number.

It would certainly seem, therefore, that from almost every

point of view, Savigny's attempt to homologize the

Pycnogonid limbs with those of the Crustacea, was a

failure. It took its rise apparently from Baster's verbal

mistake in calling a Pycnogonum a whale-louse, it was
fostered by a certain superficial resemblance between two

quite different animals, and it was developed through

over-eagerness to make one triumi^h of ingenuity lead on

to another.

From this historical and controversial discussion some
facts relating to the structure of our "nobodies" will

have been gleaned. There are rather singular details to

be recounted hereafter.

i^otCctg of Booftg.

' Ma.n. '—The most generally interesting item in the January
issue, which commences a new volume, of this excellent

anthropological journal, is an illustrated article by Prof. E. B.

Tylor on a " totem-post " from Queen Charlotte Island, British

Columbia, recently erected in the Pitt Rivers Museum at

Oxford. The ])ost, iu its present condition, is a little over
forty feet in height, and is appropriately placed between two
" house-posts," which came from the same village, if not from
the same house. A photograph of tlie Haida village of Masset
shows a row of these totem-posts (among them the Oxford
specimen) before the chiefs' houses. " No more posts,'' writes

Prof. 'J'ylor, "are likely to be set up at .Masset. Missionary

inliuencc has impresse<l on the native mind a sense of such art

being a waste of labour.'' It if, therefore, well that this fine

example has been secured in time. The exquisite coloured

plate shows in detail the elaborate carving and colouring of the

crown of the post ; the "totems," or figures, being those of the

family of its original owner. Other articles in the same
number deal with the practice of altering tne shape of the head

among certain Pathans in the Punjab, Burmese jiipes, Irish

folk-lore, etc.

"The Earth's Bei;in.nixg." By Sir Robert Stawell Ball,

I.I..!)., F.K.s. (Cassell.) Illustrated. Ts. 6d.—Kir Robert

Ball is always interesting, and not least so when he is lecturing

to children. The present volume is the result of his juvenile

lectures at Christmas, in 18'J'.i-l'Ji)i">, in the Royal Institution,

thrown into book form, and form a popular exposition of

Laplace's nebular hypothesis, in which Laplace's theoretical

reasoning is touched upon very lightly, and more fully the

evidence in its favour afforded by the photographs of nebulae

and star clusters, taken in America by the Lick and Yerkes

Observatories, and in this country by Dr. Isaac Roberts and

Mr. W. E. Wilson. The book is very fully illustrated, two of

the pictures of Krakatoa, and of its effects on an English

sunset, beiug highly coloured. We could have wished, however,

that the pictures had not been printed in the te.xt, but had been

given as plates on separate pages, without printing or illustra-

tion on the back. The first paragraph suggests that Sir Robert
had sat at the feet of Lord Rosebery when he gave his astrono-

mical speech at Birmingham in October. Does Sir Robert
really find from personal experience that '" temporarj' concerns''

(such as toothache or influenza) are forgotten iu the presence of

such phenomena as a spiral nebula, or in the contemplation of

the solar evolution from the primeval fire-mist V And does Sir

Robert really mean to give the impression that the uebuliE that

Dr. Roberts has photographed in Pisces, or Coma Berenices, or

Ursa Major, are such systems even as the Milky Way, only

writ small since they are so distant from us and from it ?

Surely this is but the heresy of the " I'lOO universes '' which Sir

AVilliam Herschel de.soribed to Miss Burney as " whole sidereal

systems, some of which might well outvie our Milky Way in

grandeur," the heresy of which his later knowledge made him
recant.

"Anticipations op the Reaction of Mechanical and
Scientific Pkogress upon Hu.man Life and Thought.''

By H. G. Wells. (Chapman & Hall.) Price 7s. 6d.—Of the

many hundreds of books published in the course of a year, it is

not often possible to name more than five or six which force

themselves upon the attention of thoughtful readers of all

classes. One of these select volumes from the literary output

of 1901 is Mr. Wells's "Anticipations"; and we do not hesitate

to say that no more vigorous and stimulating statement of

human affairs and destinies has been published for some time.

The author is best known ])erhaps by his fantastic stories, in

which many scientific readers have found delight, and failed to

find the paradox of the central idea. In this volume we have

himasa philo.sopher, oracle, and prophet, who, surveying existing

customs and social relationships, relentlessly points out the

shams, pronounces the doom of stupid methods and conven-

tionalities, and predicts the condition of things at the end of

this century. It is impossible in the brief space which can here

be devoted to the book to describe even in outline the social

analysis and synthesis elaborated by Mr. Wells
;

but we can

indicate the hue of argument. Take, for instance, the subject

of locomotion of the present and future. Now we have the

crowded, slow, uncomfortable, unpunctual trains, which, in the

case of London suburban traffic, traverse about twelve miles |in

an hour, and make it impossible for men with business iu the

city to live far out -in the country. Leaving aerial navigation

out of the cpicstioD, it is suggested that the development of

locomotion will probably be in connection with automobiles

running on specially prepared tracks. Carriages of this kind

will enable people to get out of town quickly, easily, and with-

out the necessity of departing from one particular station and

being carried to another, which may or may not be close to the

desired destination. Horse traffic is a means of locomotion

which is unworthy of an enlightened generation ; for besides

being inefficient, it is destructive and defiling to the streets.

With the growth of motor tracks, the radius of a city will bo

greatly extended, and telephonic conunuuication will fciiable all
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parts of the country to be connected for speech. 'Mr. Wells

says nothing about automatic telephone exchanges or the pos-

sibility of telephony without intervening wires, but the changes

he foreshadows will not be affected by developments of this

kind. He is. in fact, more concerned with the effects of inven-

tion and increased knowledge upon the social organism than

with future meclianical accomplishments. He predicts the

downfall of Democracy and the creation of a Xew Republic in

which the engineering and scientific class will exert dominant

influence. The present order of things will pass away, and in

the new heaven and new earth which Jlr. Wells forecasts

intellect will reign .supreme. The author is no mere iconocliist,

but an acute observer who examines the stream of tendency

from many points of view and describes how use may be made
of its flood. His conclusions will not be accepted by all students

of human nature, but every reader o£ the book will be influenced

by its forcible argument. Using the material available he

establishes the New Republic about the year 20Ui i, but knowing
something of social inertia we suggest that two or three

thousand years later would be nearer the epoch of the mil-

lenium. Mr. Wells' book appeals to every thoughtful mind,

and, we believe, it will have a decided influence upon the trend

of social evolution.

"Last Words ox M.\tkiualism and Kisdred Suiwects.''

By Prof. Ludwig Biichner, m.d. With a life of the Author by
Prof. Alex. Biichner. Translated by Joseph McCabe. (Watts.)

6s. net.—The title of this book is an unfortunate one. Prof.

Buohner was not a materialist. He insists, again and again,

in these essays that the system of thought he advocated is more
accurately described as monism. The fact is there are no

msterialists. Thebeginningof thenew century sees twoopposing
schools of thought ; on the one side are the monists, with whom
Ludwig Biichner would be found were he still alive, and on the

other, are the dualists. Moreover, so long as the inorganic world
alone is under consideration there is, to all intents and purposes,

no difference between the monist and his opponent. When,
however, the phenomena of life and consciousness call for

explanation the difference between them is clear enough. The
monist recognises no break between the inorganic and the

organic worlds ; the great principles of the conservation of

matter and energy, and the other laws of physical science, are, he
urges, as true of living things as any others. The dualist, on the

contrary, maintains that satisfactorily to explain the organic

world it is necessary to postulate a second cause, an effect of

which when we come to study man, is found in his " soul.' It

is hardly necessary to remind readers of Knowi.euge that a

large number of men of science are monists. As to the

ultimate cause of all existence the man of science knows
nothing, nor indeed does there seem any possibilitj' of his

knowing. J[r. Herbert Spencer has, to questions of this sort,

given the name the " unknowable." But the great fact for

practical men is that the '"unknown'" and the "unknowable"
are by no means synonymous. With the triumphant march of
science the " unkuown " is every day having to reduce its

boundaries, and this is incentive enough for the man of science.

There has been in the past an opprobrium attaching to the
name materialist, due probably to the uneducated advocacy of

men who were concerned less with the advance of scientific

knowledge than with the overthrow of dogmatic theology.
The name might very well be allowed to die ; and, if at the
same time, those who find no need in the universe for any
dualistic hypothesis are content simply to try to advance
natural knowledge and to leave religious systems to take care of
themselves, we shall be .saved much useless controversy and have
energy to sp.are for more important work. The world is for-

tunately beginning to understand that the practical matter of
conduct is influenced much less by dogmas held on faith than was
originally thought. To return to Mr. McL'abe's translation, it

is on the whole well done, though we think it is a pity that
somebody conversant with technical terms did not revise the
translation. Had this been done we should not have to call

attention to such irritating mistakes as "phosphor'' for " phos-
phorns" (pp. 41-J), ••corbonio" for "carbonic" (p. 50),
"sulphuretted .antimony" (p. 3'!), and so on.
•'Lectikks ank Kssavs." By the late William Kingdon

Clifford. Jn two volumes. (Macmillan.) 10s.—The addition
of these lectures and essays, first published in 1879, to the
widely popular Eversley series will give the younger generation
of students of science who are unfamiliar with Clifford's views,

an opportunity of benefiting by these remarkably lucid

expositions of fundamentally important subjects and of miking
the acquaintance of two beautifully produced volumes. As Sir

Frederick Pollock says in a biographical preface, Clifford

" expressed his own views plainly and strongly because he held

it the duty of every man so to do ; he could not discuss great

subjects in a half-hearted fashion under a system of mutual

conventions." He always discussed metaphysical and theological

problems with exactly the same freedom from preconceived

conclusions and fearlessness of consequences as any other

problems. He always went to the root of matters under

consideration. Taking as his subject ordinary questions of

everyday life, on which all men ponder, he would so probe and

analyse them that his hearers understood before he had finished

that, having obtained clear views on the simple affairs of

conduct and belief, they were well on the wav to grasp all the

philosophy that really concerned them. " Body and Mind,''

"Right and Wrong," "The Ethics of Belief," are examples of

the "questions that Clifford loved to explain to intelligent

audiences. " The domain of science," he .said on one occasion,

" is all possible human knowledge which can rightly be used to

guide human conduct." Xo bounds must be set to the "puri-

fying and organizing work of science.'' It is not surprising that

so fearless a thinker and so brave a prophet was often disliked

and dreaded. Naturally, the doctrine that "it is wrong in all

cases to believe on insuflicient evidence ; and where it is pre-

sumption to doubt and investigate, there it is worse than

presumption to beheve"—did not endear Clifford to official

theologists. But the more intelligent views which are common
to-day are to be tnaced to men like Clitt'crd, who, regardless of

what pleased this or that sect, preached truth for truth's sake,

and maintained that all truth is the heritage of humanity and

mu<t not be withheld because priests and church officials say the

masses cannot bear it yet. The young student of science,

nurtured in orthodoxj',' who is finding himself in pain and

travail as he first applies the scientific method to the dogmas he

was taught in childhood, should read and study these essays.

Here are the words of a master who has passed along the same

road, who though he discarded many of the myths of the

infancy of the race, never lost his grasp of the great ethical and

moral principles on which the social welfare of mankind will

always depend.
"Studies in Heterogenf.sis." By Prof. H. Charlton

Bastian, M.A., M.n., f.r.s. First Part. Illustrated. (Williams

it Norgate.) 7s. 6d.—The conclusions arrived at by Prof. Bastian

are so opposed to the teachings of modern biologists that we
cannot but be surprised at theif enunciation by a Fellow of the

Royal Society. 'The thesis which he endeavours to establish is,

in general terms, that from one presumably pure substance of

an organism it is possible to produce various alien forms of life.

In support of this view, among other observations described and

illustrated, are the transformation of the contents of vegetal

cells and organisms into such forms of life as amoebiE, actino-

phrys, and monad cysts : of the substance of certain encysted

ciliates into amcebi and monads : and of the substance of the

eggs of certain rotifers into primitive fungoid sporangia and

ciliated infusoria. The natural interpretation to put upon the

observations would be that the changes described are due to the

multiplication of forms of life of which the germs existed in the

original substance, or which invaded it. Prof. Bastian has

considered this interpretation but has rejected it in favour of

the conclusion " that the resulting forms of life are, in reality,

heterogenetic products originating from the very substance of

the organisms or of the germs from which they proceed." Such

a heterodox opinion is not likely to be accepted upon the

evidence he brings forward, but to disprove it would be as

difficult as it was to overthrow the doctrine of spontaneous

generation. Tne subject can only be dealt with adequately by

biologists trained in the exact methods used by Pasteur and his

followers, and we believe they would object to the conditions

under which many of the observations were made.

"A Ready Aid to DisTiMaisii the Com.moner Wn.n
Birds oi- Great Britain.'' By David T.Price. (Gurney &
Jackson).—In this little book the author has made a poor

attempt to carry out an idea which would be of value if it could

be successfully accomplished. Mr. Price begins with a sort of

key by which on seeing a bird in the garden, field, or wood, one is

supposed to be able to judge its species. For this purpose a

much more exact and more wisely arranged key than that
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devised by the author would be necess;iry to lead to a correct

identification. Having discovered, by the key, the suppofcd
name of the bird seen, we are referred to a brief dcscrii)tiou of
it in the second part of the book. Here Mr. Price has come
sadly to grief regarding many species. His idea has been to

deal with "habitat. Might and characteristic habits rather than
details of plumage." Then why does be not, for instance,

differentiate the brown and barn owls by their distinctive notes
rather than by the colour of their plumage, which is seen rarely

when thej' are abroad V Some of the author's descriptions are

very good, and in these the correct characteristics in habits or

plumage which will lead to identification have been jiointed out.

But Mr. Price is evidently a i)Oor observer, and in many
instances shows a lamentable want of knowledge of his subject.

He says, for example, tliat the cock house sparrow has a red-

brown cap, and surely of all birds the familiar sparrow could
have been described correctly. That the red brown ctip belongs
to the tree-sparrow, and is one of its distinguishing marks is not
mentioned. Agiiin the plumage of the wheatear is described

as pale brown. The female wheatear, and even the male in early

winter, may be so described, but the conspicuous and beautiful

grey of the cock bird in spring and summer is not referred to.

Nor do we think the author's selection of the commoner birds

altogether wise. The guillemot, for instance, is described ; but
the razor-bill, which in winter, in any case, might easily be
mistaken for it, is ignored.
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THE FLIGHT OF A HAILSTONE.
By Aethur H. Bell.

A HAILSTONE, when dissected, is found to be au aggregate
of tiny crystals disposed in concentric rings or zones

;

zones which, if rightly cross-examined, will have much
to tell concerning the wonderful journey of the hail-

stone as it plunged through the atmosphere on its way
to the earth. A snowfiake makes this same journey
through the air in a more leisurely fashion, and it does
not arrive at its destination with the noise and rattle

that announces the descent on the eai-th of hailstones

;

but the two travellers axe very nearly related, for they
are both the offspring of aqueous vapour. It is part of

the work of the meteorologist nowadays to discover, if

he can, why the moisture in the air sometimes takes

the form of a snowflake, while at others it crystallizes

as a hailstone. To merely record the size of a hailstone

is insufficient, for these frozen pellets of moisture liave

more interesting attributes.

At the heart of every hailstone is a tiny atom of dust,

which may be considered to be the very foundation of

tho whole icy structure. These atoms of dust pervado

every part of the atmosphere. Not only are they found
in tho lower strata of the air, but the winds can-j' thcni

far above the highest mountains, and no matter whether
samples of air obtained by balloonists or by mountain
travellers are examined, minute particles of dust arc

always everywhere to be found. Indeed, it is becoming
understood that without an atom of dust upon which
tho moisture of the air could settle there would be no
rain-drops, no snow, no fog, dew, clouds or hail. Without
these minute platforms, as they may be called, upon
which the moisture as it condenses could alight, rain

wovdd be continually pouring down upon the earth, and
it is these motes that keep the moisture buoyed up in

the atmosphere until such times as circumstances compel
them to yield up tho aqueous supplies which thcv so

industriously collect. Supposing, then, that a little

vapoiu' should happen to condense on a particle of dust

floating aimlessly through the air, there is a beginning
made of what, under favourable conditions, may
ultimately gi'ow to a full-sized hailstone.

It is highly probable that, for a hailstone to have
fitting opportunity of growing to maturity, it must take

its plunge to the earth from a great height. The clouds

which float at the greatest distance from the earth are

those known as the cirrus, which are often seen many
miles above the tops of the highest mountains. If. then,

an incipient hailstone can only dive towards the eai-th

from this dizzy height it will in its headlong flight

pass through strata of air differing very much as regards

moistui-c and temperature, and these are the circum-

stances most favourable to its development.

But before the growing hailstone can launch itself

downwards it must by some means or other contrive

to get itself carried up to these serene and chilly heights.

Briefly, it makes the journey by stepping, as it were,

into one of the strong ascensional cuiTents of air which
spring upwards from almost every part of the earth's

surface. These cm'rents are revealed by the cumulus
clouds which are but the visible tops of columns of air.

As these rising currents of air rush upwards they

presently arrive ati a height where the air is rare and
cold, so that the aqueous vajjour they carry with them
condenses and promptly assumes the form of a cloud

;

a process that may be likened to a rocket which bursts

into a visible cloiul of fire at the end of its upward
flight. If, then, the dusty atom with its tiny load of

moisture that is subsequently to form the nucleus of a

hailstone can succeed in entering such a rising stream of air

it will ere long find itself at a height that will ultimately

prove to be an admirable coign of advantage. In this

position it resembles nothing so much as an oak apple

dancing at the top of a jet of water, for in each case au
ascending current keeps the object buoyed up.

But it often happens that yet loftier heights are

necessary for the growth of a hailstone. Supposing, then,

that a further upward flight is desirable, there is a con-

venient motive force ready to hand. It is well known
that whenever condensation of moisture takes place

latent heat is set free, so that when the aqueous vapour
is actively engaged, say, in condensing into the form of

a cloud, it is probable that great supplies of warmth
spring into being. This warmth, of course, raises the

temperatiu-e of the aii% and as the latter becomes
warmed it rises and another form of ascending current

is thereby produced. Such a cru-rent provides the hail-

stone with a means of conveyance to those exalted
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regions it is so advantageous to reach. Probably at the

end of its long journey the incipient hailstone will be

far up in one of the cirrus clouds, surrounded by particles

of moisture frozen by the cold rarefied air into ice

crvstAls. so that in its "new situation the hailstone woiild

find ample supplies of the material so necessary for its

growth.

In such company it is not long before the moisture

on tho atom of dust also freezes. The form which the

frozen moisture will take depends on circumstances, but

there are many possibilities before it. Thus it may

crystallize as a" tiny pellet of snow, or it may take the

shape of an ice crvstal. or It may commence as a snow-

tlake : while in certain circumstances it will simply take

the form of a frozen rain-drop. Any of these shapes

will sen-e as an excellent starting point from which to

commence the earthward journey.

During all the time of its upward joiuncy the force

of gravitation has been steadily pulling at the rising

atom of dust and its load of "moisture. Few things

floating in the air can long resist this imperative call

to return to the earth.

Falling slowly downwards, the motion being slow at

first because the bulk of frozeu moisture is small, the

hailstone at once commences to attract to itself other

particles of frozen moisture. These adhere to it much

in the same way that snow-flakes will adhere to anyone

travelling quickly through a snow stonn ; so that as

tho hailstone pushes its way downwards it grows in

bulk. Moreover, as its weight increases it may happen

that its centre of gravity shifts, and it becomes accord-

ingly of an irregular "shape. This accident indeed

accounts for many of the curious shapes assumed by

hailstones and gives them that peg-top shape which is

so often observed. It is to be remembered also that a

hailstone takes a long time to drop from the clouds to

tlie earth, it being calculated that the journey may often

occupy ten minutes. In this interval most of the trans-

formations occur that produce the full-grown hailstone.

Imagining now the journey to be well started it will

at once be realised that the travelling hailstone will pass

through strata of air that differ vei-y much as regards

temperature and moisture. Some of the air will be
above the freezing point and other layers will be below
it : while it will be no uncommon episode for the

dropping hailstone to plunge sheer through a cloud that
may be many thousands of feet thick. The hailstone

itself, with its heart of ice, is always below the freezing

point, so that any moisture that settles on it is promptly
frozen and forms a girdle of ice around the central

nucleus. An examination indeed of any hailstone shows
that these icy girdles are its most characteristic feature.

It will also be observed that these girdles or zones are

of two kinds, and that they are alternately clear and
opaque. It is these zones that tell the most concerning
the incidents of a wonderful journey, for they are pro-

duced by the different strata of air through which the
hailstone passed, each country, as it were, over which
the journey was made impressing its characteristics on
the flying traveller.

When the hailstone passed through air that was below
the freezing point the moisture that settled upon it was
frozen in the form of a clear zone of ice ; while, on the
other hand, when the air and its contained moisture
were above the freezing point the girdle of ice was
opaque.
A further importa.nt consideration as regards the hail-

stone is that moisture may often be reduced in tem-
perature below the freezing point without actually con-

gealing. It is a common experiment thus to treat

moistiu-c, but it is always found that the slightest

agitation of this cooled liquid at once causes it to

crystallize. When, therefore, the hailstones come pelting

through air in this condition it will readily be under-

stood that the commotion produces a plentiful supply

of ice crystals, many of which are quickly annexed by

the hailstones, which are thereby greatly increased

in size.

The foregoing are the most common conditions that

f;,vour the growth of a hailstone, and it will he concluded

that the essential conditions required ai-e layers of air

of different temperatures. Now it frequently happens

that hail accompanies a thundei-storm or a tornado

;

these two phenomena being veiy neai-ly related. In both

there is an atmospheric whirl, which, in the tornado,

produces a strong wind that is commonly of a destructive

chai-acter. If, then, a hailstone should "be going through

its evolutions in the neighboiu-hood of one of these

storms it stands a good chance of being whirled round

and round in the air, a process that may continue for

a considerable time. This violent treatment, however,

has the same effect as if the hailstone were falling down-

wards through the air, and the result is that it may be

cai-ried again and again through fii-sb a cold stratum of

air and then through a wann one. As already seen

these ai-e the very conditions that favour the growth of

hailstones, and hence it is that hail so commonly

accompanies thiuidei-stonns, toniadoes, and such like

atmospheric disturbances.

The whirling of hailstones through the air cannot,

however, continue indefinitely, for presently they grow

so heavy that they fall in a rattling stream from the

edge of the cloud. Obsen'ation shows that hail showers

often pass across the countiy in parallel lines; but it

will be gathered that this is"owing, as described above,

to the fact that the stones arc ejected from the sides

of the storm cloud and not so much from its centre.

Hailstorms, as a rule, ai-e not of a very large area, and

are much longer than they are wide. The width is

regulated by the dimensions of the cloud, the length

being governed by the distance to which the internal

energy of the stonn lu-ges the stonn-cloud forward.

Hail occui-s more frequently during the day than in

the night, and in summer than in winter. It also falls

more copiously over the land than over the sea, where

it is but rai-ely obsei-ved. Hail, indeed, is a turbulent

child, and it does best in those localities and at those

seasons when the atmosphere is in a variable mood. At
such times the cross cuiTents in the air produce those

eddies which are the most favourable for the growth of

storm-clouds, out of which leap the tornado and the

thundei-stomi. Plains also ai-e more often visited by

hail than mountainous regions, for here again the

atmosphere is more likely to be in an unstable condition

because such exposed ground often varies greatly in its

temperature. Hail, moreover, is rarely met with in the

Arctic regions, thunderstoi-ms being equally rare in this

locality. It is this circumstance, among others, that has

caused some people to give atmospheric electricity a

prominent position in relation to hail formation, and

more especially so because lightning and hailstorms

frequently occur together. Caution, however, is always

necessary when putting electricity forward as a cause,

for to do so is often to explain one mystery by another.

From what has been said it will be gathered that thei-e

are simpler explanations of the flight of a hailstone, and

it is along these more obvious lines that the history of

this interesting phenomenon is nowadays being studied.
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COLLECTING AND PREPARING FORAMINI-
FERA.

By A. Eari.and.

(Continved from ]> 21.)

The rosiiliuini which had been set aside in a jar may now
be treuti'il \<y the " rockiuf; " process, for the sejtaration oC

the ri'iniiinlng Forainiuifera. Taking the ]i)i()to<,'ra[)hic

devclo|>ini,' dish, or a tin tray may be used as a substitute,

enous;h ot the residuum is placed in it to cover the bottom
to a depth of about } inch, and covered with about | inch
of water. If the dish is tlien rocked witli a combined up
and down and circuhir motion, the Foraminif(!ra will rise

in suspension in the water, and by a little careful manipula-
tion may be gathered in one corner of the dish. A sudden
tilt will then empty them with the water into a sieve.

The operation should be repeated with two or three lots

of water, and the material left in the dish will then be
found to consist almost entirely of sand. The material
left in this second sieve, known as " washings," is not so

pure as the " floatings," for it contains a large percentage
of broken forms and shell fragments, coal dust, and other
di'hris. It may be further purified, if desired, by being
dried and " floated " once or twice in the glass jar.

If the floatings thus obtained contain much animal or
vegetable matter, as is sometimes the case, it is advisable
to boil them in a solution of caustic potash. This will not
damage the Foraminifera so long as the boiling is not
carried on too long, and it effectually removes the animal
matter, which otherwise would encourage fungoid growths.
The processes already described are intended for recent

mndy gatherings. When the material is in the form of

dredged mud, it is first necessary to get rid of the finest

particles of this mud, for if the water is turbid it becomes
very difficult to judge the right moment for separating
the floating Forams. The mud should be bi-oken up into

small lumps, about an inch cube,and slowly but thoroughly
dried. It is then placed in a basin and covered with
water, which rapidly breaks it up into a fine mud. Such
specimens as may be observed floating on the surface of

the water may be easily removed by means of cigarette
papers, which ai-e placed on the surface of the water.
The Forams adhere to the papers, which are then carefully

lifted off and dried, the Forams being then brushed off

into a tube. Many delicate forms, which would almost
certainly be broken in the subsequent processes, may thus
be obtaine.i in a perfect state.

The mud remaining in the basin is then washed, a
spoonful at a time, by placing it in a sieve of fine silk

gauze, through which a gentle stream of water from the
tap is kept running until all the fine particles have been
removed. The muddy water should be allowed to settle

in a bath, and the solid residuum then scraped out and
thrown away. The sandy residuum left in the sieve should
then be thoroughly dried, and is then ready for examina-
tion under the microscope, or if desired it may be further
purified by the floating and rocking processes already
described.

Foraminifera occur in marine fossil deposits of all

geological ages, from the Cambriau to PostTertiary dejiosits,

but they are, as a rule, of sparing occurrence until we reach
the Cretaceous period. The harder chalks and limestones
can only be studied by means of thin sections, but the
softer chalks, shales, and clays may be broken up by
drying the material in small pieces, and washing it over a
fine sieve in the manner just described. Floatings are

seldom procurable from fossil deposits owing to the weight
of the specimens, w-hich are generally more or less infil-

trated with pyrites or other mineral matter.
Some chalks and shales which resist the disintegrating

action of water after being dried may be broken up by the

action of a crystallising salt, which has been absorbed in

a fluid state. Acetate of soda has the most rapid action,

but very fair results may be obtained with common
washing soda. The material after being broken up into

small ])cllots is dropped into a boiling saturated solutifin

(iF the salt, and kept at this temperature for a short time to

allow of penetration. The salt is then allowed to cool, and
in cooling crystallises, the formation of the crystals

breaking up the outer layer of the material. On being

warmed the soda dissolves again in its own water of

crystallisation, and the crystallisation is repeated over and
over again until the lumps are broken up. The resulting

mud is then washed in the ordinary way.

The best Foraminifera from the chalk are those obtained

from the interior cavities of hollow flints. They are often

in the most perfect state of preservation, and the chalk in

these cavities being of a powdery nature, they are very

easily cleaned.

The cleaned material should be sifted into varying

degrees of fineness, and each grade kept separately in a

tightly corked tube, noted with locality, date, and any
details as to the species contained in it, which may be

likely to be useful for future purposes of reference. If

the material has been properly cleaned and dried it can

be kept unaltered for an indefinile period, but if jiut away
damp, fungoid growth will quickly set in. This can be

destroyed,and the material sterilisect,by aprolonged soaking

in spirit, the material being afterwards dried once more.

To examine the material under the microscope a picking-

out tray will be necessary. This is made by covering a

slip of card with coarse black ribbed silk, the ribs running
longitudinally along the slip. A thin wooden ledge must
be glued round three sides of the slip to prevent the

Forams rolling oft' when the stage of the microscope is

inclined at an angle. The material is sprinkled over the

slip, and the ridges of silk keep the Forams from rolling

about. The specimens required can tben be easily selected

by means of a fine sable brush, moistened by drawing it

between the lips, and transferred to a jsrepared cell or slip.

The best fixative for mounting Foraminifera is gum
tragacanth, which is almost invisible when dry, being

cjuite devoid of the objectionable glaze which characterises

gum arable. It is also much less subject to variations of

moisture than gum arable, which alternately contracts and
expands with changes of weather, and often fractures

delicate forms. Powdered gum tragacanth should be

iised in the preparation of the mucilage. Put a small

quantity of the powdered gum in a bottle with sufficient

spirits of wine to just cover it. Add a small crystal of

thymol or a few drops of clove oil, or oil of cassia, as an
antiseptic, then fill the bottle with distilled water and set

it by for some hours. The gum will form a thick mucilage,

and mav be used of varying thicknesses according to the

size of the Foraminifera. For most forms it should be of

about the consistency of cream, and it may be used
liberally in mounting, as it shrinks very much in drying.

The same gum diluted to a watery consistency can be

used as a fixative for Foraminifera mounted in balsam.

If the slide is thoroughly dried before the balsam is added
the gum becomes quite invisible.

For very large and heavy Foraminifei'a, seccotine or

some other liquid glue may be used with advantage, gum
not being of sufficient strength to hold them safely.

Many fossil Foraminifera and recent forms from some
localities have the internal chambers filled with mineral

infiltrations, either glauconite or pyrites. These internal

casts reproduce more or less perfectly the shajie of the

sarcode body of the animal. They may be obtained by
decalcifying the specimens with very dilute nitric acid,
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just faintly acid to the taste. To obtain perfect casts the

process must ba carried out very slowly, adding drop by

dro]> to th." watch glass containing the specimen. When
decalcification is comi)lete, the resulting cast should be

carefully removed with a pi])ette, and deposited in a spot

of gum on a slip. They will not stand transference with

a brush without damage. .

KoTE.

—

For particiihtrn regardbty the Distribution of

Material, gee below.

Conducted by M. I.Crp§s.
Pond Ccu.i.K I'lNi .Mumu uv ^t<l^Tll.— Mr. C. F. Rousselet

hii.s arranged to i)roviiie for each month a list of the material

that should be looked for and likely to be found at that period

of the year :
—

PoNi")-i.ii T. Coi.i.EcTiNu IN Fkhriauv.—In the early part ot

the year when the weather is still cold and ponds are covered

with ice, some Infusoria may be found in abundance, particularly

the various species of Vorticella— CurcAesium poliji.inuiii,

Zoothamnium (irbuscnla, Kpislylis ttaricaiis -attached to sub-

merged rootlets.

Rotifera to be looked for in lakes and ponds, particularly

duck ponds.

—

Aiiunien aiulcata, Anuraea cochlearis, Ai'jildnclina

primlnntii and /irii/litirelli, Xntkolca scappa, Poli/arthni ji/ati/p-

terii, l\iii-liliiiiit (lericxa, Synchneta tremuhi. The water plants

having mostly died down, the following fixed forms are found
attached on Anacharis or on submerged rootlets of plants, or of

trees growing near the edge of ponds and lakes :

—

Meliccrla

liiif/fng, Liiiiiiia^ centlophiflli, Slej)li(iii'irei-iiii ciehhnriiii, Flosen-

lariii r.trniila and others, Uecistes criiHldUinna and others.

Two-Si'K,Ki> Fine Ad.hstmknt.s.—At first sight a proposition

that a microscope should be provided with the equivalent of

two fine adjustments, by means of which both an extremely
slow and a rather more rapid movement might be imparted, in

addition to a well-fitted coarse adjustment, would seem to be

scarcely worthy of discussion. Consideration leads one to

believe that it might occasionally be convenient, but actual

working with the fitting itself puts the whole question beyond
speculation.

Any mechanical contrivance which enables those who have to

work rapidly to attain their results with increased facility is

worthy of commendation, and its virtues should be made known.
An interesting ])aper by Mr. Ashe, with illustrations of tbe

methods of application o£ two-speed fine adjustments. a])pe,ars

in the .I'lunuil nf tlie Qiipl.rll Mirmxrupirid Cluh for November.
Reichert, of Vienna, Bad already anticipated the idea by in-

corporating a similar arrangement in his large model microscope,

but Mr. Ashe has rendered piacticjl the fitting of the device to

direct-acting screw fine adjustments of the Continental type,

and. in conjunction with Messrs. R and J. Beck, has neatly

contrived a manner of ap)dying it to such instruments as have a

fine .adjustment, worked by a lever in the liml).

It consists of two concentric milled heads, working respectively

coarse and fine screws, the former being controlled by the up])er

milled head, ami at its point making contact with the lever.

This operates through the lower milled head, which works on
the fine thread, so that without real thought the fingers can
move from one milled head to the other as a quick or slow
motion may be required.

As a two-speed adjustment can be fitted to different classes of
microscopes subsetjuent to manufacture, it is likely that many
workers may feel disposed to have it experimentally added to

their instruments.

I\(KK.\siN(; Effect with the Anm: Ii.ldminator.—The
Abbe Illuminator has for some time been regarded as such an

inferior condenser for all who aspire to accurate work, that little

devices which might render it more efficient have been often

overlooked. When the enormous number of them that are iu

use in all parts of the world is taken into consideration, every

hint regarding them is of importance.

When the edge of the flame is foc;ussed with an .\.bbe Illu-

minator and the back lens of the objective e.xamined through

the tube of the microscope, the black spots, which indicate the

limit of aplanatism, ap|)ear when the iris is hut slightly opened.

If, however, the flat of the flame be used and carefully focussed,

a much larger iris opening can be emploj'ed before the black

spots appear ;
in other words, the efficiency of the condenser

can be very materially increased for critical illumination and a

larger solid cone obtained by using the flat of the flame as the

source of illumination instead of the edge.

FoR.vMiNUFRA.—As notified in the January number, material

is now at the disposal of readers of Knowi.euce who may wish

to practise for themselves the directions given by Mr. Earland

in his article on " Foraminifera.'' There are two kinds— (1)

cleaned shore sand from Bognor, Sussex—" washings " or
" floatings "'—and ('2) uucleaned dredged sand from shallow

water, Barbados, West Indies. It is requested that applicants

for this will enclose a stamped tie-on label addressed to them-

selves, and state which kind of material they wish for.

NOTES AND QUERIES,
ir. .1. F.—I have made inquiry with regard to the American

Styrax Gum Liquidambar Styraciflua, and find that the liquid-

ambar, which is the medium in which diatoms should be

mounted, is almost unprocurable just now, and am told that one

well-known diatom-mounter paid 50 francs for a few grammes
of this medium. Grubler in his catalogue of re-agents, etc.,

includes Styrax solution in 10-gramme or lOO-gramme tubes at

a nominal price.

G. J. Maurice.—The subject of the causation of colorisation

of hair is undoubtedly an interesting one, but I am not

acquainted with any work which deals with the subject scientifi-

cally. You would probably find an opportunity for useful work

if you de.alt with this subject yourself.

/. /•'. Jleiritt.—I have submitted the specimens and your

notes to an expert on these matters, and his reply is as follows ;

—

"My conclusion is that they are Chlnraster ielrarhynehus, hat

they alter very much in form during their circle of life. The
reproduction is by longitudinal fission, and at this time they

develop the eight setase appendages preparatory to fission. I

saw the creature on its side, and on the anterior end with the

flagella equally separated and seeming to curve upwards.

When on its side I saw at the anterior extremity two half-round

projections ; these were (I think preparatory to fission) the

rhynchi or beaks from whence issue the flagella.''

Reader 'if
'^ Kiinirhdiie."—In the January number a brief

reply was inserted to this correspondent. He has since sent a

fair quantity of material found growing in a water supply pipe.

This has been examined by correspondents, who have identified

it as belonging to the Polyzoa and to be I'aliiiVreUa Ehi-eiiherriii.

There are no polypidea, they have all died and disappeared, but

there are winter buds.

Three other correspondents have sent letters with regard to

Paludicella.

One mentions that Prof. Allman's fine Monograi)h of the

British Fresh-water Polyzoa (Ray Society's Publication, 18.56-

1857) is the work to be consulted. Prof. E. Ray Lankester,

in the '.Hh edition of the " Encyclopaedia Britannica," examines

in some detail /'aluilirella Elnenbei-f/ii, which he takes as a type

for comi)arison with the other groups of the Polyzoan class.

The fresh-water groups of the class are also the subject of a

Monograph by M. J. Jullien in the Hull. Sue. Zonl. de France,

Xlli. Further, he points out that " the growths and organisms

which establish themselves in the numerous systems of conduits,

mains, and other closed channels existing in the kingdom, and

used to convey w.iters of very great variety analytically, derived

from sources difl'ering from the superficial to the deeply

subterranean, and delivered under a hundred or two of conditions

which tend to foster vegetative or animal life, or both, would

form a subject for a very extensive Monograph of their own."

The other correspondent gives the following information :

—

" Paludicella is a fresh-water genus of the class ' Bryozoi

'

(Polyzoa), sub-class Ectoprocta, order Gymnolaema, sub-order
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Ctonostoma. It has a circular disc of tentacles, which arc free

niul of one row only. Johnston's ' Brit'sh Zoophytes' is the

classical work on the ' Hyilroida' and ' Molluscoida,' hut if the

inquirer refers to Vol. 6, p. 4'20, of the ' Royal Nat. History,'

he will find an account of ' Paludieella,' together with a

Reotional woodcut of an individual animal."

Correspondents who have assisted in this matter have taken a

considerahle amount of interest in it, and one in particular has

expressed a wish to have further material of a similar character

sent to him for investigation from time to time.

A. If. (Ihiislrr.—There is no special advantage to be derived

from the use of a low-power ol)jective instead of an eyepiece,

but if you wish to experiment further, you will find that you
will do best bj' inverting the objective used as an eyepiece, so

that the light passes through it the reverse way, that is from
the back lens to the front lens. The field will then be equal to

the angle of the objective. The trouble attributed to the Abbe
condenser is in all probability due to the objectives which are

visuallj' corrected, and therefore ])hotographically over-corrected.

Racking the condenser high up has the same effect as shutting

the diaphragm, that is, it utihzes the under-corrected central zone
of the objective and thus produces a better ])hotographic effect.

A light filter, such as the acetate of copper solution referred to

in Knowi.eiii;e, February, 1901, or a GifEord's Screen, would
probably be found advantageous.

ConsiiltaiiU.—An increasing number of correspondents send
material and specimens for identification and naming. It would
be of great assistance if readers who feel able to do so would co-

operate and act as honorary con.'-ultants in these matters. I

shall be glad to hear from such as are willing to assist, with
particulars of the subject they are competent to deal with.

Communications and enquiries on Microscopical matters are

cordially invited, and should be addressed to M. I. CROSS,
Knowledge Office, 326, High Holborn, W.C.

NOTES ON COMETS AND METEORS.
By W. F. Denning, f.r.a.s.

Comet 1900 II. (Boebellt-Bbooks).—In Ast. Nach. 3753, Mr.
J. M. Poor, of Princeton Observatory, N.Y., asks for unpublished
observations of this comet, as he intends to fonqnite a definitive orbit

for it. The comet was independently di-covered on July 23rd, 1900,

by M. Borrelly at Marseilles, and bv Mr. Brooks at Grenera. US. A.,

the former having priority by about five hours. Tl»e object was fairly

bright, with a conspicuous tuil about one degree in length, and there

were two auxiliary tails or fiint off- shoots from the main ray. The
comet became very feeble at the end of September, and parabolic

elements apparently satisfied the observations.

Enckk's Comet.—Though the position of this comet was by no
means favourable at his recent return, some excellent observations

were obtained at various European stations in the mornings of August
and September. In Ant. Nach. 3757, Herr H. Struve, of Eonigsberg,

gives the results of measures obtained on thirteen nights between
August 8th and September 4th, 1901, inclusive. Sig. A. Abetti, of

Arcetri-Firenze,also gives the positions on ten nights between August
9th and 23rd. On August 9th the comet appeared as a faint nebulosity,

without a nucleus, and about one minute of arc in diameter.

FiHEBALL OF Decembee -Ith.—The writer has collected and com-
pared 02 accounts of this brilliant ohjeet, but tlie observations are

far from being satisfactory. The real path deduced from them is

therefore a little uncert«in, so that the exact height of the firebnU at

its first appearance and final disruption cannot be stated with

confidence. But there is no doubt that the approximate elevation

was from about 91 to 50 miles over the English Channel, a few miles

off the coast of Dorset, and that the direction was from W. to E.,

with a slight southerly inclination. The streak of the meteor was from
72 to 55 miles high, and 26 miles in length. Several corres]iondents

refer to a hissing or rushing noise which accompanied the lliglit of

the object, while others say that its passage through the air was
performed in absolute silence. The great niajoi-ity of the observers

heard nothing, and it is obvious that any detonation proceeding from
the disruption of the fireball could not have been heard until several

minutes after the phenomenon had disappeared. In describing the
fireball of September 14th last, brilliantly visible over South Wales,
several of the spectators stated that they distinctly heard a hissiug

sound simultaneously with the meteor's descent. This is, in fact, a
common feature of such observations, but there is no doubt that the

impression is an erroneous one. The rushing noise which accompanies

the flight of a rocket is familiar to everyone's ears, and amid the

s'lrprise occasioned by the sudden apparition of a brilliant rocket-like

meteor, ths imagination is naturally incited to receive a similar

sensation.

FiBKiiALL OF Decembee ICxn.— In the early evening, at 5h. 45m.,

a brilliant meteor was witnessed by .Vlr. W. E. Kesley at London, by
Mr. Jo nson at Bridport, and by an observer at Veovil. At Kridpjrt

the object was estimated to bo a» br ght as the moon in her rjuarters.

It moved slowly and vanished near Venus. As seen from Veovil. the

meteor descended in a path parallel with the moon and Venus, and
somewhat ca^t of them. The object was probably a late Geminiil,

moving from N E to 8.W. over the English Channel, west of Guernsey,
and falling from 08 to 54 miles. The length of path was upjiroximately

51 mdes, and velocity 20 miles per second, but these results are

somewhat unceriain, and it woukI be useful to hear of further

observations.

FiBEBAiL OF December 19th. -At about 0.45 a.m. on this date a

very large meteor was seen in the north of Kngland, but it appears to

have been very inadequately observed. Police-Constable Clarke, of

Haworth, writes to the Scarborough Merciirii that he saw a bright

light, and on looking up noticed a very large body of some kind

travellirg along at about the height of an ordinary mill chimney.
The object was about as big as the largest ship he had ever seen. It

travelled ticm E. to W., and it went out in the neighbourhood of the

seven stars (Pleiades). It was visible for 14 minutes, and left a tail

behind it.

THE FACE OF THE SKY FOR FEBRUARY.
By W. Shackleton, f.r.a.s.

The Sun.—On the 1st the sun rises at 7.4"JI am., and
sets at 4.4G p.m. On the 28th he rises at 6.52 a.m , and
sets at 5.85 p.m. The sun appears to be in a very

quiescent state, and there is quite a dearth of spots.

Towards tlie end of the month the Zodiacal Light may
be looked for in the west shortly after sunset.

The Moon:—
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7 P.M , or more than two hours after the sun ; about this

time the jilanet presents a large crescent of nearly 1'

diameter to a telosoopie view.

Mars is also in Aquarius, but sets shortly after the sun,

and is therefore not suitable for observation.

Jupiter and Saturn are in Sagittarius, but as they rise

only about an hour before the sun, they are iucouveuieut

for observing purposes.

Uranus is in the most southerly part of Ophiuchus near

the stars and i Ophiuchi, and rises a little more than

three hours before the sun ; its great southerly declination,

however, makes it somewhat unsuitable for observation.

Neptune is favourably situated throughout tlie month.

He crosses the meridian at i1.ll p.m. on the 1st, and at

7.23 P.M on the 2Sth. The planet is still on the borders

of Gemini and Taurus, not very distant from 1 Gemi-
norum. The accomi)anying chart should enable it to be

i
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Reprintei) Problem.
By C. D. Lofock ami J. K. Macnioiliiin.

Whith (12).

White mates in three moves.

Solution.

1. B to B4, P to R7.
2. R X P, P Queens.
3. R to Kt8. Q moves.
4. Kt to Kt6 mate.

PROBLEMS.
By P. H. Williams.

No. 1.

Buck (7).

White (7).

White mates in two moves.

No. 2.

Black t2K

White mates in three moves.

CONCLTTSION OF SOLUTION TorRNET.
The tie for first and second prizes between Messrs. Jay

and Johnston has been decided by means of the four-move
problem in the January number, and a special three-move
problem (with two solutions) sent to them by post. The

result was that Mr. JoJinston sent both keys (B to Ksq
and B to H'.i) to tlie tlnve-niover, and three correct keys
(besides Kt to Ki(i, incorrect) to the four-mover, scorin;,'

therefore 15—2=13 points. Mr. Jay sent only B to R:}

(the cook) for the three-mover, and two keys (B to Bl
and R to K.5) for the four-mover, scoring 'J points. After an
exceedingly close strugi^de, Mr. Jolinston accordingly wins
the first prize of one guinea, Mr. Jay obtaining the second
prize, consisting of twelve months' subscription to Know-
LEUGE. Tlie award, as usual, remains open for one mouth.

Owing to want of space, and the fact that details of the

Challenge Trophy have not yet reached me, the publication

of conditions of the ne.xt Solution Tourney is postpone<l

till ne.xt month.

CHESS INTELLIGENCE.

British Chens Magazine.—Three-move Problem Tourney.
Competitors are reminded that entries for this event, for

which valuable prizes have been presented by Sir J. O. S.

Thursby, close, for European competitors, on January 3Lst.

Entries, with motto, sealed name and address, etc., should
be sent to the Problem Editor, 21, Nelson Road, Stroud
Green, Loudon, N. Dr. C. Planck and Mr. C. D. Locoek
have been appointed judges.

The Neu' Cfnt%iry Chess-Book (Sampson Low, Marston &
Co.) is the title of Mr. James Mortimer's supplementary
continuation of his well-known Chess Player's Pocket Book.

Its contents comprise all the most modern lines of play m
the various openings, special prominence being given to

the Rice Gambit, which has the distinction of being the

only opening in which a piece may be sacrificed early

without obtaining a demonstrably lost game. The price

of the book is Is., and there is no reason why it should
not become as popular as its predecessor.

The '•Elsie" Chess-Board and Men (British Chess
Company. Stroud, Gloucester) is made in three sizes,

8x6, 9~ X 7, and lOj x 7| inches, the prices being

respectively 4s., 4s. 6d. and 5s. The board is of stout

varnished millboard, fixed into a covered cardboard box,

with holes for the pegged men, whether in play or

captured. The chess men are of wood and of a good
pattern. Altogether, this is certainly the simplest and
quite one of the best of in statu quo boards.

The latest edition of Mr. Rhodes Marriott's Chess-

Players' .'Vote-Book (Sherratt tt Hughes. Manchester) is

certainly very cheap at Is. It contains 165 pages, bound
in cloth, every page being perforated for detachment.

Part I. consists of 20 diagrams, the reverse sides being

used for recording games or solutions. The bulk of the

remainder consists of game-recorders, with letter-forms to

Chess-Editors, a summary of the resnlts of games, and
space for newspaper cuttings. Mr. Edwyn Anthony's
Notes on the Opposition are also included.

AU mauiiscripts should be addressed t>> the Editors of Knowledge, 326, High
Holborn, London; they should be easily legible or typewritten. Audiograms
or drawings intended for reproduction, should be made in a good black
medium on white card. While happy to cjrsider unsolicited contributions,
which should be accompanied by a stamped and addressed envelope, the
Editors cannot be responsible for the loss of any MS. submitted, or for delay
in its return, although every c-ire will be taken of those sent.

Communications for the Editors and Books for Review should be addressed
Editors.K.NOWLEnftK, !i'2n, Hitrh ilnlhom. London.

For Contents of the Last Two Numbers of "Knowledge," see
Advertisement pages.

The yearly bound volumes of KNOWLEoaE cloth gilt, Sa. 6d,, post free.

Binding Cases, Is. 6d. each ; post free. Is. 9d.

Subscribers' numbers bound (includinir case and Index), 2s. 6d. each volnme.
Index of Articles and Dlustrations for 1891. 1892, 1894, IS95. 1896, 1897, 1S9S,

1899, 1900. and hml can be supplied for .3d. each.

All remittances should be made payable to the PubUsher of " Knowledge.'*

"Knowledge" Annual Subscription, throughout the world,
7s. 6d., post free.
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STUDIES IN THE BRITISH FLORA.
By R. Lloyd Praeger, b.a.

II. -NOTES ON PLANT aEOGKAPHY.
It is A matter of ever^-day observation that the flora of

two udjoiniiig districts is never in all respects identical.

Even if we carefully list the plants growintj in one
nieado'.'?, and compaie it witli the flora of an adjoining,' one,

which, iu respect of size, situation, soil and moisture
appears precisely similarly situated, a certain diversity

will be found. This arises from the fact that plants are

so nicely adjusted to particular conditions of light, tem-
perature, moisture and soil, that differences of these,

almost inappreciable to our observation, will produce a
slight balance in favour of one species as compared with
another. In our meadow the ground is already densely
overcrowded with plants, all of which have through long
competition with their neighbours seized on every device
and habit that will aid tiiem in the struggle, and have
established by force of arms their right to live. Thev all

grow, so to speak, under high pressure, and the least

change of outward conditions which tells in favour of one
species is taken advantage of, and the less adapted plant

goes under. So we can understand that any area of
natural vegetation displays a complicated adjustment as
regards its composition, and that the distribution of the
component s]iecics is tlio inevitable result of a complex
set of conditions, not the effect of chance.

In limited areas, moisture is the dominant factor of
environment which determines the nature of the flora.

If one meadow is marshy and another dry, a greater
change of flora is produced bv this variation than would
result from any other physical difference. Soil is probably
the ne.\t most important factor. When we come to deal

with larger areas, climate begins to assume importance,
till at length, in surveying the vegetation of the globe, we
find climate the grand doiuiaatiug iuHuem-e which gives

to countries and to continents their floral characteristics.

Of the four great Zones of Heat—Torrid or Inter-

tropical, Warm-temperate, Cool-temperate, and Ai'ctic-

Alpine or Frigid— into which the earth's surface has been
divided, our Islands lie in the Cool-temperate, with certain

mountain-tops rising into the Arctic-Alpine. The general

floral characteristics of this zone are the number of

deciduous trees in proportion to evergreens, the number of

herbaceous jilants in proportion to trees, the gregarious

or social character of many of the trees and shrubs, such
as Pine, Oak, Gorse, Heather, which form vast colonies ;

and the abundance of greensward-producing grasses, and
of terrestrial mosses and foliaceous lichens. Compared
with the Tropics, we see in the increase of herbaceous
plants and of deciduous trees, and of hardy low-growing
plants of all kinds, adaptation for the successful weather-

ing of our winter, a climatic change unknown in the

Tropics. As compared with the vegetation of the Arctic-

Alpine zone, the Cool-temperate zone is remarkable for

its forest-trees, which are unsuited for the long, cold,

stormy winters of high latitudes, and for its abundant
annual plants, which under arctic conditions would not

find, during the brief summer, a warm period sufficient for

their growth, flowering and ripening of seed.

To the character of mir climate and vegetation we owe
one of the most delightful features of these countries. On
account of the cessation of vegetative growth during our
winter, the plants, unlike those of the Tropics, have to

compress their jieriod of flowering into a few summer
months ; and it is this, coupled with the gregarious or

social character of the flora, that gives us our lovely

English fields of Buttercups aud Daisies, our glorious

sheets of Golden Gorse and Purple Heather, whic^ we
would iu vain attempt to match amid the heavy luxuriance

of tropical vegetation.

While our British flora is thus relegated in toto to one
of the great climatic floral divisions of the world, it is yet

by no means homogeneous in character. Great Britain

extends over some 700 miles north and south, a range
of latitude sufficient to produce a considerable contrast

l)etween the flora of its opposite limits. A difference iu

annual temperature of over five degrees Fahrenheit exists

between Caithness and Cornwall. But the actual conditions

of temperature under which the British flora exists is far

more varied than this. The requirements of a plant, as

regards temperature, includes two important factors. It

must have heat enough during summer to mature its seed,

and the w'inter temperature must not be so low as to

injure its tissues. The natural limits of a plant's range
are usually fixed by one or other of these conditions,

according as the constitution of the plaut renders the

([uestion of summer maximum or winter minimum
temperature the more important to it. The presence of

large land areas conduces to a wide range of annual
temperature—hot summers and cold winters—aud in

continental areas, therefore, the former class—heat-lovers,
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or //icroKi/j/iiVc*!—find a suitable abode. An insular area,

on the otlior liaud, affected by the comiiarativcly constant

1eni]iorature of the surronndin«j ocean, exhibits a more

cfjuable climate, and hero the second class—cold-fearers,

or /;-i(/o/h<7c«—will congregate. While, in comparison

with most parts of the European continent, the British

' Oh ! to bo in Enjjland

Xow that April's there
"

A tjpical Cool-temperate plant association—B-n-ard-forming

grasses and low herbaceous plants, with groups of deciduous trees.

Isles possess an insiilar climate and a frigofuge flora, we
may trace within our area considerable variation in this

respect. Thus, the east of England, when com])ared with
west, or nmch more with the west of Scotland or Ireland,

has a continental climate. The annual range of tempera-
ture in the eastern counties of England is nearly double of

that which obtains on the west coast of Ireland or the

Outer Hebrides. And another question is bound up with
this one. An insular climate is characterised by a moist

atmosphere, the result of proximity to the sea ; the

continental climate by a drier atmosphere. Plants exhibit

marked profei'ences in respect of aerial moist u it. some
favouring the dampness of an insular climate (hygrophiles),

some the dryness of a continental (xerophiles). In the
British Isles the thermophiles and xerophiles reside largely

in the dry sunny eastern counties of England, while the

frigofuge and hygrophilous species increase westwai'd.

These two groups, in fact, constitute in great measure
H. C, Watson's "Germanic" and "Atlantic" types of

distribution, the one characterised by its increase in the

east, the other in the west of England. As we go north-

wards, likewise, into the colder and wetter regions of

Scotland, the East-England group dies out, and is, in the

extreme north and on the hills, at length replaced by

various species of the Arctic-Alpine flora, which are

essentially hygrophilous, though not frigofuge. These

beautiful little northern and alpine plants arc accu.stoined

to a damp air, little sunlight, and a soil wet yet thoroughly

drained—facts to be remembered in our attempts to grow

them in our gardens.

But there are many species sufiSciently plastic in their

constitution to accommodate themselves to every variety

of climate to be found in Britain. These widely distri-

buted species constitute the "British type" of H. C.

Watson. Some of them even range from the summit of

the highest mountain of northern Scotland to sea level in

the south of England. Most of them are characteristic

members of the Cool-temperate flora.

When we come to consider the flora in greater detail,

wide diversities of vegetation become at once apparent,

and these, as already stated, are due largely to differences of

moisture and soil. On a great turf-bog, for instance, where

the supply of water is equal, and the soil everywhere the

same, an almost absolute uniformity of flora exists, some-

times over thousands of acres. But usually our country

exhibits considerable diversity of flora even within limited

areas—the plant-associations characteristic of meadow,
wood, marsh, stream, and gravelly or sandy wastes, com-
pared with which agreeable variety the uniform, though

often rich and beautiful flora of the veldt, prairie, savannah

or steppe were monotonous. The effect of this diversity of

conditions is that, from the point of view of any one of

the constituent plant-groups, the country consists of a

sprinkling or network of oases set in a desert—an

archipelago, in fact. The major portion of the surface of

our Islands consists of dry ground capable of producing

crops of the plants useful to man, and has, a% a matter of

fact, been tilled for many hundred years. To the effect of

tillage in destroying the natural plant-associations,

reference was made in a previous article, where also the

converse result of man's operations in introducing alien

plants was enlarged upon (pp. 16-19 supra). But the bulk

of the native plants of ordinary soils

—

mesophytes as they

are called, from their requiring a moderate supply of

water— still hold the ground in lessened numbers, and are

widely spread, since the area suitable for their growth
stretches continuously, forming, indeed, the sea in which

the islands of very wet soils or very dry, of very limy soils

or soils devoid of lime, are set. The Daisy, Bramble,
Honeysuckle, and Ribwort Plantain, for instance, spread

continuously over the surface of our country, and easily

avoid the only barriers—the higher mountain-chains

—

which might impede their progress, by out- flanking them.

It is different, however, in the case of hydrophytes and
xerophytes—water jdauts and desert plants. Take the

case of one of the common Pondweeds—say Poftniingcfim

lucenn or rufcscenx. These plants grow in water, and
need this medium continually round them ; their flowers

alone rise above the surface, in order that the good offices

of the wind may be utilized for effecting cross-fertilization.

Lakes are their favourite habitat, they dislike flowing

water, and more still rapid alterations of level, so

that we seldom see them in rivers, or in dams or

reservoirs. How are plants such as these to spread ? The
question may well give us pause. Their seeds* are too

large and heavy to lie borne by the wind, even if

they ripened above the water, which they do not

;

and if entrusted to the stream which presumably drains

* I use the word "seed" in its popular sense-

ot dispersal."

' a one-seeded unit
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the lake, it is a qiipstion whether thcv would reaeh auy
other lake. The Bur-reed, so coiiimon in ponds and
ditches, reijuires less deep and open water than the Pond-
weeds just mentioned ; it is one of the plants of the fringe

that separates the aerial from the subaqnatic tlora. Its

seeds are likewise comparatively heavy, and not possessed

of any special means of dispersal, yet it is a more widely-

distributed plant than its companion the Reed-mace,
which is furnished with innumerable liijht parachute-fruits,

which it disperses annually over the country in tens of

thousands, by the aid of the wind. Tiie Yellow Iris has

very heavy seeds, which cannot easily attain wide dispersal

exce])t by running water. But as a damp meadow provides

a sufliciently wet snbstr.atum for the j)lant's growth, it has

a wi'ler ranire than species which need standing water.

Its terrestrial liabitat, too, brings it into contact with the

larger animals, wliicli in many ways help to scatter seed

of all sorts As to the water-plants before mentioned,

ai|Uatic birds perhaps .assist dispersal more than any other

agoncv. A great variety of seels is mixed with the mud
on the liauks and in the beds of rivers and lakes, and many
have been observed adhering with mud to the feet of

wading birds. Other seeils have hard coats, which allow

tlipui to pass without injury throu;jh tiie alimentary canal

of birds— digestion in birds being extremely rapid. That
the seeds of the marsh and water plants ilo succeed in

crossing the '"deserts "of dry soil that hem them in on

every hand is sufliciently evident; not a lake or pond but

has its subacpiatic association of Pondweeds, Water-
8larworts, Water-Milfoils, Stoneworts, and so on, and its

marginal fringe of Bur-reeds, Bulrushes, Reed-maces, and
aquatii' sedges and grasses. The " islands " of the opposite

kind— v<'rv dry S)>ots—have a more local development.

Tiiey consist of sandy and gravelly wastes, and of rocks.

As j>ointed out in a previous article, some of the rook

plants have taken ailvantage of the wall-building pro-

clivities of msmkind to widely extend their domain; and
mention has been also made of the fact that certain other

xerophytes have followed the narrow strip of tenalde

ground supplied by the liallasting of railways right across

an inhosi)itable clay-covered country. While the lighter

soils and drier climate of the south and east of England
permit of the growtli of many such ])Iants, their numbers
decrease in the more rainy districts, and in Scotland and
Ireland we find the xerophytes aggregated on the sands of

the sea-coast.

Wlien we come to examine the distribution of individual

species, we find that while as regards hnbifat they con-

sistently seek a due amount of water and a suitable soil

and situation, yet their distribution is full of anomalies.

What I mean is that while the occurrence of a certain

plant points to the presence of certain conditions, the

presence of certain conditions does not by any means
necessarily involve the occurrence of the plant. This is

where the historical element comes in. The flora as we
find it now is the result of a long and eventful past.

Species have arrived and departed, have advanced and
retreated, in obedience to overmastering changes in climate

and in the distribution of sea and land. That the bulk of

our present flora migrated hither over a continuous land-

surface atthedoseof the Glacial Epoch, from those southern

parts of Europe which, though mucli colder than at present,

were then free from ice, and aide to support a Cool-temperiite

flora, we may safely assume. In colonising the country,

the more plastic species spread over the land from end to

end. The hardier plants followed the retreating ice

northwards, and found a congenial home in Scotland, and
noi'thern England and Ireland. The sun-loving plants

—

perhaps for this very reason the latest comers—settled

down in the warm and drv eastern counties of England.

The remnants of the pre-existing flora, composed largely of
Arctic-Alpine plants, retired in great part to the moun-
tains. Some strange conditions ajijiear to have existed
along the old western sea-board, whiidi allcjwed traces of
the ancient pre-Glacial flora of southern jilants to survive
in Ireland and the south-west of England.
But even when the heterogeneous elements of the

vegetation had settled down in accordance with the
prevailing (Conditions, there was no pause in the over,

changing order of things.

" Turn, turn, my wlioel ; all things must ehango
To something new, to something strange,

Nothing that is can pause or stay."

Some plants extended their domain
; otliers sank in the

grim struggle for existence. The older forms, presumably
less suited to the new conditions, may well have found
life difficult. Now, when a plant is increasing its area, or
is at the high-water mark of its jirosperity, we may expect
to find its range continuous over the area which is suitable

to its growth, like a pool of water which is enlarging.
But if a plant's dominion is on the wane, and its area
shrinking, it will retreat irregularly, clinging to its

favourite habitats long after it has been swept away
from the .adjoining areas ; its distribution will become
discontinuous, like that of a pool of water which is drying
up, and leaves for a while isolated wet patches in the spots
best able to retain water. Thus it is that our arctic

plants have shrunk back to the mountain-tops, where they
now exist often in a perfectly isolated condition, and cut
oif from all communication witli tlieir former companions,
imprisoned on other peaks. To quote equally conspicuous
instances of iiirreasing species is not easy, as the only
l>lants of the kind which one can see increasing are weeds
introduced by man, and consequently not subject to

natural conditions ; but a glance at the map in the
January number of Knowledge, in which I illustrated

the recent spread of three introduced railway colonists,

will show that even each of these has a continuous range,
and the appearance of having originated from a single

centre of dispersal. Let us look more closely into some
of these ca.ses of discontinuous distribution. The most
conspicuous instances belong to plants of distinctly

northern or southern type. A number of species of the
Arctic-Alpine group, left stranded on our mountain-tops
as the cold of the Glacial Epoch retreated, are now repre-
sented by solitary plant-islets amid the sea of more
southern forms, for instance : Arabis alpina (one spot in

Skye) ; Arenaria ciliata (King's Mountain, co. Sligo)
;

A. ulujinosa (by one rill in Teesdale) ; Saa-ifraga

cernua (Ben Lawers) ; Mvlgedivm. alpimtm (Forfar and
Aberdeen) ; Phyllodoce cnerulea (Sow of Athol) ; Gentiana,
nivalis (Breadalbane and Clova) ; Pinguicula alpina (Skye
and Ross). These are all plants of the high north, or of
the alpine portions of Europe.
The southern plants which form islands are often less

rigidly restricted in their range, since they are low-level
dwellers, and have better opportunity of spreading
liorizontally. Enphorhia hiherna and Saxifraga umbrosa,
for instance, have a wide range along the western and
southern coasts of Ireland, the latter showing its flexibility

by ascending the mountains into the haunt of the alpines.

Pinguicula qrandiflora grows in profusion over great j)art

of Cork and Kerry, an area of several thousand square
miles, ascending like the last to a considerable elevation.

All of these are southern forms. The most striking
instances of these jdant-islands, however, are those formed
by species which have a wide range over the European
continent, and might, therefore, be expected to find, so far
as the all-important factor of climate is concerned, a
suitable home in many parts of our islands. Yet remark-
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able cases of discontinuous distribution are not wautinfj.

Inula salieina, for instance, is sciittcrod ovor the shores and
islands of Lout;h Derfj in Irehmd. Tliou<,'h widely s))road

in Europe and Asia, it is absent, elsewhere in the British

Islands, and furnislies a verv remarkable exainjjle of an

outlier of the kind referred to. Cnrex DavaUimii, widely

spread in Europe, had its only British station at Hath, but

is now extinct there. Cnrex Bu.rbnumii should j)erhaps be

reckoned with the relics of the Glacial flora ; with a vast

ranjje abroad—Antic and Alpine Europe, Asia, America,

and Australia—it is represented in our islands by two
patches, one in Scotland (Argyll), one in Ireland (Lough
Neagh). Other examples of outlyiiig stations of species

widespread in Europe are afforded by Buuifhus avsins

(Cheddar), Selinum carvifolia (Lincoln and Cambridge),
Peiicedanvm officinale (Kent and Essex), Cnicus tuherosus

(Wilts), Phyteuma spicafa (Sussex), Teucriiim Bofrys

(Surrey), Ilerniaria ciliata (Hants), Epipoyum aphyllum
(Hereford). In some of these instances, where the British

habitats adjoin the Channel or the North Sea, they may
perhaps be looked on as lying on the natural margin or

climatic limit of the species ; but in other cases the isola-

tion of the stations ajipears to point to a shrinkage in

the former area of distribution, and a distinct "island"
formation.

It should be pointed out, however, that a plant-island

may mean the very reverse of what has been exemplified
above. A recent immigrant which has secured a hold in

our country is bound, in the earlier stages of its history,

to show a range resembling in its isolation that which has
been described as characterizing the older members of the
flora. To take an instance. The prickly North American
knot-grass. Polygonum sngUtifolhtm, has formed a flourish-

ing colony in wild ground in Kerry. The North American
orchid Spiranthes Eomanzoffiiana, which till quite recently

was in Europe known only in this single station, has a
similar colony in the adjoining county of Cork. Both
are unknown in Great Britain and elsewhere in Europe.
While the latter is regarded by botanists as an extremely
ancient native, the former is looked on as probably a
recent immigrant. The case of this Polygonum is a
particularly difficult one. Usually, the plants introduced
through man's agency show a decided aggregation about
man's works—towns and harbours and cultivated land

;

while the old inhabitants, compared with whom the human
tiller of the soil is a late comer, shrink from contact with
man, and rejoice in thoroughly wild ground.

THE MIGRATIONS OF THE SKYLARK AND
THE SWALLOW-

By Harry F. Witherby, f.z.s., m.b.o.u.

In Knowledge for January, 1901, I called attention to

Mr. W. Eagle Clarke's summary of the migrations of the
song thrush and white wagtail. The Report of the Migra-
tion Committee of the British Association, for 190l,
contains summaries, by Mr. Clarke, of the migrational
movements in the British Islands of the skylark and the
swallow. The facts cleverly elicited and summed up
by Mr. Clarke are so important and valuable that they
stiould be widely known, and I have attempted below to
extract the essence from Mr. Clarke's summaries. The
summaries themselves, however, are so condensed in form
that every word in them is valuable, and the complete
])aper should be read by those particularly interested in

the subject. The committee announce that they are
hopeful, in the course of two years more, of giving sum-
maries of the movements of all the most representative

species of migi-ants. It is dillicult to realize the labour

involved in unravelling from the mass of facts, collected

by means of the schedules supplied to tlie lighthouse

keejjers, a coherent and orderly account of the migrations

of any single species. But Mr. Clarke, on whom has
fallen the entire burden of this work, by long labour and
well-considered methods has been most successful, and is

much to be congratulated on having traced and set forth

very clearly and succinctly the intricate migrations of

birds as observed in the British Islands.

THE SKYLARK.
The skylark is so common in England all the year

round, that few people would suspect it of being a great

wanderer. Yet as a migrant, no species makes su great

a show in the returns of the light stations, and the

complexity of its movements surpasses that of any other

British bird. Mr. Clarke has separated these various

movements as follows :

—

In autumn

—

(1) Certain skylarks which have nested heie leave

for the south.

(2) Others come from Central Europe to winter

here.

(3) Others again arrive from Northern Europe to

winter in our country.

(i) Others pass along our coasts on their way fi-om

Central Europe to Southern Europe.

(5) While others us9 our coasts as a highway on
their journey from Northern to Southern
Europe.

In the spring all these movements are reversed.

In winter, if there is severe weather, many birds leave

us, and a number of more or less local movements take
place.

To deal fii-st with the home-bred birds. Although a
great many of the skylarks which breed in the British

Islands undoubtedly live with us all the year round, great
numbers of them are strictly migratory. The emigratioL*
of British-bred birds commences almost as soon as the
nesting season is over, when skylarks begin to depart from
the Hebrides. The migration continues to gain in

strength as the autumn advances, and by September and
October the skylarks which nested in Scotland and in

many parts of Ireland, and the north of England, joiu'ney

to the coasts in small bands, and make their way leisurely

southward, to winter some in the southern and western
counties of England, others on the Continent. During
March and April these home-bred birds return.

Though a considerable number of skylarks thus leave

us in autumn, their departure does not materially affect

the abundance of the species, since prodigious numbers,
from Central and Northern Europe, come to winter here.

Indeed, so vast are these numbers, that in November,
when most of the migration has ceased, our skylark popu-
lation is undoubtedly at its maximum. It must be
remembered, however, that at this time cold and want of

food has not decimated them, and the skylark being
regularly double-brooded, and often rearing even three

broods in a season, increases in numbers in a marked
degree in autumn from this cause.

The immigration of skylarks to the British Islands from
Central Europe in the autumn is one of the most remark-
able movements connected with the migrations of this

bird or, perhaps, of any other British bird. It has been
laid down as a principle of migration, that birds invariably

move southward in autumn and northward in winter, but

* Tlie terms " oiiiigration " and " iiumignition " here used refer

to tlio migration from and to tlie British Islands.
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in this ujii;nitioii of the skvlark from Central Euroi)o. the

birds proceed westward and j)Ossiblj northward from tlieir

breeding grounds to reach their winter quarters. This

immignitiou begins usually at tho end of September,

reaches enormous proportions in October, and practically

ceases at the beginning of November. The birds striice

our east coast in extended formation, reaching from the

Humber, and even the Tees, to the south coast. Some idea

of the magnitude of this influx may be gathered from the

fact that in four years out oi the eight covered by the

enquiry, skylarks were observed to arrive by this route

on over twenty days in each October.

An interesting fact in connection with the immigration
from Central Europe is, that the passage across the North.

Sea is invariably performed in the day-time, the birds

arriving from dawn until noon. Mr. Clarke does not

make it quite clear whether the whole journey is sometimes
performed in daylight or not, but since all important
migrations are begun in the evening it seems that these

birds have been travelling all night. Sometimes, however,

they do not arrive before 3 p.m., and then the very rcmark-
alile, but not very uncommon, spectacle may be witnessed

of two streams of birds of the same species migrating iu

opposite directions. For at this time in the afternoon our
home-bred skylarks are starting on their journey to their

winter quarters on the Continent, and their line of flight

is actually crossed by the skylarks coming from Central

Europe.
The coast, however, is not the ultimate destination of

these travellers. On their arrival they disperse in various

directions. Many intend to spend the winter somewhere
iu our islands, and of these some go inland and scatter

over the eastern, southern and midland counties of England,
but the majority proceed southward along the east coast

and then westward along the south coast. Arrived at

Land's End, many continue on a westerly and northerly

course and so reach Ireland. Largo numbers of these sky-

larks, however, are merely birds of passage with us, and
on arriving in the west of England, they cross the channel

at various points to the French coast.

The return of these birds to their breeding haunts
iu Central Europe in the spring comes very little under
observation compared with the inflowing streams iu

autumn. The reasons for the want of observation are easily

explained. To begin with, the number of skylarks has

been eni>rmously lessened V>v the ravages of winter as well

as by the dangers of the long journeys. Then the birds

set out from the coast in the evening, and on starting rise

to such a height that they are seldom attracted by the

lanterns of the lighthouses as they are when descending as

they near the coast. But enough observations have been
recorded to show that the return is made on much the

same lines as the arrival, and that the movement begins iu

February and is continued until the end of March, the

28th being the latest day recorded.

There is yet another perfectly distinct migration of the

skylark to be observed in Great Britain. This movement
is concerned with the birds which summer in Scandinavia
and seek our shores iu autumu. The vanguard of these

northern skylarks arrives very punctually in the first week
in October, ami the whole migration is usually compressed
into four weeks, so that, as a rule, it ceases early iu Novem-
ber. By this route, again, enormous numbers of skylarks

reach our shores, but they strike the coast further north
than those from Central Europe. Some ])ass down the

coast, and leave us for warmer dimes, but the majority
disperse themselves over our islands, some reaching the

Hebrides and replacing the home-bred birds which have
already left their summer haunts. In mild seasons,

during the third week in Februarv, the birds begin to

return to the north by the routes taken in autumn, and
throughout March, especially after the middle of the
month, there is much evidence of their departure.
The above-mentioned movements of the skylark (viz.

:

Emigration of home-bred Iiirds ; immigration of winter
visitors and birds of passage from Central Europe

;

immigration of winter visitors and birds of passage from
Northern Euro]5e ; and the return journeys) are those of

a strictly migratory character which have been observed
in the British Islands ; but reference must be made to

other niiivi'incnts, which depend entirely on the state of

the weather. The skylark obtains the whole of its food
on the ground, and hence a fall of snow or a prolonged
frost drives it to change its quarters. Should the cold be

of short duration, the movements of the skylarks are

merely locil. and the birds soon return to their former
haunts. Should, lujwever, the adverse conditions continue

and become general, the movement becomes widespread
and almost universal. " This effect," says Mr. Clarke, " is

especially ]>roduced by great snowstorms, when the

number of fugitives is so vast that people wonder wh<'ie

such prodigious multitudes can come from, as they throng
towards the coast, and particularly the milder siuth-west

coast of England .... though many undoubtedly
cross the Channel and others proceed to Ireland."

THE SWALLOW.
The familiar Swallow may be taken as a typical example

of a summer resident in the British Isles. Although its

migrational movements in this country are much more
simple and more easily followed than those of the skylark,

it must be borne in mind that the birds which migrate to

and from our shores are not all summer residents. Some
of them are merely birds of passage passing through on
the way to their breeding stations in Northern Europe.

The winter quarters of the swallow are known to be in

Africa, chiefly to the south of the Great Desert.

In dealing first with the spring immigration of swallows,

which come to breed in this country, it should be stated that

Mr. Clarke's material is so complete that he is able "to
speak with authority as to the date of the swallow's

successive arrivals on our shores, and also to trace with

some degree of acciu'acy its gradual spreading over the

couritry, which has hitherto been a desideratum."

A few solitary birds annually appear in March, but it is

not until April that the vanguard of the host arrives.

These early arrivals are either single birds or pairs. About
ten days after the first comers, swallows appear iu some
numbers, and the influx proceeds throughout the rest of

April and the first half of Maj'. Those which arrive later

are birds of passage proceeding to higher latitudes.

The first arrivals appear at different dates in different

parts of our islands, aud the appearance of swallows on the

western seaboard, not only of the South of England but

also of Scotland, is always some days in advance of their

arrival on the east coast. Mr. Clarke has drawn up
the following table of first arrivals: For south-western

England, the beginning of the first week of Ajiril ; for

Ireland the end of that week ; for south-eastern England,
early in the second week; for south-western Scotland, the

end of the same; for south-eastern Scotland, the middle of

the third week; for northern Scotland, the fourth week;
and lastly, it is not till the second week in May that the

few swallows which resort to Orkney reach their des-

tination.

As regards the manner in which the migration is per-

formed, Mr. Clarke writes :
—" Swallows are described as

airiving on our southern shores during the day-time,

chiefly in pairs, but sometimes as many as six or seven

together, aud flying low over the sea. The immigration
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lasts most of the day ; but they arc also noted as fomm;:;

iu small parties, flock after floclc, for several hours in

succession, and imaccompanicd by any other kind of birds.'

In the last week of Au;,'ust there is a decided southward

movemeut of the swallows in Scotland and the North of

England, while in Ireland there is a movemeut to the

coast in Au<j;ust. There is no evidence that these birds

actually quit the country, and they jn-obably wait some

time iu the southern counties before crossing the Channel.

In Se]>tember the southern movement becomes general

throughout the country, and in the early days of that

mouth the swallows begin to cross the Channel. The

emigration reaches its maximum near the end of Sep-

tember, and by the middle of October it is practically over

as far as Scotland and the north of England are concerned.

But the swallows continue to leave the south if England
until the middle of November, while stragglers are often

seen later, especially in the south-west. A December
swallow, however, is a very rare occurrence.

The swallows depart iu much the same way as they

come, excej>t that they are, of course, more numerous, and

they leave in perhaps larger bands. As far as it has been

observed, the " emigration usually takes the form of the

continuous passage of small parties, not exceeding a score,

and as this may last for hours, vast numbers thus depart."

Swallows have, however, been observed " on the south

coast to assemble in thousands and fly away en ma8sc,hnt

this is only occasionally recorded." It seems that in some
cases old and young birds migrate separately, and iu others

that they are proportionately mixed. The time of day
at which they migrate is also varied. Swallows cross the

English Channel by many routes, although there are

certain much-used points of departure.

Little need be said about the swallows which visit us on
their passages to and fro from the countries to the north

and south of us. In the spring this migration sets in at

the end of April, reaches its maximum about the middle
of May, and may be prolonged until nearly the middle of

June. Many of the earlier of these migrants reach our

coasts iu company with our own swallows. The migration

is almost entirely confined to the east coast, and the North
Sea is crossed before the northern limit of the mainland
is reached. A few swallows may reach Northern Europe
from the west of Scotland. After spending the summer in

Scandinavia these swallows begin to return with their

young along our east coasts on their way to Africa, iu the

middle of Sej^tember. The passage is well maintained
during the rest of the month, and is jirolonged by a few
birds to the first or second week in October. On their

arrival on our shores these birds mix with our own
swallows, and trace is lost of them, but it is more than
likely that our milder climate induces many of them to

linger, and if this is really the case, the lateness of migra-
tion on the east coast, as compared to that on the west
coast, would be accounted for.

It will be seen from the foregoing brief summary, that

Mr. Clarke has now jjut us into possession of a very com-
plete history of the migrations of the skylark and the
swallow, as observed in the British Islands. Beyond
their intrinsic value and their great interest, such clear

statements of facts will go far to solve the many im-
portant problems connected with the migrations of birds.

LIKE AND YET UNLIKE: THE FLYING-
SQUIRRELS OF ASIA AND AFRICA.

By R. Lydekker.

Despite the repetition of the statement as to their

essential structural difEerence iu almost every work on

popular natural history issued to the public, few persons,

save those who have made anatomy a special study, can

be induced to believe tliat swallows and swifts are not

closely allied birds. And it may be presumed that an

e(jual degree of incredulity will prevail in the minds of

most i)eople when they are told that the two animals whose

portraits are given in the ]>late accomjninying this article

have no sort of intimate relationship, being in fact much
more widely sundered from one auother than are such

apparently dissimilar creatures as a squirrel and a beaver.

An instance of this incredulity has indeed been actually

published with regard to the animal shown on the right

side of the plate, which is one of the so-called African

flying-squirrels, or, as they might be better termed, scale-

tailed squirrels. Now this particular species of the group

was sent home from Central Africa by Emin Pasha in the

eighties, and described and figured under the name of

Anomalurue pusillus by Mr. Thomas, of the British Museum,
in 1887 and 1888. Three years later his figure (the one

here reproduced) appeared in Major Oasati's " Ten Years

in Equatoria," with the following remarks :

—

"The flying squirrel (Mboma) lives iu the forests, almost

always upon the branches of the trees, whence it throws

itself, expanding the membrane which joins the feet to the

body, like a parachute. The skin is used as an ornament.

I think it is identical with one very common in the Island

of Ceylon, which is almost tame."

The extraordinary misconception as to the affinities of

the creature displayed in the last sentence of this quota-

tion will be apparent when we say that the scale-tailed

squirrels—whether furnished with a flying-membrane or

not—are absolutely restricted to Equatoi'ial Africa, where

not a single representative of the true flying-squirrels of

Asia and Europe exists.

The reason why these two very dissimilar groups of

animals are regarded in popular estimation as closely allied

is, of course, due to the fact that both are furnished with

expansions of skin by means of which they are enabled

to take flying leaps from bough to bough. Such flying-

membranes are developed in very few mammals, and the

popular idea is that the presence of such a membrane
must necessarily imply intimate affinity between all the

forms in which it occurs. Hence not only are the African

flying scale-tailed squirrels associated with the typical

flyiug-sciuirrels, but the stUl more widely-separated flying-

phalaugers of Australasia are likewise regarded as members
of the same grouj).

In making such associations the public fail to recognise

that similar structures may be produced iu totally different

groups of animals owing to their living under similar

special conditions, or having peculiar habits of the same
nature. In external appearance rodents belonging to

different families, such as squirrels aud dormice, may be

very much alike ; and if cei'tain members of each grouj)

had acc|uired the same mode of Ufe as the flying-squirrels,

their similarity would probably have become still more
noticeable. For unless the whole skeleton of the fore-

limbs be so modified as to form a wing, as iu bats, it is

difficult to see how ordinary mammals could be endowed
with the power of taking flying-leaps save by the develop-

ment of an expanse of skiu along the sides of the body in

the manner which obtains in the true flying-squirrels, the

scale-tailed flying-squirrels, the flying-phalangers, aud, it

may be added, the flying-lemurs.

The development of flying-membranes in all these four

groups of mammals has, iu fact, taken place quite inde-

pendently, and affords an interesting example of what is

knowu as parallelism iu development. Such parallelisms

are due, so to speak, to the poverty of possibilities iu the

way of modification of auimal structures. As akeady
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8;iiJ, the siin]ili'St uud lUDst obvious way of L-udowinji; au
ordinarv four-limbed luauiiiial with the power of takiu-jf

fl_vinj,'-ieai>s i.s by the develoiiuieut of lateral expansions of

skin. Similarly, the only easily conceivable method by
which a jirimitive short-liiubed and many-toed hoofed

uuinunal could bi- eonverted into one cut out for sj)eed,

like a hoi'se or a i;azelle, is by reducing the number of the

dii,'its and iuereasin-; the leiiLTth of the lower .seL,'meuts of

the limbs. Accordingly, we find parallelism in this

resjK'ct between the horses and the zebras on the one
hand, and the gazelles, autelojx's, and deer on the

other.

But the parallelism is by no means enact in this latter

case, as indeed would be naturally expected if tlie lines of

evolution were distinct ; and the structure of the lower

portion of the limbs of a horse differs essentially from the

same part in a ga/.clle.

Neither is the parallelism exact in the ease of the two
groups of tlying-sipiirrels. In the flying-squirrels of

Europe and Asia, such as the one deincted on the left side

of the plate, the flyiug-membraue, or parachute, is merely

a lateral expansion of the ordinary skin of the body, which
ext*'nds outwards between the limbs and termiiiatfs at Ihe

wrist and aukle. In addition to the two lateral mem-
branes, there is a mirrow aud inconspicuous one passing

from each cheek along the front of the shoulder to the

front of wrist ; aud another, at least iu the larger forms,

connecting the twohiud-legs aud involving the base of the

tail.

In general characters the parachute of the scale-tailed

tlying-siiiiirrels of Africa conforms to the above type; aud
a superficial observer might say that the two were in all

respects similar. A closer examination will, however,

reveal the fact that the )iarachute in this group is siip-

))orted by a jnocesa of cartilage projecting like a yard-arm
from the ellww and extending to the edge of the mem-
brane. As this is present in all the flying scale-tails (as

we may c-all them for short, especially as they have no
right at all to the title of squirrels) and absent in all the

true tlyiug- squirrels, it evidently indicates an important
difference between the two groups.

A further important distinction between them is afforded
by the presence on the under surface of the basal portion

of the tail of a series of overlapping horny scales, from
which the African group takes both its popular title

of scale-tail, and its scientific name of Anomaliirus.
Evidently these scales are intended to aid iu supporting
the animals as they climb the boughs or stems of trees,

and are thus strictly analogous to the stiff tail-feathers of

woodi>eckers.

Another important difference between the two groups is

to be found in the structure of the crowns of their cheek-
teeth. In ordinary squirrels the grinding surfaces of these

teeth are surmounted by simple tubercles, which in some
causes may be elongated into ridges. And a similar type
of tooth-structure obtains iu most of the flying-sijuirrels

of Europe and Asia, although iu the species shown in the
plate the structure has become somewhat more complicated
owing to the taller crowns of these teeth. In the scale-

tails, on the other hand, a totally different type of

tooth-structure obtains, the crowns of the molars being
divided by transverse folds of enamel, after a fashion
recalling th;it which obtains in certain South American
rodents.

To the anatomist these differences are sufiicient to render
it (piite certain that the scale-tailed flying-squirrels are, at
most, but very remotely coiniected with their uon-scaled
namesakes of the northern hemisphere. The uou-scientific

person might, however, say that the "yard-arin" in the
parachute and the scales on' the tail are features which

have been develoj>ed concomitantly with the acquisition of

the jiarachute itself in certain species of flying-squirrels,

and that, like the difTereuces in the structure of the teeth,

are of no particular importance one way or the other in

regard to the affinities of the animals in which they

occur.

A few years ago it would have been impossible to pro-

duce absolutely decisive evidence as to the futility of such

specious arguments. Recently, however, there has been

discovered on the west coast of Africa— that home of

strange and primitive types of animal life—a rodent

looking not unlike a large dormouse, which is really the
" grandlathiM- " of all the flying scale-tails. For this

creature (known as ZitilcereUa), although without a para-

chute, has scales on its tail like Anomaliirus, and teeth

of the same type as the latter. Whether it is the actual

form from which the flying scale-tails are descended, or

whether it is itself a descendant of such ancestral form,

may be left an open (piestiou, as it is one of no practical

importance. But it may be taken as certain that the

flying scale-tails, of which, by the way, there are two

distinct generic types (Anomalurus aud Idiurus). are the

specialised descendants of a creature closely allied to, if

not identical with, Zenlcerella. It may further be affirmed

with certainty that the evolution of the flying from the

non-flying scale-tails has taken place in Africa. Whether,

however, Zenkerella itself is au aboi-iginal African type,

or au immigrant into the dark continent from the

north, is a question not easy to answer at the present

time.

Although the flying-squirrels of Europe and Asia have

been known from time immemorial, their pedigree is not

so easy to trace as is that of the scale-tails. Probably

they were evolved from uou-flyiug squirrels at au earlier

date than that at which Anomaliirus branched off from

Zenkerella (or its prototype), as they appear to be repre-

sented by teeth in some of the earlier Tertiary deposits of

Europe. It is therefore quite probable that even the

generic types from which they trace their descent have

died out. Nevertheless, it may be considered practically

certain that they are descendants more or less nearly allied

to the true squirrels of the genus Scmrus. Their pedigree

is therefore wholly distinct from that of their reputed

cousins the scale-tailed flying-squirrels of Equatorial

Africa.

In appearance the true flying-squirrels, of which there

are three distinct generic types, are very similar to

ordinary squirrels, as indeed they are iu their habits
;

their long flying leaps, during which they half float in the

air by the aid of the parachute, being only an extension of

the bounds taken by the ordinary red squirrel in its

passage from tree to tree. Many of them are even more
beautifully coloured than ordinary squirrels. Compared
with the latter, flying-squirrels are more strictly nocturnal

animals ; and their shrill scream is familiar to all travellers

in the wooded districts of the Himalaya as they are

attracted by the light of the camp-fire.

The smallest members of the group are the pigmy
flying-squirrels, typified by Sciuropterus volans of Eastern

Europe aud Siberia, aud represented iu North America
by the closely allied .S'. voliicella. They are pretty little

creatures, with soft velvety fur, and enormous staring

black eyes. In all the pigmy flying-squirrels the mem-
brane connecting the hind-legs aud the base of the tail is

absent ; but, in compensation, the tail itself is broad, flat,

and laterally expanded, so as to form an eflicient aid in

flight.

The typical and larger flying-squirrels, formerly known
as Pteromys but now called Petaurista, are confined to

Europe aud Asia, having no transatlantic representative!
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Unlikt' that of tlie piginy flyiug-squinvls, tlic tail of tlicsc

rodents is cylindrical and coni]Minitivt;ly thin, vvliili", as

already said, the parachute is fully dcvdcipcd between tln'

hind legs.

In the last and finest representative of all the tiyiiiK-

squirrels—the species shown on the left side of the accom-

panying plate—the writer has a special personal interest.

About the year 1878, when in Sriuagar, Kashmir, he

purchased the skin of a large flying-squirrel from a

rhamra- walla (tanner), who stated that it came from
Aster or Gilgit, and that he had never previously seen its

like. In due course this skin was brought to England,
and converted into a perambulator-rug, in which cajiacity

it was in use for several years, on one occasion narrowly

esca])ing complete destruction by the jaws of a favourite

]iug-dog. At this period, it may be mentioned that the

writer was less well acquainted with mammals, so far as

their exteriors are concerned, than he is at the present

day. And although he had a suspicion that the skin in

question was ])eculiar, no steps were taken to ascertain

whether this was really the case. One day, however, in

1888,when paying a visit to the Natural History Museum,he
was shown a living flying-squirrel from Astor, remarkable
for its dark colour and bushy tail, which was pronounced
to rejiresent a then unknown species. A brief inspection

was suflicient to render it evident that the skin serving as

a perambulator-rug belonged to the same species as the

living animal, although a much larger and finer individual.

It was soon after presented to the Museum, and described,

in conjunction with the complete specimen, not only as

the type of a new species, but of a new genus, under the
title of £upefaurus cinereus. Owing to the splendid
development of the tail in the flat skin, the figure of which
a reproduction is given on the left side of the accompanying
plate wa;S partly drawn from that specimen.
The main reason for making the woolly flying-squirrel

(as, from the nature of its coat, it has been called) the

tyi)e of a genvis by itself is afforded by the characters of

its cheek-teeth, which differ from those of other members
of the grovip by their tall crowns and imperfectly developed
roots. This character indicates greater specialisation than
the ordinary flying-squirrels. Unfortunately little or

nothing is known as to the life-history of this splendid
representative of the flying-squirrels, but there is some
reason to believe that it dwells, at least to a certain extent,

among rocks, rather than in trees.

Although they do not properly come within the scoi)e

of the present article, a few words may be said with regard
to the flying-phalangers (the flying-squirrels of the
colonists) of Australia, since in one respect they present
a curious analogy with the flying-squirrels of the Old
World. It need hardly be said that these Australian
flying-jjhalangers are true marsupials, with a dentition
resembling that of the ordinary phalangers, or, as thev
are locally called, opossums. The larger flying-phalangers,
which constitute the genus Petaurus, are characterized by
the full development of the parachute and the rounded
bushy tail. As in the case of the Asiatic flying-squirrels,

we are unable to point out the non-volant type of
phalangcr from which they are descended.
On the other hand, the beautiful pigmy flying-phalanger

(AcrohntfiH), which differs from the larger forms by the
scantier development of its parachute, as well as by its

tail being formed after the type of a feather—that is to
say being flattened, with a line of hair along each edge

—

is evidently descended from the non-flying feather-tailed
phalangcr (Bistcechurm), or the immediate ancestor of the
latter. In this case, therefore, we have an exact parallelism
to the descent of the flying representatives of the scale-

tails from the non-flying Zenherella.

THE LUCID STARS.
By J. E. GOKE, F.K.A.S.

The term " hicid " has been applied to the stars visible to

the naked eye, without optical aid of any kind.* Many
peoph- think that the number of stars visible in this way
is very large. But in reality the number visible to the

naked eye is comparatively small. Some ])ersons are, of

course, gifted with very keen eyesight—" miraculous

vision" it is sometimes called—and can see more stars

than others ; but to average eyesight the number visible in

this way, and which can be individually counted, is very

limited. The famous Hipparchus formed a catalogue of

stars in the year 127 n.c. This presumably contained all

the most conspicuous stars he could see in his latitude,

and it includes only 1025 stars. Al-Sufi, the Persian

astronomer, in his " Description of the Fixed Stars,"

written in the tenth century, describes the positions of

only 1018 stars, although he refers to a number of other

faint stars, of which he does not record the exact places.

Pliny thought that about 1600 stars were visible in the

sky of Europe.
In modern times, however, a considerable number of

fainter stars have been recorded as visible to the naked

eye. The famous German astronomer, Heis, who had keen

eyesight, records the positions of 3903 stars north of the

Equator, and 1040 between the Equator and 20 degrees

south declination, or a total of 4943 stars between the

North Pole and 20 degrees south of the Equator. This

would, I find, give a total of about 7366 stars for both

hemispheres if the stars were equally distributed. Behr-

mann, in his Atlas of Southern Stars, between 20 degrees

south declination and thi; South Pole, shows 2344 stars as

visible to the naked eye. This would give a total of 7124

for both hemisjdieres. The actual number seen by Heis

and Behrmann in both hemispheres is 4943 + 2344, or

7287 stars. The Belgian astronomer, Houzeau, published

a catalogue and atlas of the stars in both hemispheres,

made from his own observations in Jamaica and South

America, and finds a total of 5719 stars in the whole sky.

As all these observers had good eyesight, we may take a

mean of the above results as the total number visible to

the naked eye in the whole star sphere. This gives 6874

stars, or in round numbers we may say that there are

about 7000 stars visible to average eyesight in both hemi-

spheres. This gives, of course, about 3.500 stars to one

observer at the same time at any point on the earth's

surface.

As the whole star sphere contains an area of 41,253

square degrees, we have an average of one star to six

square degrees. In other words there is, on an acerage, one

lucid star in a space equal to about thirty times the area

covered by the full moon ! This result may seem rather

sui'prising considering the ajiparently large number of

stai-s visible to the naked eye on a clear night, but the

fact cannot be denied. The stars are not, of course,

equally distributed over the surface of the sky, but are

gathered together in some places, and sparsely scattered

in others, and this may perhaps help to give the impres-

sion of a greater number than there really are.

That the stars are of various degrees of brightness was
recognised by the ancient astronomers. Ptolemy divided

them into six classes, the brightest being called first

magnitude, those considerably fainter the second, those

much fainter still the third, down to the sixth magnitude,

which were supposed to be the faintest just visible to the

naked eye on a clear moonless night. Ptolemy only

recorded whole magnitudes, but Al-Sufi, in the tenth

Except concave spectacles used by short-sighted persons.
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century, divided these maguitudes, for the first time, into

thirds." Thus a star sliij;iitly less than an average star

of the second magnitude he called 2— 3, that is nearer in

brightness to 2 than to 3 ; one a little brigliter than the

third he recorded as 3—2, or nearer to 3 than t<> 2, and so

on. This method has been followed by Argelander,

Behrmann, Heis, and Houzeau, but in the photometric

catalogues of Harvard, Oxford, and Potsilaui, the magni-

tudes are measured in decimals of a degree. Tliis has

been found necessary for greater accuracy, a.s the heavens

contain stars of all degrees of brightness.

The term " magnitude " means the ratio Ijetween the

liifht of a star of a given magnitude and that of anotiier

exactly one magnitude fainter. Tliis ratio has been

variously estimated by different astronomers, and ranges

from 2155, found by Johnson in 1851, to 306, assumed by

Pierce in 1878. The value now universally adopted by

astronomers is 2-512 (of which the logarithm is 0'4).

This number is nearly a mean of all the estimates made,

and agrees witli the value found by Pogsou in 1854 by

means of an oil flame, and by Rosen with a Ziilluer photo-

meter in 1870. It simply means that an average star of

the first magnitude is 2512 times the brightness of a star

of the second magnitude; a star of the second, 2-512 times

brighter than one of the third, and so on. This makes a

star of the first magnitude just lUO times bright^'r than

one of the sixth.

There are seveiul stars brighter than an average star of

the first magnitude, such as Aldcbaran. These arc Sirius,

which is nearly 11 times brighter than Aldcbaran (accord-

ing to the revised measures at Harvard) ; Canopus, the

second brightest star in the heavens, and about two

magnitudes brighter than Aldebaran ; Arcturus. Capella,

Vega, Alpha Centauri, lligel, Procyon, Alpha Eridaui,

Bet;i Centauri, and Alpha Orionis. Al-Suti rated 13 stars

of the first magnitude, visible at his station in Persia, and
Halley enumerates Iti in the whole sky. According to the

Harvard photometric measures, there are 13 stars in both

hemispheres brighter than Aldebaran, which is rated 107.

As average stars of the different magnitudes the follow-

ing may Ix' taken as examples, derived from the Harvard
measures: First magnitude, Aldebaran and Spica ; second

magnitude, /3 Aurigai and /3 Canis Majoris ; third magni-

tude, I Aurigaj and /? Ophiuchi ; fourth magnitude,

$ Herculis and i Draconis ; and fifth magnitude, p Ursaj

Majoris and m Sagittarii. Stars of about the sixth magni-

tude are, of course, numerous, and lie near the limit of

naked-eye vision for average eyesight, although on clear

moonless nights still fainter stars may be " glimpsed " by

keen-eyed ol>servers.

The stars have been divided into groups and constella-

tions, now chiefly used for the purpose of reference, but

in ancient times they were associated with the imaginary
figures of men and animals, etc. The origin of these

constellation figures is doubtful, but they are certainly of

great antiquity. Ptolemy's constellations were 48 in

number, but different writers from the first century B.C.

give different numbers, ranging from 43 to 62. Bayer's

Uranometria, pul)lished in 1603, contains 60, 12 new
constellations in the Southern Hemisphere having been

added by Theodorus to Ptolemy's original 48.

The figures representing the constellations were originally

drawn on sf)heres, or celestial globes as they are now called.

The ancient astronomers attributed the invention of the

sphere to Atlas. It seems certain that a celestial sphere

was constructed by Eudoxus in the fourth century b.o.

Strabo speaks of one made by Krates about the year

130 B.C., and according to Ovid, Archimedes had con-

structed one at a considerably earlier period. None of

these ancient spheres have been presei-ved. There is, how-

ever, in the Vatican a fragment in marble of a Greco-
Egyptiiin i>lanisphere, and a globe in the museum of

Arolsen, but these are of much later date. Our know-
ledge of the original constellation figures is derived from
the accounts given by Ptolemy and his successors, and
from a few globes which only date back to the Arabian
period of astronomy. Among the Arabian globes still

existing the most famous is one made of copper, and pre-

served in the Borgia M useuni at Velletri in Italy. It is

supposed to have been made by a person called Caisar,

who was executed by the Sultan of Eygpt in a.d. 1225.

The most ancient of all is one discovered some years ago
at Florence. It is supposed to date back to a.d. 1081, and
to have been made by Meucci. There is also one in the

Farnese Museum at Naples, made in a.d. 1225. Of
modern celestial globes the oldest is one made by Jansson

Blaeu in 1603. This gives all the constellations of the

Southi'vu Hcinis|ihere as well as the Northern.

Ptolemy's tigun;s of the constellations were restored by

the famous painter Albert Durer, of Niiremberg, in 1515.

The figures on modern globes and maps have been copied

from this restoration. Durer's maps are now very rai*e.

In 1603 an atlas was published by Bayer. This was the

first atlas to show the southern sky, and the first to

designate the brightest stars by the letters of the Greek
alphabet. Flamsteed published an atlas in 1729. Maps
and catalogues of the lucid stars have been published in

recent times by Argelander, Behrmann, Heis, Houzeau,
Proctor, and others. Of these Heis' is, perhaps, the most
reliable, at least so far as accurate star magnitudes are

concerned. Houzeau shows both hemispheres, all the stars

having been observed by himself in Jamaica and South
America. Behrmanu's maps are confined to the Southern
Hemisphere, between the South Pole and 20 degrees south

of the Equator. The maps of the Uranometria Argentina.

made at Cordoba in the Argentine Eepublic, show all the

southern stars to the 7th magnitude, but many of these

are beyond the reach of ordinary eyesight.

It is a well-known fact that the planets Venus and
Jupiter are bright enough to form shadows of objects

on a white background. It has also been found that the

brightest stars, especially Sirius, are sufficiently brilliant

to cast shadows. Kepler stated that a shadow was formed

by even Spica, but I am not aware that this has been

confirmed by modern ob.servatious.

There are some remarkable collections or clusters of

stars visible to the naked eye, of these the Pleiades are

probably the best known. To ordinary eyesight 6 stars

are visible, but MListlin, Kepler's tutor, is said to have

seen 14 with the naked eye, and some observers in modern
times have seen 11 or 12. Other naked-eye clusters are

the Hyades in Taurus, called Palilicium by Halley, and

the Pi-iesepe, or Bee-Hive in Cancer. Of larger groups,

the Plough or Great Bear, Cassiopeia's Chair, and Orion

are probably known to most people.

Many of the lucid stars are double, that is, consist of

two components, but most of these are only visible in

powerful telescopes. There are, however, a few objects

visible to the naked eye as double, and these have been

called "naked-eye doubles," although not strictly double

in the correct sense of the term. Ptolemy applied the

term double to the star v Sagittarii, which consists of two

stars separated by a distance of fourteen minutes of

arc, or about half the apparent diameter of the moon.

According to Riccioli, Van dcr Hove saw two naked-eye

doubles, one in Capricornus, 5 to 5| minutes distant, and

the other in the Hyades, 4^ or 5 minutes apart. The one

in Capricornus was probably a, and the one in the Hyades
6 Tauri. The middle star in the tail of the Great Bear,

or handle of the Plough, has near it a pniall star, Alcor,
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wbich to many eyes is ilistinctly visible witliout optical

oid. The famous Belgian astronomer, Houzeau, who
seems to have hail excolleut sijjht, saw the star k Tauri

double, and 51 and 56 Tauri separated, also t Orionis, and

others.

Many of the stars are varialile in their light, and several

hundred of these curious and interesting objects are now
known to astronomers. In a few of these the light changes

may be followed with the naked eye. It is an interesting

question whetlur iiiiy of the lucid stars have disappeared

or changed in brightness since the early ages of astrono-

mical observations. Al-Sufi failed to find seven of Ptolemy's

stars, and Ulugh Beigh, comparing his observations with

the catalogues of Ptolemy and Al-Sufi, announced twelve

cases of su]iposed disappearance. Some of these may,

however, be due to errors of observation. Lloutanari,

writing in 1672, mentions two stars as having disappeared,

namely /3 and y of the constellation Argo, but these stars

are now visible in the positions originally assigned to

them.
In a careful examination of Al-Sufi's description of the

stars written in the tenth century, and a comparison with

modern estimates and measures, I have found several very

interesting cases of apparent change in the brightness of

the lucid stars. Al-Sufi was an excellent and careful

observer, and as a rule his estimates agree well with

modern observations. We can therefore place considerable

reliance on his estimates of star magnitudes. " The Story

of Theta Eridani " has been well told by Dr. Andei'son in

Knowledge for July, 1893, and there seems to be no

doubt that this southern star, which is now only of the

third magnitude, was a bright star of the first magnitude

in Al-Suii's time ! The following are other interesting

cases of apparent change which I have met with in my
examination of Al-Sufi's work. The Pole Star was rated

third magnitude by both Ptolemy and Al-Sufi, but it is

now of the second magnitude, or a little less. The star

y Geminorum was rated third magnitude by Ptolemy and
Al-Sufi, or equal to S Geminorum, but y is now of the

second magnitude, and its great superiority in brightness

over I is noticeable at a glance. Another interesting case

is that of ? and c Persei, two stars which lie near each

other, about seven degrees north of the Pleiades. Al-Sufi

distinctly describes these stars as 6o//« of the 3—4 magni-

tude ; but Argelander, Heis, and the photometric measures
at Harvard agree in making ? about one magnitude
brighter than o. The stars being close are easily compared,
and their present great difference in brightness is very

noticeable. This is one of the most remarkable cases 1

have met with in Al-Sufi's work, and strongly suggests

variation in o, as ? is still about the same brightness as

Al-Sufi made it. The identity of the stars is beyond all

doubt, as Al-Sufi describes their positions very clearly,

and says there is no star between them and the Pleiades,

a remark which is quite correct for the naked eye. The
remarkable decrease in brightness of /3 Leonis (Denebola)
since Al-Sufi's time has been considered in my paper on
" Some Suspected Variable Stars " (Knowledge, August,
1899). That it was a bright star of the first magnitude
is fully- proved by the observations of Al-Sufi and Tycho
Brahe. These were careful and accurate observers, and
they could not have been mistaken about a star of the first

magnitude. /3 Leonis is now fainter than an average star

of the second magnitude, and there can be no reasonable

doubt that it has faded considerably since the tenth

century.

There are some other discrepancies between Al-Sufi's

observations and modern estimates, but the above are

perhajis the most remarkable. With reference to lucid

stars not mentioned by Al-Sufi, he has not I think omitted

any star brighter than the fourth magnitude in that

portion of the sky visible from his station. There are,

however, a number of stars between the fourth and sixth

magnitude which he does not mention. Of these the

brightest seem to be e Aquilae, p and \i. Cygni, and ? Coronae

Boreal is.

With reference to the distribution of the lucid stars in

the sky there seems to be a well-marked tendency to con-

gregate on the Milky Way. It is a remarkable fact that

of the 15 brightest stars in the heavens, no less than 1

1

lie on or near the Milky Way, although the space covered

by the Galaxy does not exceed one-fifth or one-sixth of

the whole sky. From a careful enumeration of the stars

in or near the Milky Way which 1 made some years ago,

I found that of stars brighter than the fourth magnitude
there are 118 on the Milky \Vay out of a total of 392, or

about 30 per cent. From the Southern catalogue known
as the Urnnometria Aryentina, Colonel Markwick, f.r.a.s.,

found 121 out of 228 stars to fourth magnitude, or a

percentage of 53 per cent. Ihese results seem to show
some intimate relation between the lucid stars and the

Galaxy.
«

ASTRONOMY WITHOUT A TELESCOPE.

By E. Walter Maunder, f.r.a.s.

XL—MORNING AND EVENLNG STAES.

It is one of the necessary penalties of the modem tendency

towards city life that we are dissociated more and more
from that close intercourse with nature which was open
to our forefathers. How few of us ever care to watch
that great spectacle which was to them so full of wonder
and of awe, the silent, ceaseless procession of the starry

heavens ! It was not merely the sight of the thousand
flashing gems of the midnight sky that impressed them,
or their differences of colour and lustre, or the weird
manner in which they were distributed ; there was some-
thing more striking than all this, and that was their

ceaseless movement. There was the wonder ; that motion
was so stately, so regular, so unceasing. " Without rest,

without haste " they moved ; no star ever left its appointed

place in the celestial host, nor ever strayed from its

appointed path. It was a nightly miracle, a miracle both

of order and power. The thoughts to which it gave rise

lay at the root of many an ancient myth, and inspired

many a poetic outburst, chief amongst which stands the

grand 19th Psalm. Nor. though the secret of that regular

motion is understood to-day, is the sight of the movement
of the vast cosmical machine in the least less impressive

even now to any mind that can rise to some slight realisa-

tion of its true meaning.
But the observers of those early ages had other thoughts

beside those of awe and wonder as they contemplated the

nightly march of the heavenly host ; there came a time
when they had familiarised themselves with the different

stellar groupings, and they saw that different constella-

tions ruled the night watches at different seasons of

the year.

After a long night watch in which the stately march of

the heavenly host has been followed hour after hour, some
stars moving round the pole in narrow circles, others

passing out of view in the west, whilst new ones are ever

mounting upward from the under world in the east, there

comes a time when a change begins to be perceptible in

the latter quarter. Little by little the eastern sky begins

to brighten and the stars to pale, and now perchance it

may be that a star more magnificent than any that has
shone the long night through, comes upward, queen of

the night, as the night is coming to an end. As it rises
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higher, so the glow in the cast beconifs brighter, ami the

fainter stars die out, until at length all have disapiK'ared

in the increasing daylight and the sun itself arises, the

bright herald which preceded it being the only one of all

the starry company that remains visible till the sun's

appearance.

The planet Venus is the only object that in this coni-

pletest manner can act as the forerunner of the sun, and it

rightly, at such seasons, has a spcci;d claim to the title of

the " Morning Star." But it is only now and then that

Venus is so placed as thus to act as the solar herald. At
other times the role has to be filled by stars of a meaner
rank. But it is well worth noting what stars are the last

to rise before the dawn drowns them with its growing
light. The next morning it will be found that those same
stars are visible just a little longer, and the next morning
longer still, and so on, until some other star shows itself

as the one to climb up from the eastern horizon just before

the opening daylight becomes strong enough to overcome
its shining.

Such stars are each in their turn " morning stars," and
their first appearance in the faint daven-glow of the east

before sunrise is the " heliacal rising " which was made
much of by ancient astronomers and poets. Not without
reason, for it is an observation of very considerable exact-

ness, and one which requires absolutely no instrument

;

not even the simple one of an obelisk or an upright spear,

still less of the solid masonry of a " solstitial " or
" equinoctial temple,' ' or the huge trilitbous of a Stonehenge.

And it fixes the return of the sun to the same part of the

heavens at the end of a year quite as exactly as those more
cumbrous conti-ivances could do, if indeed they ever were
used for such a purpose.

Corresponding to the " morning stars " are the " evening
stars," the stars wliich are seen in the western twilight

just before they set; the gathering darkness penuitting
them to be just glimpsed for a minute or two before they
follow the departing sun down to the under world. This
constitutes their " heliacal setting," and its observation

supplements that of the "heliacal rising."

All stars are not by any means equally suitable for

observation of theii heliacal risings and settings. It is

of course clear to begin with that the circumpolar stars,

the stars wliich never set, are quite useless in such a
connection. Nor are the stars in the extreme south, which
only rise at the best a few degrees above the horizon, and
only remain visible a very few hours, well suited for the
work. The best stars are those which are not situated at

any very great distance from the equator, either north

or south, but which lie between the tropics of Cancer and
Capricorn. Kigel, Sirius, Procyou, Arcturus, Alpha Ser-

pentis. Alpha Ophiuchi are fairly well placed for observa-

tion in England, both at rising and setting, but as a

general rule we may take it that the time of the spring

equinox is the best for observing heliacal settings, and
that of the autumnal for observing heliacal risiugs. The
reason of this will be seen at once from the accompanying
diagram, which represents the effect of the sun's motion
in declination at setting, at the spring equinox ; at the

autumnal equinox the conditions are, of course, exactly

reversed.

K the sun moved always in the equator, then a star

which rose on one day at precisely the same time as the

sun would rise about 4 minutes earlier than the sun on
the next, and so en day by day. But at the time of the

spring equinox, the sun is moving northwards at the rate

of about 24 minutes of declination every day. Conse-
quently the sun rises about 2j minutes earlier every day,

and the stars which rise at dawn only gain therefore upon
the sun 4 m. — 2 J m. ; that is to say, 1 j minutes. If the

star is north of the equator, the sun is also coming nearer
to it day by day, aud hence that region of the sky becomes
brighter and brighter at dawn. The result is that there
may readily l)e a good deal of uncertainty about the
determination of the day of the heliacal rising of such a
star under these conditions. For the setting, the condi-

Positions of tlio Suu below the East horiion, ucai' tlie Spring
Equinox, at the rising of A Piscium.

tious are reversed. If the sun were always in the equator,

a star which set with the sun one day would set 4 minutes
before it the next, aud so on day by day. But since the

sun is moving northward at the spring equinox, it sets

about I-3 minutes later each day, aud the star therefore

would set before the sun 4 m. + 1| m., or Sf minutes the

Positions of the Sun below the West horizon, near the

Spring Equinox, at the setting of i Piscium.

next night, aud so on night after night. If the star was
south of the equator, the sun would be moving away from
it in declination, aud under these circumstances we should
get the sharpest determination of the date of heliacal

setting. So the autumnal equinox gives the best oppor-

tunity for determining heliacal risings, specially for stars



GO KNOWLEDGE [Mabch, 1902.

north of the equator, and the worst tiino for oliserviiif;

heliacal settings, especially for stars south of the

equator.

It follows from these cousideratious that the Pleiades,

in sjiito of tlif frequont reference to their heliacal rising in

classical jioetry, were not well placed for this observation,

for during the 5000 years that astronomy has been in

active operation as a science, they were never so far from
the vernal equinox as at present. It must, however, be

borne in mind that the nearer to the equator the place

of observation, the more exactly could the observation of

heliacal rising l)e made. For the nearer the equator is

approached, the more nearly are the apparent paths of the

sun and stars perpendicular to the horizon. They, there-

fore, seem to rise in the sky much more sharply, and dawn
and twilight last for a much shorter space of time. A
similar remark applies in its degree to Sirius, which, 5000
years ago, would have been by no means a very good star

to observe at heliacal rising here in England. But the

land where Sirius was made much of for this purpose was
Egypt, the most southern of all the ancient civilisations,

and in that marvellous climate the star may often be seen

now to rise sheer from the waters of the Ked Sea. Under
such circumstances the return of the year could be fixed

with all desired exactness by the rising of Sirius, even
when it was on the vernal colure.

There is a great interest for those who care to try to

enter into the thoughts and conditions of the past in

repeating for oneself the very observations which were so

all-important thousands of years ago. And there is a real

value in repeating them to-day. If three or four observers

were independently to observe the heliacal risings and
settings of some two dozen zodiacal stars for three or four
years, we should gain a great deal of needed information
as to the actual amount of precision of which the method
is capable, and some needed light would be thrown upon
its practical eflBciency. But more than this, the work
would prove very effective in teaching the observer to pick
up quickly minute points of light in a bright sky. This
training would be found afterwards of great value in more
ambitious fields of astronomy. The variable star observer
would find it of use in enabling him to discount the effect

of bright moonlight on his observations ; the double star

observer would find his eye quickened to detect a faint

companion in the glare which a bright star gives in the
field of a great refractor.

But more than this, the work affords a chance—a rare

one it must be admitted, but a chance not to be despised
—of making a discovery of a most interesting kind.

Occasionally comets passing through our system so

approach us as not to be seen until they are close to the
sun, and these are usually comets of exceptional interest,

both from the character of their orbits and from their

physical behaviour. Such objects the persistent obsei-ver

of heliacal risings and settings is—from the nature of his

work, and from the special acuteness in detecting objects
in the twilight sky which it will have given to him—the
inost likely to be the first to discover. The great comet
of the autumn of 1882, for instance, was first seen at
sundown, the great southern comet of 1901 was detected
just before sunrise ; in both cases only a very short time
before the comet passed into conjunction with the sun,
and was temporarily lost to view. In botli cases a regular
" heliacal " observer would have stood a good chance of
being two or three days ahead of anyone else in the dis-

covery, to the gain of his own reputation and of astro-
nomical science.

The three stai-s mentioned earlier, Sirius, Proeyon and
Eigel, may be observed to rise during the latter' half of

August ; their settings fall in April and May. They are

thus emphatically winter stars, Kigel coming to opposition

on December 11th, Sirius on December Slst, and Proeyon

on January 12th. In the case of these stars, the opposition

falls nearly midway between the date of rising and that of

setting. Not so with stars near the equinoctial colures.

Thus Spica rises at the end of Octobei-, comes to ojiposition

on April 12, and sets in the middle of .August. Hamal,
on the other hand, rises near the end of May, comes to

opposition on October 26, and sets in the middle of April.

The Pleiades, too, which Hesiod reports as being invisible

for forty days, arc now invisible here in England for

over sixty, from the end of April to the beginning of July,

but the date of conjunction does not fall in the middle of

this jieriod but on May 19.

A very interesting side question would probably arise

in the course of the systematic observation of heliacal

phenomena, and that is the influence of colour on the

visibility of stars of a given brightness in a bright sky.

Orion and the neighbourhood are particularly rich in stars

suitable for such a comparison. The orange tint of

Betelgeux, the golden colour of Aldebaran, the slight

suspicion of green about Bellatrix, the steel-blue of

Alnath and of the giant Sirius, the white of Proeyon, and
the contrast which is so obvious between the tints of

Castor and Pollux, afford ample materials for a very

delicate and interesting research, and one which it still

remains to make.

Stabs foe Heliacal Obsbevation.

At Setting.

February— € Pegasi, Enif.
Marcb—a Pegasi, Mavkah.

V Pegasi, jl/»jL'nt6.

a Piscium, Okia.
April—a Arietis, Hamal.

/3 Orionis, Rigel.

Ti Tauri, ^lcyo»e.
May—a Oanis Maiaris, Si

a Tauri, Alaehavan.
a CaoisMinoris.Pj'i

At Rising.

August—)3 Orionis, RigeL
a Canis Minoris,Procyoii.
a Canis Majoris, Sirius.

a Cancri.
September— a Leonis, Regulus.

^ Leonis, Bentbula.
October—a Bootis, .Ircfurns.

a Virginia, Spica.
November

—

a Serpentis, Unuk.
a Ophiuchi, Rasalague.

THE USE OF HAND TELESCOPES IN

ASTRONOMY.

By Ckcil Jackson.

II.—THE SUN.

Before ti-eating of the sun itself, it will be desirable

to consider the methods of observing it. For a small

pocket telescope a cap containing a piece of very dark
green glass will answer well. The glass should be so

dark that the outlines of buildings are invisible through
it when it is held up to the eye. A small telescope

requires as dark a glass as a large one. Do not on
any account be persuaded into having a light sun-glass

on any telescope, however small, as the use of such a

glass is veiy trying .to the eye, except in a smoky or

dull atmosphere.
Another way of viewing the sun is to fix a piece of

paper in the sunshine, with the sim shining squarely
on it. The pajicr may be pinned to a board, and the
boai'd reared up on a chair in such a way that the
pins, if tnily perpendicular to its surface, cast no
shadow on tlic paper. Stand facing the paiier, and
hold the telescope—drawn out to its full length—with
its eye-end a few inches away from the paper, so that
a circulai- shadow is cast, in which case the telescope
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is pointing at the sun, and a bright patch of light

will appear on the paper. Slide the eye-tube of the

telescope inwards until the patch of light has a shai-p

outline, and if there ai-e any large spots upon the sun

thoy will appear in the Solar image cast on the paper.

When once the sun's image has been thrown on the

paper, the telescope may be grasped by the left hand
in sucii a way as to cast a margin of shadow around tbc

image of the sun, or a cai-dboard disc may bo fitted

round the telescope tube for the same purpose. This

will make the Solar image appear more pronounced.

More detail can, however, be seen by using a dark

glass, and looking directly through the telescope at the

sun. On a telescope not excectling two inches in

aperture there is no fear of the gla.5S cracking, especially

if the sun is not observed when high up in the sky,

3S it is at noon in summer, for example. In obsei-ving

the sun when high up, it is a good plan to turn the

telescope aside ovciy few seconds so as to prevent the

dark gla.ss from becoming hot.

I sliall now begin to describe the details of the sun

as seen in the telescope.

Fio. 4.

Fig. 4 represents the sun as seen at about Ih. Im. p.m.,

June 24. 1899. A represents white marking seen near

the sun's limb. B is a small spot. C is a lai'gc spot,

surrounded by a gi"ey border called a "penumbra " to

distinguish it from the dark centre or " umbra.'' My
Ig-inch telescope with its own terrestrial eye-piece was
used in making this obsei-vation. The pancratic draw
was set to the power 30 line, so as to give a magnifying
power of 30 diameters.

Fig. 5 represents the sun as seen on Aug. 5, 1893.

Power 35 on the 1 g-inch telescope used. Time, about
4h. 9ni. p.m. This picture gives an idea of the sun's

appearance when largely spotted. As an instance of

the difference in the number of days on which no spots

are observed on the sun in different years, I may men-
tion that I obsen'ed uo. spots on the sun on eight

occasions in 1898, whilst in 1899 the days on which no

spots were obsei-ved were about thirty-two.

Fig. 6 represents the sun as seen with a 1-inch pocket

telescope at about 2h. 41m. p.m., Friday, Oct. 28, 1898.

A dark glass was, of course, used on the telescopy. On
very clear days the sun may be seen, if a 2-inch telescope

IS used, to have a curdled appearance. I have some-

times seen this appearance with my l|-incli telescope.

Tapping tho telescope with the fingers, or moving it

backwards and forwards may assist to make the curdling

visible.

tttcrs.

[The Editors do not hold themselveB responsible for the opinions

or statement* of correspondents]

THE FLIGHT OF A HAILSTONE.

TO THE EDITOKS OF KNOWLEDGE.

Sirs,—In reference to the interesting paper on " The
Flight of a Hailstone," in the February number of
Knowledge, I venture to send you the enclosed sketches
of some hailstones which fell here on June 13th, 1900.
They fell in large numbers at the end of a very severe
thunderstorm. The area over which they fell was limited
to a few miles radius. In form they resembled a cart-

wheel, being thickest at the circumference. The alternate
clear and opaque rings were very distinctly marked. The
largest measured one and a half inches in diameter, and
the weight, after the stones had been lying, perhaps, a
quarter of an hour on the ground, was one-third of an
ounce. Somewhere about '65, a similar storm of hail

occurred in Herefordshire, but the shape of the stones
was different, each stone being largest in the centre, and

Hailstone.—Actual fizc. Side view o£

broken stone.

diminishing to the circumference, resembbng not a cart-

wheel but an oyster. Some of the largest of these latter

stones weighed an ounce.

South Leigh Vicarage, Arthur E.\st.

Witney, O.xou.
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THE USE OF HAND TELESCOPES.
TO THE EDITORS OF KNOWLEDGE.

SiBs,—In tlio article "The Use of IlaiiJ Telescopes in

Astronomv " in tbis month's Knowledue it is said that

in order to increase the jwwer of the instrument it is

desirable to remove the lens next but one to the eye end.

I have tried this with my telescope, which is a three-draw

one, IJ in. object glass, and found the result tolerably

satisfactory.

However, a much better plan is to remove the third

lens, i.e., the next but one to the object glass, the result

was a suri>risinL;ly good one, every part of the field of

view available for distinct vision, and the magnifying
power about half as large again.

The holding and steadying of a small telescope out of

doors is a great trouble even for ordinary use, and always

a failure when observing celestial objects. So I got a

clip made with a screw attached to it, by means of which
I can steady the telescope, and move it freely in every

direction.

I also have an astronomical telescope with a 3 in. oljject

glass and a power of 100 diameters, and I find it often

useful to remove the inner one of the two lenses which
form the eyepiece. The field of view becomes smaller, but

the magnifying power is very much increased thereby, and
it enables me to see eomparatively very small objects on
the moon, and even divide the rings of Saturn.

Walthamstow, February 10th, 1902. M. Haee.

[I do not agree with Mr. Hare as to the great advantage

to be attained by removing the third lens from the eye end

—the next but one to the object glass—though the field

is better than when the lens next but one to the eye

end is removed. But the advantage of using some means
of steadying the telescope is very great. Only, though
this is but a verbal criticism, it could scarcely then be

described as a "hand telescope."—E. Walter Maunder.]

A METHOD OF GENERATING ACETYLENE.
TO THE EDITORS OF KNOWLEDGE.

Sirs,—The following method of generating acetylene in

small quantities, which other boys and myself have used
for some time in the Chemical Laboratory, at Mill Hill

School, may be of interest to readers of Knowledge.
Place a few lumps of calcium carbide in a six ounce

flask or Woulfi's bottle, and cover them with methylated
spirits. If diluted hydrochloric acid (1 : 2 water) be

slowly dropped into the bottle by means of a stoppered
funnel, a steady flow of acetylene gas is evolved, which
can be collected, like hydrogen, over water.

The equation is

—

Ca C, + 2 H CI = Ca CLj + Co Hj.

The advantages of this method as compared with that
given in text-books (dropping water upon dry calcium
carbide) are

—

(1) A steady even flow, completely under control,

instead of a rapid, brief evolution

;

(2) A liquid mass of calcium chloride left, easily

washed out of the bottle, instead of a hard cake
of slaked lime.

It was not found practicable to keep the calcium carbide
under alcohol for any length of time, as the mixture
slowly evolved acetylene.

It is possible that the method may be of practical utility

for cyclists' lamps, although the use of acid might necessi-

tate some alteration in the material of these.

Mill Hill School, N.W. E. Knowles.

BRiTIStt

ORNiTHOLOGlCA

* v .NOIiSr:-^

Conducted by Habby F. Withebbt, f.z.s., m.b.o.u.

Possible Sreeding oj the Eared Grebe in Oxfordshire (.Ibis,

January, 1902, p. 165).—Mr. O. V. ApUn writes to the Ibis with

regard to a pair of Eared Grebes which were shot on a large poud
near Blo.\haia on September 19th, 1899. Mr. Aplin gives reasons for

supposing that these birds mav liave remained to breed in England,
and that they were not merely migrants.

Nutcracker in Herefordshire {Zoologist, January, p. 2.5).—Mr.
H. E. Forrest records tliat a Nutcracker was obtained in September
la«t near Hereford. In view of the in-uption of the Siberian form of

the Nutcracker into Western Europe in the autunm of 1900 (see

Knowledge, 1900, p. 256; 1901, pp. 117 and 281), it would be

interesting to know if this specimen was of the slender-billed Eastern
form.

King-Eider in Fifeshire {Zoologist, January, p. 27).— Mr. B. B.

Kiviere records that a male King-Eider was shot on a moor in Fife-

shire on Jime loth, 1899. This Arctic bird seldom visit* our islands.

Tengmalm's Owl in Suffolk (The Field, February 1st, p. 177). —
Mr. F. W. Frohawk here gives an account of two specimens of

Tengmalm's Owl which were picked up in an exhausted state at the

end of last October in Suffolk. One of the birds was picked up by
Captain Lawrence Grubbe on the beach at Southwold on October

30th. The other bird was found in the gardens of the Grand Hotel
in the same town probably about the same date. Both birds have

been kept alive, and are remarkably tame ; but neither give any indi-

cations of having been in captivity. Tengmalm's Owl is a rare visitor

to the British Islands, and most of the records have been from the

Eastern Counties during the autumn or winter. Tliis Owl is an
inhabitant of the pine forests of northern regions, but it is also

found in the pine-clad mountains of the south ; and it migrates to a

considerable extent during tlie autumn and spring.

...'.,. Diirinij the absence from Em/land of Mr. Harry F.

WiTHERBY, who has started on an Ornitholo(iical E.vpeditio7i

to South-West Persia, these Notes iiill be eondiuted by Mr.
W. P. Pycr.\ft, to whom all communications should be addressed

at the Natural Histor;/ Jtluseum, Cromwell Road, London, 5.11'.

Astronomical.—From measurements made at the

Lick and Yerkes Observatories, Prof. Barnard has deduced
the following values for the diameters of planets and
satellites :

—
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Jupiter, Satellite I. .

Jupiter, Satellite II.

Jupiter, Satellite III.

Jupiter, Satellite IV.

Saturn, equatorial

Miles.

2,452
2,045

3,.558

3,345

76,470

Saturn, polar ...

Saturn, Satellite Titnii

Uranus, equatorial

Uranus, polar ..

Xeptune

MUes.
69,780
2,720

35,820
33,021

32,900

A vougU attempt to deterniino tln' total liu^ht of the

stars by direct observation has been made by Prof. Simon
Newcomb, who is inclined to regard this quantity as

among the most important fundamental constants of

astrophysics. The methods of observation were extremely

simple, consisting chietiy of I'ompariug sky illumination

with the image of a star of known magnitude dift'used

into a disc by a suitable concave lens, and reduced liy

means of dark glasses when necessary. It was fi>und that

the total light of all the stars is about eqiial to that of

(500 stars of zero magnitude, with a probable error of one-

fourth of the whole amount. A positive correction,

however, is more jirobable than a negative one, and the

number may possibly be greater than 800. From statistics

relating to the numbers of stars and nebula}, it will be

remembered that Mr. Gore concluded that the total light

was equal to 589 stars of zero magnitude.

We learn from Bulletin No. 1-t of the Lick Observatory

that two oval nebulous rings surrounding Nova Persei

were photographed as far back as March 29th, 1901,

although the plate was only exposed for ten minutes as

couipared with the ten hours which now appears to be

necessary. The rings were then quite small, but it is

considered that the later rings may be regarded as having

been produced by expansion outwards from the Nova.
Assuming the identity of the earlier and later forms, the

daily radial rate of motion is found to be 2"'62 in the

south-west quadrant, and 3"00 towards the north. At
this rate the nebulous matter would have been coincident

with the Nova on February 16th or 17tb, and some of it

might be expected to reach the solar system in about
2.50 years if the same rate of expansion is maintained,

supposing that there is actual translation of the nebulous
material.—A. F.

BoTANicAi,.—The question of the systematic position of

the Nymphscacece—whether they should be included in

the Dicotyledons or the Monocotyledons—has already been
discussed by several botanists. It is brought forward
again in a paper by Mr. H. L. Lyon, which api)ears in the

Minnenota Botanical Studies, Series 2, Part V., where he
records his "Observations on the Embryogeny of Nelumbo."
In Bcntham and Hooker's system the Nymphteaceae are

placed in the Kanales, between the Berberidacea? and the

Sarraceniaceaj. Mr. Lyon shows that Netumbo, both in its

anatomy ami embryogeny, conforms to the type of the

iloBocotyledons ; that there is only one cotyledon, the

two fleshy lobes of the embryo, described by some liotanists

as cotyledons, really arise through the bifurcation of the

originally single cotyledon ; and finally, that the order to

which it belongs should be included in the Monocotyledons,
ill the series HelobiiB, which includes Potamogetoii, Alisma,
Biitomus, &c. Referring to the subject in the January
number of the American Naturalist, Prof. D. H. Campbell
points out that the Lesser Celandine {Ranunculus Ficaria)

has only one cotyledon, and that the Ranunculacete,
resembling in their flowers those of the Alismales, are

amongst the anomalous Dicotyledons.

The origin of the stipules in Liriodemlron, represented
by the well-known tulip-tree of our gardens, is the subject

of a paper in the Bulletin of the Torrey Botanical Club, of

September, 1901, by Mr. E. W. Berry. The writer has
examined a great number of leaves of L. tuUjiif, ni, and
taking into account the l^af of a fossil species recently

described l)y Dr. A. Hollick, and the leaves of allied

genera of Magnoliacete, supports Dr. Hollick's opinion

that "the large fugacious stipules of our living tulip-tree

might represent former leaf-lobes, which, becoming
separated, formed basilar lobes, then winged petioles, and
finally the modem stipules."—S. A. S.

Zoological.—On the evening of Friday, January 7th,

Professor E. Ray Lankester, Director of the Natural

History Branch of the British Museum, delivered at the

Royal Institution a lecture on the okapi, illustratc<l by

a life-sized coloured sketch of that remarkable mainmai.

The relationship of the okapi to the giraffe and the extinct

Kelladotherinm and its allies was fidly discussed.

Allusion ha.s been already made in these columns to the

splitting-up of the puma into a number of so-called

species. Recently Mr. E. A. Mearns [Proc. Washington

Academy, Vol. XIV., p. 137) has followed the same course

in the case of the jaguar. Undoubtedly different local

forms and jihases of both the jaguar and the jnima do

exist, and, if it be thought desirable, there can be no

objection to indicating them by sub-specific or varietal

names. When, however, it comes to calling them species

the case assumes a very different aspect, for we are then in

danger of losing sight of the all-important fact that these

two types of cat range over a very large portion of the

American continent (the puma much farther than the

jaguar). In return for this loss, we gain—nothing, if

not worse than nothing. It is a case of Losing sight of

the wood for the trees, and the sooner this practice of

excessive species-making on the part of specialists is

discouraged, the better it will be for the true interests of

natural history. No advantage whatever can be urged in

favour of the practice, while there is much that can be

said against it.

Had space permitted, we should have called attention at

an earlier date to a very interesting paper by Miss D.

Bate on the mammals discovered by herself in a Give in

the Wye Valley near the Foi-est of Dean, which appeared

in the Geological Magazine for last year. The special

interest councrtcd with these remains is that they are

chieflv those of bats, insectivores, and rodents, and that

many of the latter belong to Arctic and Alpine types at

present unknown in Britain. The species include the

Norwegian and the banded lemming, the pica, the northern

vole, the Alpine vole, and the Continental field-vole, as

well as several still existing in Britain. Hitherto, almost

the only evidence of the former presence in Britain of the

Arctic and the Alpine vole has been afforded by remains

from Somersetshire and Wiltshire.

The theory that the horns of the big-horn wild sheep

(Ovis canadensis) act the part of megaphones in conveying

sound to the ears of their owners, which was discussed at

a recent meeting of the Linnean Society, has formed the

subject of correspondence in the columns of The Field.

One observer writes very strongly against the likelihood

of the theory being true, and some of his arguments will

be found very difficult to controvert. It is a pity, however,

that he uses the term helij; when he means pinna, or

conch.

In a paper on a collection of mammals from Shendi, on

the Upper Nile, published in the December issue of

Novitates Zooloyicx, Mr. W. E. De Winton names a spiny

mouse Acomys u-itherhyi, in honour of Mr. H. F. Witherby,

by whom the type specimen was collected near Khartum.

A new species of gerbil (Gerbillus watersi) is likewise

named in the same communication.

With the exception of a few forms which entered North

America during the Pliocene and Pleistocene epochs, the
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proat extinct cJcntatt-s allied to Meijalo/herinm ami
Mylodon have hitherto been considered chiiracteristic of

South Atnorica, whore they ajipear to liavo <lied out within

the liistoric period. Monsieur Grandidier has, however,

reeentiv descrilied the lej,'-bone of wiiat ajipears to l)e

another member of the same fjroup from the superficial

deposits of Madagascar, under the name of Brailijlhirinm

moihigascarieiisc. Assuming, as seems jirobalile, that

these gii^antic edentates originated in the southern

hemisphere, the i>resent specimen, if its affinities be rightly

determined, affords evidence of a former land connection

between Madagascar and South America, and thus su])ports

the view that the latter continent was at one time in

connection Avith Africa. -
j^ottctg of Booltg.

"The Star;; : A Srunv ni- nii: Univkrse." By Simon
Newcomb. Progressive Science Series. (Murray.) 6s.—We
opened this book with pleasurable anticipations ; we closed it

with something little short of amazement. Prof. Simon Xewcomb
is a deep thinker, a laborious worker, a most eminent astronomer.
But tlie readers of this book would never divine that it is by
such an author. It is superficial, and not worthy of the name it

bears on its title page. And yet, in his preface, Prof. Newcomb
says that he did not consider this task an easy one ; he had "to
study whole chapters of observations and researches on some
minute branch of the subject, and condense their gist into a few
sentences ; now to search volumes of periodicals, perhaps in

vain, to find who was first in the field, or what result some
investigator had reached ; now to do justice to the respective

works of students of the same subject ; now to recast or rewrite
passages in the light of some newly published research." We
can find hardly any trace of all this minute and deep research

in the work. All the information therein contained Prof.
Newcomb mu?t surely have known

;
must have picked up in

the ordinary cour.se of his astronomical duties ; must have
breathed in almost with the air of his ordinary astronomical
life. When any investigation begins to get interesting we are

blocked by the stereotyped phrase, " the reasoning is too abstruse

and the results too mathematical to be easilj- presented in the
present work.'' But this elision of all reasoning that may not
be plain to the dullest, sometimes renders Prof. Newcomb's own
meaning obscure. For instance, in giving Myers' working out of
the system of the double star Beta Lyrae, he says, " Beta Lyrae
consists of two bodies, gaseous in their nature, which revolve
round each other so near together as to be almost in contact.

They are of unequal size. Both are self-luminous

This theory receives additional confirmation from the fact shown
by the spectroscope, that these .stars are either wholly gaseous or

at least have self-luminous atmospheres.'' On the surface it

would appear as if Prof. Xewcomb imagined that the stars were
in general solid or liquid bodies, or that they shone by reflected

light. The sense of disappointment which the book inevitably
produces is, however, almost entirely due to its falling so much
below the high reputation of its author. Had it been written
by someone whose acquaintance with the science was merely
literary, there would have been much in it to praise. And even
as it is, the last three chapters must be excepted from the
strictures pronounced on the book as a whole, as Prof. Newcomb
has taken in them a much more serious view of his task, and they
are consequently on a higher level than the greater part of the

work.
"History of Geology and PAL.T,osTOLOf;y to the End of

TiiK Nineteenth Century." By Karl Alfred von Zittel,

Profes.sor of Geology and Paleontology in the University of
Munich. Translated by Maria M. Ogilvie-Gordou, D.sr., iii.o.

(Walter Scott.) (5s.-In 1899 Prof, von Zittel's " Geschichte
der Geologic und Paliiontologie " appeared .as a volume of 870
pages, closely i)rinted in the now archaic German type. Mrs.
Gordon's translation, under the auspices of the Contemporary
Scientific Series, puts in the hands of all readers a record of
progress and discovery which is of interest to workers and
thinkers far outside the special lines of geology and pahcontology.
The book has, however, been reduced in bulk, and this has in-

volved the removal of the very valuable lists of works refei red
to bj' von Zittel, which conclude each cliapter of the original.

A reference to the original is desirable on account of the
introduction by the translator of phrases and sentences

which undoubtedly modify the work. We are firmly of

opinion that such changes shoidd always be made within
brackets or in footnotes. What we want to know is how von
Zittel, a dispassionate author of singular reserve and judgment,
regards this or that movement, or this or that influence, at

work in helping on our science. Von Zittel him.self seldom,

however, allows his own opinions to obtrude themselves ; hence
the words " feine Beobachtung und logische Schlirfe," " von
stdtener Originalitiit," or, on the other hand, " von geringer

Wichtigkeit," have from him a meaning far above the ]ihrases

of ordinary controversy. But this fact makes it especiallj'

undesirable to import similar phrases into his "translated"
work ; and we may regret, from this point of view, even the

fine passage on Hutton in.serted by Jlrs. Ogilvie-Gordon on
page 72. The chapter on the Triassic Period suffers especially

from changes of this kind ; and subtle little adjectives creep
in, and even accusations of carelessnes.s, tending to the

discredit of one of the most dignified members of the Viennese
school, in contrast with his brethren in Bavaria.

The author himself is partly responsible for some points

which may be rectified in the next edition. In so comprehen-
sive a treatise the titles of books may occasionally go astray, as

when " Felsarten "'
is written for " Gesteine," in a reference to

Zirkel on page .'530, and " Lithographia Wiirceburgensis " for
" Lithographife Wirceburgensis specimen primum," on page 18.

We have, however, " Das Flutxr/ebirf/e Wiirtemhergn,"
" Pennant's Buol- of Travel "—a title that it would be difficult

to trace in a library—and other slips, some of which are due
to the unfortunate i)ractice adopted by the translator, and
occasionally even by von Zittel, of giving the titles of memoirs
in a language other than that used by their authors. When
some of these titles are translated from English into German
and back into English, the possibdity of error is apparent. As
an example, we suspect that Carpenter's " Introduction to the

Study of the Foraminifera '' is meant to be referred to on page
383 ; the title .as given is a modified translation of a general

])hrase written by von Zittel.

The translator's intimate knowledge of German, and her own
wide range of geological work, have equipped her well for a task

involving very considerable labour. We hence find amazingly
few slips in nomenclature—the " phosphorus beds," on p. 420,

should be "phosphorite'' or "phosphate'' beds, and on p. 73
"carbonic acid" is said to have become "converted under this

pressure into a granular substance resembling marble. " On
p. 243, "diatoms ' are substituted incorrectly for the "Algen"
of the original ; the organisms somewhat vaguely discussed by
Weed are filamentous forms.

Where notable departures from the original have been
occasionally made, we might, perhaps, have expected the intro-

duction of new matter in the form of notes or addenda here and
there. On p. 424 or 541, a reference to Dubois and Pithe-

cnnthrnpus would seem natur.al in the year lyi.U : it is high time
for the geologist, and even for our cautious Geheimrat, to

accept responsibility for dealing in a systematic way with the

precursors of the human race. On p. 337, again, the earnest

persistence of English petrographers, notably Judd, in urging

that geological age was practically valueless in any scheme of

classifying igneous rocks, is not done justice to when we are

told thart " Rosenbusch (I) removed the final judgment of

petrography from the laboratory to the field.' The phrase is

almost as emphatic in the original ; and German writers, at any
rate, may easily be excused for beUeving that the introduction

of the microscope threatened the "natural history'' aspect of

petrography in other countries as completely as in their own.
Von Zittel's review, however, of the relations between Prof.

Rosenbusch and MM. Fouque and Levy is one of the best

illustrations of his extraordinary grasp of the range of geological

research.

Another small correction which it seems extremely difficult

to introduce, even into English treatises, is the substitution of

the English chemist's name, Sonstadt, for Ihoulet (p. 333) as

the first who used the solution of mercury and potassium iodides

in refined specific-gravity determinations. On j). 334, " Breon "

is a slii), in the original, for " Brauns,' who proposed the use of

methylene iodide. In conclusion, let us be grtiteful for a handy
book which has justly taken the place of all previous attempts

to deal with the history of geology.
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"Ei.KMKMs OF BoTANV." By AV. J. Browne, m.a. Fifth

edition. Illustrated. (Heywood.) is. 6d.—This new edition

of Mr. Browne's u-seful little primer is considerably enlarged

and abundantly illustrated. The greater portion of the book is

occupied with descriptive detail. This is well done, and the

numerous illustrations which are provided are helpful. AVo

fancy the book is intended for the use of students entering for

the examinations of the Science and Art Department or other

bodies. Were it not so the beginner might find the subject

matter more attractive and more living if there were less

structural botany and more natural history of plants. We find

in the book very little relating to life-histories, or to the rela-

tion of ]>lants to their environment. The interesting subject of

the dispersal of fruits and seeds is dismissed in a page and

a half, while the history and geography of plants on this earth

are not touched on at all. Botanical examination papers do not

usually err on the side of undue attention to this side of the

subject ; yet in the Science and Art and London University

|>apers, given at the end of the book, we find elementary

questions relative to the dispersal of seeds and the characters

of maritime plants that could hardly be answered from this

book. Mr. 15rowne's primer is, however, eminently adapted

for its purpose : but we would hope that, in the course of time,

elementary examination papers on the suljject may deal more
with the botany which the child may learn out of doors and by

its own observation.
" Tjik Pko( ess Yeah-Book, 1901 : As Illustrated Review

oi- THE CRAPiiif Arts." Kdited by W. Gamble. (Penrose &
Co.)—The Annuals, of which this is the seventh, published by
Messrs. Penrose, evidence the increasing attention given by
the public to book-illustration by the sustained high quality

of their reproductions. The various beautifully finished blocks

)irinted in one tint or in three colours, which adorn this

Annual, cannot fail to afi^ord gre;it jileasure as examples of

British workmanship. Xumerons articles are given, exidaining

processes and detailing methods by which present results have

been reached. These, though very brief, are written by
authorities on the several subjects, and adequately fulfil the

purpose of an excellent Year-book.
"Nautical Astkonomv.'' By J. 11. C'olvin, n.A. (Spon.)

•2s. 6d. net.—A useful little book, covering the entire course

required in the Board of Tnide Examination for Extra Master,

as well a.s for the ordinary examinations of that body. It will

bo found of service also to the navigating officer as a book of

reference.

"A Recoki) of the Pkogress of the Zoological Society
OF London during the Nineteenth Century.'' Edited by
the Secretary.—More than half this book is devoted to a list

of names of Fellows of the Society. The remainder forms a

brief, too brief we consider, but very interesting yearly record

of the progress of the societj-. It deals chiefly with important
exhibits at the gardens, erection of new buildings, births at the

gardens, and a few notes on the society's publications.
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WING-LINKS.
By E. A. Butler, b.a., b.sc.

In the present paper I propose to deal with the different,

devices that are to be found in the structure of four-

winged insects, for linking together the fore and hind
wing on the same side during flight, so as to produce an
increase of power in the simultaneous use of the two pairs

of wiugs. The extensive order Diptera, therefore, con-

sisting, as it does, wholly of flies which have only one pair

of wiugs fully developed, will be outside our present

purview. And so equally will the Coleoptera, or beetles,

for, although at first sight they appear to have two pairs

of wing-like appendages, yet, as only one of these is used
for the actual accomplishment of flight, the insects are, for

all practical purposes, dipterous. Putting these two great

orders on one side, therefore, we find that the rest, with
the exception of a few small groups which are apterous,

are all four-winged, and use both pairs in flight. Out
of this enormous assemblage of four-winged creatures,

however, our attention will lie mainly concentrated on two
orders, the Hymenoptera and the Lepidoptera, for, with
few exceptions, it is iu these two alone that we find any
special structures such as are indicated above.

But, before considering these, there is one group of

insects that, for an opposite reason, merits notice because
of the entire independence with which the wings work.
These are the dragon-flies, the wings of which differ in

several important characters from those of most other
insects. The power of flight in dragon-flies varies very
much. While the larger kinds are extremely jjowerful

fliers, and when " hawking " for their prey can go sailing

along at a high rate of speed, the smaller and more fragile

species have to content themselves with a comparatively
weak sort of flutter. In all the species, however, the fore

and hind wing on each side are independent of each other;
they do not touch, and though they move simultaneously,
there is a certain space left between their edges through
which the air can pass as the wings move up and down.
Again, throughout the Insecta, the secondary, or hind-
wings, are generally of a more delicate texture than the
primaries, and often smaller iu area, but, if not actually

smaller, they yet have to be folded up and tucked away
under the primaries when the insect assumes the position

of rest. In all these points dragon-flies differ from most
other insects. The two pairs of wings are approximately
of the same size, and of similar texture, and iu the attitude

of rest the secondaries are not folded and packed away
beneath the primaries. A large dragon-fly when hunting
its prey on the wing must, of course, be able, if it is to be
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a stifcossful liuiitcr, rajiiilly to iiltci' its coursu and adapt
itscdf to the sudden moveiiiciits of its rjuarry. Tlu-.so

iusec'ts are, in fact, adepts at " dodfjin;,'." and liowover fast

they may be ilyinj,', can instantly wheel at a sluiqi ani^le,

oi' even make a comi)lele voHv face. It can hardly lie

doubted tliat the independence of the wings is an important
fa<:tor in these movements, so that, while a certain amount
of power is lost to the stroke by the fact that the wiut,'s

are not linked together, yet this is eom|)ensate(l for by tlie

ability to wheel suddenly, which is brought about by the
absence of such union.

In this country we have only a few other insects with
wings constructed like those of dragon-flies ; the chief of

these are the lovely lace-wing flies, which are amongst the
most cTiiiicate and fairy-like creatures we possess. But as

theytave ouly a very feeble power of flight, they need not
concern us further on the present occasion.

We pass now to those insects that possess wing-links of
some kind or other. Amongst these the Hymeuoptera
take tlie first place. The order contains bees, wasps, ants,

sawflies, and that host of parasitic insects known as
i(.-hueumou flies. These creatures have two pairs of mem-
branous wings, the anterior of which are much larger than
the posterior. Each wing, whether primary or secondary,
is by itself long and narrow, and in proportion to the size

of the body, offers but a small surface to the action of the
air, and hence would not have much sustaining power.
But the anterior edge of the hind-wing has neai'ly the
same outline as the posterior edge of the fore-wing, so
that, when in use, the two fit pretty accurately together,
one behind the other. This alone, however, would not be
of much good, as the two wings would be easily liable to
be separated in flight, and thus break the force of the
stroke. But there is a beautiful arrangement which keeps
them in jjositiou relatively to one another, and thus enables
them to offer to the resistance of the air what is practically

an unbroken surface equal to their combined areas.

The wings of a hornet, or failing these, of a humble
bee, or wasp, will show this arrangement admirably. For
a certain distance, beginning rather more than half-way
along the anterior edge of the hind-wing, there is a series

of booklets bent obliquely outwards, upwards, and back-
wards. Fig. 1 shows the arrangement of these in a

Fig. 1.—A, Wings of Hornet, a, Fold on Fore-wing.
b, Hooks on Hind-wing. Magnified two diameters.
B, Portion of Hooked Margin. Mueh more liiglily

magnifled.

hornet's wing. The number of booklets varies with the
insect ; for example, the hornet has 29, and the hive bee
about 23, bumble bees have from 19 to 26, according to
sjiecies and sex, and so on. In general the number
appears to range between one and two dozen, but the
ichneumon flies have fewer, while the giant Sirex, or
tailed wasp, the largest hymenopterous insect wo possess,
has upwards of !J0.

Along the binder edge of the fore-wings, in the part
immediately opposite the books, the membrane is

strengthened and bent under, forming a sort of trough

or gutter. When the wings are exi)anded, the booklets of

the hind-wing hang over the edge of this trough, and thus
the two wings are firmly linked together, so that any
movement of the one drags the other with it. And this

is advantageous in more ways than one. For in the Hymen-
optera, as in insects generally, the chief muscles of flight

are those attached to the fore-wings ; they are far more
bulky and powerful than tho.se belonging to the other
pair, hence the linkage com])ensates for the lack of

muscular force in the hind-wings, and enables them to

partake of the superior .strength of the primaries. Further,
it will be seen that the arrangement by which the books
of the hind-wings lay hold of a fold above them and under
the fore-wings, brings about a still closer union between
the wings during the down stroke when the greatest
power is required for jn-opelling the insect, whereas if they
were attached in the opposite way, there would be a
greater tendency for them to loosen their grip, and so
defeat their purpose.

The books are simply modified hairs, and the hornet
shows a gradual change of form in them as we pass along
the series, from the completely booked and strongly grip-

ping clasper at one end, to the scarcely bent but stout

hair-like objects at the other, which have obviously very

little (lasi)ing power left. The rest of the wing-margin
at both ends of the series is bordered by simple hairs of

the ordinary type. Of course these hooks, under the

most favourable circumstances, are extremely small, and
need the use of a microscope for their examination. But
their power is easily demonstrated in a fresh specimen of
the insect ; for if, by grasping the fore-wing between
thumb and finger or with forceps, we move it in any
direction, we find that the hind-wing of the same side

accom2)anies it in all its movements.
In the Lepidof»tera, the order which contains the

butterflies and,- moths, the arrangement is of quite a
different character. In the butterflies, there is no special

apparatus to link the wings together, but their united
action in the down stroke is assured by the fact that the

fore-wing at its inner edge laps considerably over the hind
one. The depression of the one, therefore, carries the
other with it without difficulty. In moths there are two
different plans for bringing about the same result. Sup-
liose we take such a creature as the Ghost Moth {Hepialus
hnniuli). This is a very common insect, and is remarkable
as having a completely different coloration in the two sexes

;

the male is entirely white above and smoky beneath, while
the female is of a tawny yellow with reddish markings on
the fore-wings. Near the base of the fore-wing at its

inner edge in either sex, a small projecting lobe is seen,

of a membranous nature, but stiff, and furnished with a
fringe of long hair (Fig. 2). The jmints of attachment of

the two wings to the thorax in

this insect and its allies, are so

situated as to leave a small gap
at the base of the wings when
they are spread for flight. This
allows the above-mentioned
lobe to get beneath the margin
of the hind-wing, while the
rest of the fore-wing, as usual,

overlaps ; thus the wing is held, as it were, in a clip, and
the uniteil action of the two is aided to some extent,

though not very efficiently.

This kind of link is found in two families of moths only,

viz., that of the Swifts, to which the Ghost Moth belongs,

and a family of extremely minute moths which rejoice in

the rather cumbrous name of Mirriijilcri/ijiil;)'. As these

minute insects are known ouly to the learned in such
matters, they have no popular name, and we must perforce

FiG.2.—Ri]

Ghost Motb.
;htForo-wingof
a, Jiigiim.
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use their long-wiiuloil family title. AVhile the Swifts are

for tlie most part soljerly coloiireil, the Micrujileri/ijid.-i'

are some of the most lu'illiant insects we possess, ami if

only they were mai,'nitied to the dimeusious of the Swifts,

they would be the admired of all observers. The ground
colour of the fore-wings is usually a deep shining golden

bronze, and this is crossed in some cases with bars of

polished purple or silver. Many of them are common
enough in early summer in llowers or on the leaves of

youug trees, but they are so small that they usually escape

notice, and a lens is necessary to make out fully their

beauties. Both these groups of insects possess this clasping

lolie, and though at one time placed far apart from one

another in systematic classification, they are now often

associated together because of this and other peculiarities,

and many entomologists believe that they represent the

most ancient and ]irimitive type of Lepuloptera to be

found throughoi;t the world:

To observe the other method of linkage that prevails in

the Lepidoptera, almost any kind of moth may be used.

We might, for exam[)le, take such an insect as the Common
Yellow Underwing (Triiiliwiia proiiuha), a moih that is so

abundant as to be within the reach of everybody. Suppose
we take tiret of all a male specimen ; if we separate one of

the hind-wings we see ]>roceediug from a point very near

its place of articulation, a strong, stout, curved bristle

(Fig. 3, <(), which is delicately grooved throughout its

^
Fig. 8.—Bight Hind-wing of Yellow Underwing. o, male; b, female.

length, and ends in a finely drawn-out point. This is only

half the appaiutus, and to find the other part we must go
to the fore-wing. Here, attached to the first of the great

uervures that radiate over the surface of the wing, just

below the anterior boundary, and not far from its base, is

what looks like a sHrelLing or excrescence. To see its true

Fio. -t.—Underside of Base of Right Pore-wing of Yellow
Underwing. a, male ; 4. female ; showing Retlaaeuluiii, r ;

Tiift of Scales, s. Magnilicd 2 diameters.

form, it will be necessary to remove the scales with which
it is thickly covered ; a little brushing with a camel's hair
brush will easily do this, and then it appears as a longi-

tudinal flaj} or coil of

stoutish membrane pro-

jecting from the nervure,
and with its free end bent
under in such a way as to

leave a passage between
itself and the general sur-

face of the wing (Fig. 4, a) .

If we now examine the
moth with its wings in

position as if for flight, we
see that the bristle of the

Fta. 5.—Uuderside of Left ^\'iug9

of Male Yellow Underwing, showing
Spine passing through Ketinaculuui.

hind-wing passes through the loop on the fore-wing, like

a thread through the eye of a needle, and thus ti3e two
wings are linked together (Fig. 5).

Next let us take a female, and deal with it in the same

way. We find now that instead of a single bristle there

are three somewhat weaker ones (Fig. o, h), one of which
is very line, and all are bent at a shar]ier angle than in

the male insect. When wo examine the fore-wing, wc
find that the loop-like retinaculum, as it is called, has

entirely disappeared, and instead of it we find a bunch of

scales pointing in the opposite direction, and s]iringiug,

not from the nervure before-mentioned, but from the next

one farther down the wing (Fig. 4, h). Examining the

wings in jiosition, we find that the cluster of bristles on

the hind-wing is thrust through and entangled in this

bunch of scales, and thus the two wings are held together

to some extent, but of course not so effectually as in the

male insect.

Tlierc is a slight variation from this type in the day-

Hying Burnet moths. These brilliant insects, with their

glossy greenish-black fore-wings relieved by crimson spots

or streaks, and with crimson hiud-wings, form some of

the prettiest ornaments of our grassy hillsides as they fly

from flower to flower in the brightest sunshine. In place

of the customary loop on the fore-wing we find them
provided with a sort of pocket into which the tip of the

bristle is thrust. In the long-winged and swift-flying

Hawk-moths, which are for the most part crepuscular in

their habits, the linking apparatus reaches its highest

development, in accordance with the exceptional vigour

and speed of their flight. In the Poplar Hawk-moth,
however, which is the most sluggish of the group, the

apparatus is quite rudimentary, and this, again, is in

accordance with its habit of carrying its hind-wing, when
at rest, in such a way that its front margin projects

beyond the fore-wings, for this would obviously pi-event

the bristle, if it were present, from being passed through

the loop.

There is another very curious variation iu a group of

small moths called " Pearls." One of the commonest of

these is a long-legged insect generally found amongst
nettles ; it has glossy yellowish-grey wings, marked with

wavy lines, and showing a certain amount of iridescence,

whence its common name " Mother of Pearl " {Botys

verticalis]. In this insect and its allies, the male imitates

the female in being destitute of the loop, and thrusting its

bristle into a tuft of scales.

The difl'erence between the single spine of the male and
the gi'oup of spines which is characteristic of the female, is

more apparent than real. For if the male spine is closely

examined under the microscope, it is seen as before-

lucutioued to be distinctly furrowed, and a transverse

section shows that it is made of several spines which have
cM^lesced. Thus both arrangements consist of a group of

spines, which in the one case are compacted, and in the

other remain distinct.

From this sexual difference one would be inclined to

argue that male moths would exhibit a power of flight

somewhat superior to that of their partners, and it is

certainly true, in some instances at least, that the females

are much more sluggish than the males, and when on the

wing fly more heavily ; but it can hardly be said that this

is generally the case in any marked degree, and even if it

were so, the greater weight of the body in the female

insect might be as effectual a cause of retardation as the

less close linkage of the wings. And further, iu a few

instances, such as the Drinker and Oak Egger moths and
their allies, the males of some of which are extraordinarily

active, flying with great force and speedeveniu hot sunshine,

the wing-links are altogether absent. In these cases,

however, the secondaries, by their great ilevelopment

anteriorly, considerably underlie the jirimarics, and thus no

doubt render the spine and loop arrangement unnecessary,

if not indeed, impracticable.
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PRESERVING AND MOUNTING ROTIFERA.
1?_V Chaules F. Koussklet, Cnnilor, B.M.S.

For Note referrimj to Material, see the MirroKCopy Culumn.

There be low observers of jtond lil'e wIki liavc not felt

i) keen desire to i)reserve aud keeji these small lii^'lily-

(>ri,Muised s|iarks of life instead of lettini^ them die and
disai)i)ear in a few days. For a close study of this s''oup,
well preseryed type specimens are of the j^reatest possible
assistance and inijiortanee. and if such had existed formerly
much confusion an<l inexactitude in their description and
classification would have been avoided, i)articularly in

the s'V'"" of three or four different names to the same
species, which causes so much trouble to the student.
The total abseuce of type specimens of Rotifers to refer

to when required originally led me to attemjit to produce
them, and it is now over ten years since the first successful
exjieriments at preserving them in a fully extended aud
natural state were made. My method, although so simple
now, took fully three years to work out until the right
aud most suitalile narcotic, fixiug agent, and preserviug
fluid were found. By the use of suitable fixiug agents,
not only the external shape of Rotifers can be preserved,
but also all the internal structure to the minutest
anatomical details, such as the striated muscle fil)res,

nerve threads, vibratile tags or flame cells, sense hairs,

cilia, etc.,, and frequently important details can be more
readily ob.served than in the living animal.
As is well known, no killing agent is sufficiently rapid

to prevent the complete retraction of Rotifers, and few
other animals can contract into such a shapeless mass
when we attempt to kill them by ordinary means, such as
poisons, alcohol, heat, etc. It is, therefore, necessary to

use first a suitable narcotic, which has been discovered in
hydrochlorate of cocaine. As a result of many trials, the
best solution for most Rotifers has been found to be the
following mixture :

—

2 % solution of liydrochlorate of cocaine, 3 parts
;

Alcohol (or methylated spirit), 1 part.;

Water, 6 parts.

Another narcotic which is also very suitable for Rotifers
is a one per cent, w^atery solution of hydrochloride of
eucaine, recommended by Mr. G. T. Harris, for Infusoria
and other animals. These narcotics, even so dilute, are
not to be used {sure, as they would cause the Rotifers to

contract at once and not expand again. The principle to

be followed throughout is to use the narcotic so weak that
the animals will not mind it at first, but continue to
expand or swim about freely. After a short time its effect

will make itself felt on their nervous system, aud then
some more of the narcotic may be added, until complete
narcotisation is produced, or until the animals can be
killed without contracting.

But before the operation of narcotising is begun, it is

very necessary to isolate the Rotifers in perfectly clean

water. The best way is to pick them up under a dis-

secting microscope by means of a very finely drawn-out
pipette, having a funnel-shaped enlargement at the other
end, which is covered with an elastic membrane. This
pipette forms a most delicate syphon, by means of which
any selected Rotifer can readily be taken up with the

least quantity of water, and transferred to another trough
or -watch-glass full of clean water. This preliminary
precaution is necessary, because particles of dirt in the
water readily attach themselves to the cilia of dead
Rotifers, rendering them unsightly under the microscope.

Another advisable precaution is to separate the different

species, because most sjiecies rcquii-e a slightly different

treatment, and because the small species too readily

adhere to the cilia of the large species.

Having then isolated a number of frce-.siniinming

liotifers in a watch-glass half full of perfectly cli-an water,
one drop of one of the above narcotics is added and well

mixed. After five or ten minutes, if the animals continue
to swim about freely, iinother drop is added, and so on
until the effect of the narcotic becomes visible, and until

the motion of the cilia, or the movements of the animals
slacken or almost cease, when they are ready for killing.

The effect of the narcotic varies very much with different

species, some are most sensitive to it, whilst others can
stand a consideralile quantity for a long time. Some
])ractice and patience are certainly required to find out
the right time to kill the diiferent species; no general
rule cau be given, as the time may vary from 1.5 minutes
to seviTal hours. It is very essential, however, that the
Rotifers be still living when the killing fluid is added to

prevent post-mortem changes in the tissues which begin at

once on the death of the animals. [To be continued.)

Conducted by M. I.Cro§s
PoMi-i.iFE Coli.kctint; in M.\Rru.—The same species as

those mentioned for February are still to be found and in greater
abundance. .Some new Icfusoria will hare made their appear-
ance, such as Stent'/r puli/morpliiis, which will be found
covering the rootlets of Duckweed and other submerged plants,

Peridiii'ntm lahvhiluin and the free-swimming colonies of Sijnura

ticel/a, etc. Then the very minute and beautiful colonies of
Collared Monads, Codosifja umheUata, and other species of this

group may be looked for, attached to the stems of Vorticella trees.

All the Rotifera forming the winter fauna will become very
abundant in March, and as the food supply in minute Algae
and Infusoria increases, fresh species make their appearance
with every rise of temperature. The following additional

species may be looked for: Brachiomin diii/iilarix ; Xothnlra
acuiiih.uta, sp/Hifera, and Jnhis ; Eurlilania orophu : Diiiorharis

jmcillttm ; lJ!asc]ii:a lucinulata ; Proalex drripiens and prlro-

myzon ; Monoslijla corniila, Di(/!eiia f'orcijiala : liot/fer cidr/aris.

Tetstiiif/ Objfctiri's.—To judge decidedly for oneself whether
an objective is a good, bad, or indifferent one is a matter that

calls for more than ordinary discrimination, and there are but
few workers whose judgment as to the merits of any particular

lens would be accepted without reservation.

It may almost be said that the microscopist who is capable of
judging lenses is born and not made, for while some can almost
by intuition give an opinion which will ultimately prove correct

at almost the fu'st sight of a favourite object through the

objective, others who have had perhaps excellent opportunities

of acquiring skill are unable to arrive at a reliable decision.

Practice, on projier lines, will however greatly assist in

estimating the quality of lenses, and it will be well to enquire

what the elements of a good objective are and what tests can

be applied to determine without doubt whether or no it is

accurately constructed and of good ])erformancc.

The qualities of an objective depend particul.arly on centreing,

corrections for chromatic and spherical aberration, aud accuracy

of manufacture. Beyond these, numerical aperture and initial

magnifying |)ower require consideration.

"We will assume for our ]nir])0se that the objective is made
on a good formula and is constructed ou rational modern
principles such as are adopted by all up-to-date opticians, and
proceed to consider the tests that may be a]iplied. For the

majority of o]>tioal instruments, standards arc set, and if the

specimen under examination conforms to that standard or ia

equal to it, it is considered satisfactory, but the microscojje



March, 1902.] KNOWLEDGE 69

objective has i|ualities under so many jihascs, each Fcries of

lenses having tlieirown peculiar characteristics, that it is almost

impossible to have a standard test for all the iiualities, still it

would be a most advantageous and desirable consummation if

some centre could be arranged where undeniable unjirejudiccd

reports conUl be obtained conccrniug objectives. It might be

that an objective that was admirably corrected for spherical

aberration, well centred and |)osscssing a proper ratio of

aperture to m.agnification would be high in colour when the colour

tests were applied : this would not necessarily be a bad or inferior

lens, and might be superior to an apochromatic in which the

colour correction was -perfect, while the spherical aberration was
not so well controlled. Tests that are applied to objectives

should be as far as possible mechanical ones, that is, such as

will admit of but slight error of judgment, but this is only

partially possible. For instance, the numerical a])erture and
initial magnifying povrer can be determined, the former by
means of the Apertometer, and the latter by the regular rules

laid down in the text-books. Yet in so simple a ])roceeding as

measuring the aperture, there will frequently be a considerable

variation between the re?ults obtained by se|)arate individuals:

even this requires not merely care and skill, but a large amount
of experience. The only way is to take readings several times

and to strike an average for the result. It will, probably, be

found that if four readings be taken, the Apertometer pointers

will be at a ditferent position on each occasion.

After many years of exi)erience in examining and criticising

lenses, I have found nothing so thoroughly satisfactory for

getting at the real accuracy of an objective as the " Abbe Test

Plate.' Its merits are hardly recognised in the miinner they

should be probably for the reason that microscopists generally

are quite, content to take the quality of their objectives for

granted and to refrain from splitting hairs over fine details, but

no man can be a master of his instrument without being fully

conversant with the possibilities or drawbacks which his lenses

may possess. (Tu he ronlinued.)

New MiciiOSCOPE?.—Messrs. R. & J. Beck have sent a price-

list and particulars of the "Imperial" Jlicroscope, a new
instrument di signed by them for critical work.

It is m,ade in four different models and supplied with both
horseshoe and tripod bases. The most complete instrument of

the series on tripod foot has special claims to consideration, for

it is provided with every convenience that the modern worker
with objectives and condenser of high aperture could desire.

All the instruments of the series are fitted with the new two
s|>eed fine adjustment to which reference was made in these

columns in the .Tauuary number.
I am just a little doubtful of the expediency of fitting a

mechanical stage with the controlling milled beads perpendicular
to its surface. In turning them, pressure will be exerted
downwards and there would be a natural tendency for the

object to go out of focus.

By adopting this method of construction, however, the added
convenience of complete rotation to the stage is gained and the

plates of the mechanical fittings do not come in contact with
the substage condenser, a very desirable consummation.

FoRAMisiFKRors Material.—The number of ap()licants for

this so far exceeded expectations, that the supply to each one
had to be limited considerably. Several readers omitted to send

a stamped directed label ; a small quantity may yet be had by
such on compliance with this condition.

M<>i:xTi.si; AM) PRF.rARiNi; Eotifehs.—For the benefit of

those readers who may wish to experiment on the lines recom-
mended by Mr. Rousselet, and who may have difficulty in

securing the specimens, it may be worth while to mention that

both Mr. Bolton, 25, Balsall Heath Road, Birmingham, and
5Ir. Pears.all, Headmaster, Senior Jlixed Board School, Dalton-
in-Furness, supply Rotifera in tubes : the former at Is., and the

latter at Is. lid. per tube including postage.

The Rev. E. J. Hollowaj-, of Clehonger Vicarage, Hereford,
also kindly offers to fupply Rotifer material, particularly

jiliihiiliixi, to readers, in order to further the work of the
'practical'' scheme. It would be courteous if such as avail

themselves of this offer would send a tube with an addressed
label bearing stamps for the cost of the return post.ige.

A lady reader also kindly offers to supply a limited quantity
of ilycetozoa.

CoNSVLTANTS.—In respoDso to the invitation for assistance in

the January number, one gentleman has kindly consented to

name Diatoms and another to identify micro fungi infesting

plants, etc. ; if any who feel able to assist in other departments

will communicate with me, I shall bo glad.

NOTES AND QUERIES.
0. Ei-diix.—The material concerning which you require

information has been kindly examined by Mr. A. Earland,

together with your drawing, and the following is his report :

—

"True coccoliths, /.c, the calcareous surface plates of the micro-

scopic alga Coccospliaera have been found in the chalk and in

other fossil deposits, but they are of rare occurrence."

The term " coccolith ''
is, however, very loosely used by

geologists for the descri|)tion of almost any small plate-like

perforated body, approximating to the true coccoliths in shape

and size.

;Mr. Oswald Evans' figures 1—8 and 10, with one possible

exception (fig. 9), all belong to well-known forms of these

"spurious"' coccoliths, which are of frequent occurrence in many
fossil deposits. Their nature and origin are quite unknown. One
thing only is certain, they have no connection with the true

coccoliths, which have au altogether different structure. Pre-

sumably they are the remains of some organism or organisms

quite extinct and unknown.
The essential feature of a true coccolith is its " double

structure.' Each coccolith con.sists oE two curved plates (oval

in Cm-roxpliiiera /ir/nr/iiu Wallicb, and round in C. Ipplnponi

Murray and Blackman) united by a centnai column, which is

pierced by a median pore. A true coccolith therefore bears

some resemblance to a shirt stud with a hole pierced right

through the middle.

Figure 9, though it does not show this double structure, bears

some resemblance to a true coccolith (of C. leptopora), and
might prove to be one. Figures 11 and 12 are rather curious;

11 seems to be a stellate microschlere from a sponge ; 12 might
be of Radiolarian origin ; 19, 20, 21, are certainly sponge

spicules, and 22 is probably a sponge sterraster with adventitious

perforations.

Rhabdolith is used by geologists in a very wide sense also.

Of the Figures KJ — 18, only two, viz., 15 and 1(3, rotdd be true

rhabdoliths, and the detail of the drawing is not sufficient to

determine this with certaintj'.

Figs. 13, 14, 17 and 18 are almost certainly of sponge origin,

more or less eroded.

J. Searlf, Opurlfi —This correspondent has expressed his

willingness to supply material towards the success of the prac-

tical scheme. He suggests that living in Portugal, there might
be some object or series of objects which would be interesting

to readers. Also he would be glad to exchange material, etc.,

with other microscopists. If any readers would like to com-
municate with this gentleman, I shall be pleased to re-address

their envelopes.

F. R. C. S.—Any of the binocular microscopes made by the

opticians who advertise in this journal would give you
satisfaction. You will find that it is well not to have the
binocular body less than 8 ins. long ; shorter ones have
been made, but they are not ne.arly so satisfactory. The
Wenham, which is the usual kind of binocular, will prove most
serviceable : it can alw.ays be rendered monocular by sliding the
prism out of position, for which provision is made ; the light

then only passes up the monocular tube. Binocular eye pieces

have never proved really comfortable in the tests that I have
made.

t/. //. G. inquires if any method is known of mounting
Cladocera so as to preserve the transparency. He al-so suggests

that some notes on the preparation and mounting of Entomos-
traca might prove interesting. Can any readers give information
or assist in these matters V

G. Fisk.—Seeing that you have a |" objective, it is absolutely

necessary for you to use an illuminating apparatus, you cannot
secure satisf.actory results without it. It its absence you are

not working your objectives to anything like their full capacity,

and you will be surprised at the improvement you will obtain
when the condenser is added.

T. Vclerx.—An article on Microtomes as suggested by you will

appear in a month or two.
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A. E. F.—Vou will find the information you require in an
article on "Tlio Specific (Iravities of Saturated Solutions of
Stains," given in detail in the "Knowledge Diary and Scientific

Handbook for l',)0:J." This is puldislied at " Kn(iwi.ki)<;i; "

Otiice and contains a variety of useful information in addition
to the diary itself.

C. S. Piirrrll.—Anj' of the methods in use for the demonstra-
tion of llagella will show those of the /i. Suhtilln. Perhaps the

best and easiest is the Pitfield modified by Muir (rifle page lllj

of the last edition, Jluir A Ritchie's Manual of Bacteriology).

Communicadonit and enquirirx on Microscopical matters are
cordially ittrltrd, and Dhoultl be addressed to M. I. CROSS,
Knowi.epgk Office, 32t'., Ili;ih llolhorn, II'. C.

NOTES ON COMETS AND METEORS.

By W. F. Denning, f.e.a.s.

Next Rkthbn of IIah.kt's Comet.—As wc draw nearer to the

time of perilielion passage in 1910, the interest in t.lii< objeet will

continue to inerense. There is no other eoniet which has so many
importjint historical associations and whose apparitions can be traced

from so remote a period. It was visible in the year of tlie Norman
Conquest, and its fir.st well-recorded appearance through more
than nineteen centuries to nearly twelve yeai-s before ths Lhristian

era. This comet is only perceptible once witliin the allotted term of

human existence, since it revisits the sun every 77 years, and there

are very few persons who have lived in the particular period and to

the great age necessary to afford them the privilege of viewiiig the

comet at two returns. We may discern that small " Mercury of comets,"

calle<l after the illustrious Eneke, again and again, for its solar visits

arc repeated at short intervals of 3J years, but tlie comet of Halley

ordinarily furnishes but one spectacle at most during a lifetime.

Since the year 12 B.C. the latter comet has nearly accomplished 25

revolutions, and Mr. J. R. Hind gave some interesting details of its

previous apparitions in Yol. X. of t lu^ Monthly Xotices (January, It^oO).

Its period varies, owing to planetary perturbation, between T-iV and

794 years, and the revolution now being performed will be one of the

shortest if not the shortest known in the history of the comet, for the

last periheliou passage occurred in 1835 (November loth), while the

next is predicted for 1901 (May 23), the interval being equivalent to

74 years and 189 days. Dr. t). Smart has furnished some useful

particulars in reference to the next return of the comet (Journal of

the British Astronomical As!tociation,\o\. XII., p. 134-';), and on the

assumption that the perihelion will he readied on 1910, May 23rd,

has computed an approximate e]ihemeris, from which are extracted

the following positions :

—

Hallet's Comet, 1910.

Distauee Apparent
Date.
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The Planets.—Mercury is a inorniug star, baviug its

fjreatfst westerly elongation of 27 41' on the 17th, when

it rises about three-quarters of an hour before the sun.

Venus is also a moruini: star situated in Aiiuarius.

She is at greatest brilliancy on the 21st, on which date

she rises about an hour and three-quarters in advance of

the sun.

Mars is unobservable, being in conjunction with the

sun on the 30th at 1 a.m.

Jupiter and Saturn are both morning stars, the former

in Caiiriccn-uus, the latter in Sagittarius, but as they only

rise about two hours before the sun, they are not well

suited for obser\-ation.

Uranus is near the position indicated last month, about
1^ north of 4-1 Ophiuchi. He is in quadrature on thi- 12th.

and stationary on the 27th, rising on the latter dat'" about

(juartor past one a.m. The great southerly declination of

over 23*^ makes the planet somewhat unsuitable for

observing purposes.

Neptune is the only planet that can be observed in the

evening. He crosses the meridian shortly after 7 p.m. at

the beginning of the month. He is making a short

loojx^ path in Gemini on the confines of Auriga, Taurus

and Orion ; this is shown by the diagram given last month.

The jdanet can be readily found from the triangle of stars

which has a double star for one corner almost 1' soutb of

1 Geminorum, and it is a little brighter than either of the

star pair referred to. The planet can also be picked out

by observations some few days apart, but this is becoming
more difficult since the planet is at the stationary point

on the 10th, after which the motion is again easterly.

The Stars.—About the middle of the month, at 9 p.m.,

the position of the principal constellations will be as

follows :
—

Zknith

South

No britrht constellations in the zenith.

Cancer and Hydra on the meridian ; Gemini
high up, Procyon and Siring, all a little to

the west. Orion is to the south-west, and
Irt'O {Rftjiihiit) to the south-east high up.

Wkst . Taurus, Aries nearly setting, Auriga (Ca^e//rt)

high up. To the north-west Perseus, also

Andromeda low down.
Virgo {Sjtica rising), Bootes {Ardurus). To
the north-east Ursa Major high up, Corona,
Hercules and Veija low down.

Polaris; to the right, Ursa Minor, Draco;
below, Cygnus, Cepheus ; to the left, Cassio-

peia,

^linima of Algol -will occur on the 10th at 1.26 \.sx., on
the 12th at 10.14 p.m., and on the 1.5th at 7.3 p.m.

East

North

€f)t5S Column.

By C. D. LococK, b.a.

Communicationa for this column should be addressed
to C. D. LococK, Netherfield, Camberley, and be posted
by the 10th of each month.

Solutions of February Problems.

(P. H. Williams.)

No. 1.

1. R to Kt8, and mates next move.

No. 2.

Kpy-move.—\. B to B2.

If 11. .
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No. 2.

By E. G. B. Biiilow.

Black (I).

\%\

MJm^m

White (8),

White mates in three moves.

CHESS INTELLIGENCE.

An International Chess Tournament is now in progress
at Monte Carlo. There are twenty competitors. Dr. Lasker,
who now holds a mathematical post at Owen's College,
Manchester, and Messrs. Blackburne and Burn being the
most notable absentees. A feature of the tournament is

the return of Dr. Tarrasch to public play. The score will
be given next month.

A Collection of Seven Hundred Chess Problems, by Mrs.
W. J. Baird, is announced for publication this moiith bv
Messrs. Sotheran & Co. The diagrams will be printed in
colours, and the volume will contain a portrait of the
author. The edition will be limited to 500 copies, the
price being 10s. 6d. net.

THREE-MOVE PROBLEM TOURNEY.

1st Prize, One-and-a-Half Guineas; 2nd Prize, Fifteen

Shillings; 3rd Prize, "Knowledge" free for 12 months.

The Conditions are as follows :— '

1. Each competitor may send not more than one three-move unconditional
direct-mate problem (diagrammed).

2. Competing positions must bo original and unpublished.

3. Each problem must be accompanied l>y a motto and full solution, with
a sealed envelope containing the composer's name and address.

4. Comi»eting positions much reach Mr. C. D. Locock, Netherfield,
Camberley, England, on or before April lOtb, 1902.

5. The Chess Editor reserves the right of excluding manifestly impossible,
unsound, or inferior jwsitions.

6. The adjudication will be partly by solvers and partly by the Chess
Editor.

All solvers who solve correctly every problem will be
entitled to vote on their merits. The six or eight

problems thus selected will then be adjudicated on by ihe

Chess Editor, whose decision will be final.

A Solution Tourney will commence in the May
number. Full particulars will be given next month ; in

the meantime it may be stated that the winner will hold
for 12 months a Silver Challenge Trophy, which will

become his projjerty should he win it three years in

succession, or four years altogether. Second and Third

Prizes will also be given, viz. : 1.5s., and Knowledge for
one year respectively.

The Challenge Trophy consists of a silver Castle
on an ebonised pedestal, the whole standing 7^ inches
high

;
the silver portion being 6 inches high. The Trophy

is adorned with shields for the inscription of the title and
winners' names.

"KNOWLEDGE" CHESS TROPHY.
(About half natural she.)

All manuscripts should be addressed to the Editors of Ksowledge, 326, High
Holborn, London ; they should be easily legible or typewritten. All diagrams
or drawings mteiiUea for reproduction, should be made in a good black
medium on white card. While happy to consider unsolicited contributions,
which should be accompanied by a stamped and addressed envelope, the
Editors cannot be responsible for the loss of any MS. submitted, or for delay
in its return, although every cire will be taken of those sent.

Communications for the Editors and Books for Review should be addressed
Editors, K-Nowledgk, 326, High Holborn, London.

For Contents of the Last Two Numbers of "Knowledge," see

Advertisement pages.

The yearly bound volumes of Knowledge, cloth gilt, 8s. 6d., post free.

Binding Cases, Is. 6d. each
;
post free. Is. 9d.

Subscribers' numbers bound (includmg case and Index), 2s. 6d. each volume.

Index of Articles and niustrations for 1891, 1892, 1894, 1893, 1896, 1897, 1898,
1899, 1900, and lAH can be supplied for 3d. each.

All remittances should be made payable to the Pubhsher of " Knowledge."

" Knowledge

'

Annual Subscription, throughout the world,

7s. 6d., post free.
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THE NOBODIES,-A SEA-FARING FAMILY.
By Rev. T. R. R. Stebbing, m.a., f.r.s., f.l.s.

CHAPTER II.

A MAKER of proverbs has asserted that the unexjiected
always ha])pen8. Yet there would be somethinj^ tedious
and paradoxical in alwiivs expeetm<j it. Even the
fre<juencv of its occurrence, however proper to be urged as
an inducement to thrift, is little more in itself than a
measure of human ignorance. As a rule i)arallels are
soon found to things that at the first glance appear
unique or completely unconventional. Our present sub.
ject may seem to have even less connexion witli tlie

Chinese empire and archaic customs in the south of

France than with toads and fishes. Yet all these can throw

a certain illustrative lii;lit iipnn it. The Chinaman i.s

said to make an excellent nursemaid. By the custom of

the couvade in Provence, when a chiW is born, it is the

father who takes to his bed. The Surinam Water Toad,
Pipa aiiiifii-aii/t, carries her eggs when laid and until

hatching in little pits on her back. If you wonder how
they get there, you are told that the arrangement is due
to the skilful care of the male parent. Among the so-

called pi])e fishes it is no longer a question of easing the

mother's burden by a transfer of the eggs from one part

of her body ti> another. Her mate takes upon himself the

entire charge of them. Either they are gummed to his

yielding and solicitous breast, or as a masculine marsupial

he receives them into the safe keeping of a special ventral

jwuch. How little such things fall in with ordinary and
l(ing prevailing ideas of what is natural may be judged
from the following narrative.

It has been already explained (Knowledge, Vol. XXV.,
p. 3y) that in the Pycnogouida there are normally seven

pairs of limbs or ajipendages more or less limb-like. In

sound adult specimens the last fimr pairs are always

present, but of the first three oue pair may fail, or two, or

all. It is -with the third of the first three that we are

immediately concerned. These are always much slighter

and shorter, though they sometimes have more joints,

than the long clambering legs behind them. Their attach,

ment too is somewhat different, being rather ventral than
expressly lateral. Those that are most numerously jointed

have the last three, or four, or five joints coiled in a

helpless looking way, and anyone regarding these appen-

dages as walking-legs might be inclined to think them a

Ovigerous leg of Pallenop.tisJInmitipnsis (Krojer). After Meiiiert.

mistate or a case of arrested development. He would
perhaps congratulate the genera and species that had
dispensed with organs so inefficient. Quite at the outset,

however, in the history of the group, it was observed that

these appendages when jireseut bad one important

function for which they were well fitted, that of carrying

the eggs. Obviously for the naturalist they carried like-

wise the advantage of enabling him without trouble to

decide the sex of his specimens, whenever the ova happened
to be present. Tlie ingenious Dutchman, Job Baster,

previously mentioned, having many specimens of Pi/cno-

grmiim liflorah at command, had further observed that

some of them were entirely devoid of these ovigerous legs.

That was still more convenient, as making clear the sex of

the si)ecimens, whether the eggs happened to be present

or not. For eighty years indeed this facility was up-

held bv scientific teaching, till in 18-45 it was demolished

bv Henrik Krciyer, the masterly naturalist of Denmark,
who poiutod out that in several genera and species the

appendages of the third pair were constantly present,

whether the specinien.s were male or female. In 1849

M. Dujardiu pulilished the mystifying account of a

Pycnogonnm IHt'trale which had eggs ready to be laid,

but no ovigerous leg.s on which to lay them. A similar

s[)ecimeu was described by Dr. P. P. C. Hoek in

1877, and a female Pho.richilidinm in like circumstances

by Dr. Semper in 1874. Dujardiu left the difficulty alone.
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Semper tbouj^ht. that the legs would lie developed l>y the

time they were wanted. Hoek inferred that some females

could do without them. Hoek was right so far as he

ventur(>d to go. A still more complete solution of the

enigma, which had remained unsolved for more than a

hundred years, was on the eve of being jmblished. In tlie

same year, 1877, the Italian author Cavanua announced
the surprising but no longer deniable fact that it was not

the female at all but the male on whose ovigerous limbs

the eggs were supported. There may be but a single

clump carried by the two legs in common, or on each leg

a packet, or several packets, or the eggs distributed singly.

Lateral view of Chcefonymphon hirfipes (Bell) ; the walking legs

omitted. After Sars.

Whatever the variations of arrangement, a large clutch of

small eggs or a small clutch of large eggs, or otherwise,

with them all it is the father that is the fostering nurse.

Nor does he undertake the duty in any casual way, without
the highly-developed preparedness that befits so tender an
office. Seeing that he may upon occasion be required to

take charge, not of twins or triplets merely, but of a
thousand eggs in one cargo, it is just as well that he
should have some appliances ready for this multiple

trusteeship. Now, as explained by Dr. Dohrn (" Die
Pantopoden des Golfes von Neapel," pp. 33, 67), in all

males but not in the females of the Pycnogonida the

fourth j<jint of the ambulatory legs is provided with a

gland which through apertures one or many exudes a
viscid secretion. Dohrn, probably with an eye to the

masquerading ingenuity of spider-crabs, proposes to

explain the use of this cement as enabling the animals to

coat themselves over with extraneous articles. To this

Hoek pertinently objects that in the economy of this

group adhesive patches from the outside world or dis-

figuring disguises of any sort are very far from being
coextensive with the occurrence of the glands. Besides, a
much better explanation is available. Since Dohrn him-
self specializes the glands as a masculine feature, one can
scarcely refrain from agreeing with Hoek's suggestion
that their purpose is to agglutinate the eggs about the
appropriate paternal limbs. Nevertheless it must be
admitted that in one remarkable genus to be hereafter

noticed, though there are ovigerous legs in both sexes, no
observers have yet found these legs with ova adherent to

them in either sex. Also in a solitary example of Nymphon
hrevicaudatum, Miers, Dr. Hoek found the exceptional
combination of highly-developed ovaries and a distinct

egg-mass on the ovigerous leg. The explanation of this

might be tliat a female specimen had casually developed a
male characteristic, or that a father not too seriously

devoted to his domestic duties had for once stuck the eggs

on to his wife's leg instead of his own.
Since many females retain these limbs, on which perhaps

in a past age they regularly carried the ova though they

carry them no longer, the enquiry will be made, why do

they still retain the liml)s without the office? The answer

to this is that they have an additional function which

explains their retention. Only, this answer does not seem
very flattering to the females which have given up the

limbs. For the function intended is that of cleansing

feet. For this no doubt they are as well adapted as the

paw of the domestic cat or as the curiously modified

appendages in some of the Entomostraca, which the

Germans have called Putzfiisee or dressing-legs. One
may charitably suppose that the female Pycnogonids no
longer possessed of this wholesome apparatus satisfy

decorum by employing in its stead the larger but very

similarly constructed ambulatory limbs. The latter in

this community show no averseness to the adoption of

anomalous functions.

The attendance of the males on the business of the

nursery is susceptible, as we have seen, of illustrative

comparisons. Not so easily will a zoologist, by appealing

to common fame, detract from the uniqueness which the

other sex exhibits in the position of the ovaries. To the

thorough philosopher and to the thoroughly ignorant all

things are much on a level as alike miraculous or alike

common-place, but to the general ruck of us who know
just enough to derive pleasure from knowing more, the

discovery that eggs can be developed in a creature's leg is

generally when first made an exciting experience. In the

famous apologue by which Menenius Agrippa drew back

to their allegiance the revolted populace of Kome, his

point was that the body politic resembles the organization

of an animal, in which, however active and hardworked
and unpampered the limbs may be, they would speedily

lose their place and power in the

world, were it not for all that goes on
in the trunk to sustain the life of the

individual and secure the permanence
of the species. A plebeian, a prole-

tarian, with natural knowledge some
two dozen centuries in advance of his

age, might have answered that there

was no absolute need for any such
monopoly on the part of the trunk

;

that in the Pycnogonida, small

antmals abounding on the shores of

Italy, the limbs had asserted them-
selves and known how to reduce the

body to proper subordination and
insignificance. This at any rate is the

case, that in the marine animals we
are now considering nature has chosen
to follow a course different from that

pursued in mites or myriapods, insects

or crustaceans, spiders, harvestmen, or

scorpions. Here only, so far as at Fourth ioint of an

present appears, have we the intestine ambulatory limb of

of both sexes and the ovary of the
^fter'sar/''"''''"*'"'*'

female prolonged far into the limbs.

Many of the species have an integument sufficiently trans-

parent to exhibit these iutra-crural peculiarities without
the least pretence of prudery. Pallene brevh-ostrii!,

Johnston, first recorded from Great Britain but by
no means confined to our islands, is one of these
pellucid species. That the same or closely related,

forms have been variously named empiisa, phantoma,
spectrum, as though they were disembodied spirits, is

due to that corporeal meagreness which is more or less
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characteristic of the whole <»roiip. There is also a

Pallene emanaln, the starveling Palleiie. Some may Ije

incline*] t« sutj.tj<'s' *'"*' '* ''^'^^ ''"' ^'"•''y teniiity of the

almost evapijr.itins,' trunk tiiat put a force upon nature to

make a grotesque use of the jointed legs. Nothing of the

kind can be truly urged. In the Ca]>rillidea, where also

such names as sixH'tre-shrimp and skeleton-shrimp are

applicable and have actually been applied, and in equally

thread-like amphipods of the genus Khahdnsomn, no such

deyice is made use of. Nature there arranges that the

intestinal and ovarial apparatus shall In- in their ordinary

situation, and, as though to prove an unfettered iude-

jiendence of action, goes about in those very instances to

diminish the num'^er or the size of the jointed limbs.

Pallene breviroslrU, Johnston. After Sars.

From the figure of Pallene it will be seen that the eggs

are formed in the dilated fourth joint of the walking-leg.

This is their usual ]>osition, and they occur not in one leg

onlv but in each of the eight. The sexual ojjeuings of

both male and female are in the second joint. Asa rule

those of the female are found in the second joint of all the

eight legs, those of the male only in the last two pairs,

though sometimes in the last three or limited to the last

jKiir of all. The genus Pycnogoiium has them for both

sexes only in the last pair of legs. Though so strangely

ramified and well provided with orifices the ovary is found
to be, strictly speaking, a single structure. This, however,

is subject to the presumption from analogy that at a

particular point of the body two members of an original

pair have coalesced. The ovarial prolongations usually

extend only to th • end of the fourth joint of the leg, but
Dr. Dohrn describes a species, found commonly in the Bay
of Naples, and named by him Clotenia conirostris, in which
the ovaries extend to the end of the sixth joint in all the

legs, •' producing along the whole stretch ripe eggs which
are of considerable size and give the legs a striking

appearance."

The numljer of eggs that are laid, or at least that the

male has to take charge of at any one time, is very variable.

In the genus Pallene, Professor Sars and Dr. Dohrn call

attention to the fewness of the eggs. In the British

species P. breviroatrie, Sars says that they are as a rule

about six on each leg, and he speaks of them as similarly
few in number in P. produrta. a species which he describes

from Norway. A specimen, however, taken off Millport
iu the Clyde, having characters which seem to justify its

identification with P. prodiictn, carries thirty-eight eggs in

one packet and forty-six in the other. This species does
not appear to have been previously recorded from Great
Biitain.

An Irishman explained the want of hospitality from
which he had suffered by saying that no one had thought

of asking him, Have you a mouth, Patrick ? In the

Pycnogonida there is indeed a mouth, though to match
the rest of the structure a peculiar one, of which the

descriiition must bo deferreil to a later opportunity. It is

mentioned here as undoubtedly the orifice through which

food is introduced, and because it leads as iisual into the

intestine of which some other characters are so very un-

usual. It might be thought singularity enough for an

alimentary canal to push prolongations through numerous
joints of the strongly geniculating limbs and sometimes

also into the proboscis of its owner. But this is not

suflBciently exceptional by itself to satisfy the Pycnogonida.

With crustaceans the Intestinal tube, whether it be straight

or curly, is very commonly made conspicuous to the

observer and defined throughout its course by its dark

and compact contents. There is a column of residual

matter from the food which has served its purpose of

alimentation. There are arrangements for the expul-

sion of these waste products from the body. But
iu the Pycnogonida no such residuum is perceived,

even when their bodies are so translucent as to show
clearlv the ganglia and commissures of the nerve-chain.

No naturalist appears to have witnessed in these

animals that expulsion of reliquioe, of which most

arthropods and vertebrates are at little pains to make
any concealment. There are, however, the requisite

muscles for opening and closing the aperture of the caudal

segment, and of this Dr. Meinert remarks that " the

intestinal canal opens in the end of it with a weak
squirting apparatus." But Meinert's observations were

made on presei-ved specimens, whereas Dr. Dohrn says :

"In spite of hundreds of observations of living Pycnogonida

under the microscope I have never seen the exit of solid

material from the terminal orifice, nor ever remarked

coloured fluids iu the end part of the intestine." He is

driven, therefore, to sujipose that these creatures can

avoid importing into their organism anything indigestible,

or that they can iu some way absorb all that they actually

swallow. It seems a truly ethereal system of eating and
drinking. Dohrn thinks that it may help to explain

another difficult point. The Pycnogonida have no traclieoe,

no lung-books, no branchiae, and in Dohrn's opinion the

iutegument is not permeable for that interchange of gases

which is necessary to respiration. Yet they must breathe,

and as the terminal aperture has been redeemed from

vulgar uses and left with nothing to do, he lets them

Barana castelli, Dohrn. Only appendages of right side shown.

After Dolirn.

breathe through that. Hoek inclines to think this solution

of the problem rather rhapsodical, or as one might say

Aristophanic* He prefers to believe that the skin is in

See Aristophanes, The Clouds, line 159, but compare also Huxley,

The Cravfish, note viii.
, p. 353.
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truth ros]>iratorj. Whatever the ri<,'ht exjihiuation may
be, Dr. Dolirn was eueourafjeii in his view of the matter
hj an incideuta.! result to which other investigations gave
rise. He cut in two a. specimen of his .species Burana
riiftilli, for the sake of examining its anterior half. The
remnant, which eonqiri.sed the last three pairs of legs,

was thrown back into the water. To his astonishment
this (liiiiidinta Baraiia, this headless section, the brainless

hinil-quarters of an animal, " lived for many weeks, the
movement of the fluids of the intestine and body went
regularly on, the creature moved its limbs completely like

an luidamaged sjiecimen, even the eggs appeared to grow
more and more mature." Once again it must be allowed
that if not the wholly unparalleled, at least the very much
unexpected had come to pass. In detachment the leg

of a " harvestman " (Phalangium) by its long-continued
twitchings presents an uncanny and reproachful appear-
ance, but that is only faintly comparable with the spook-
like behaviour of this Barana, which walked and all but
talked weeks and weeks after its head was cut off.

VEGETABLE MIMICRY AND
HOMOMORPHISM.-II.

By Rev. Alex. S. Wilson, m.a., b.sc.

The curious shapes of some exotic orchids are probably
advantageous from their resemblance to insects and
birds. One of our native orchids IJsfrea uvnfn has a

Fig. 3.—Orchid and Beetle.

flower which in shape decidedly resembles a species of

beetle, Gramninptera heri.^, by which it is fertilised.

Perliaps in this case the insect mimics the flower, as

certainly happens with a pink-coloured Mantis in Java,
which so exactly resembles a pink orchid that butterflies

are attracted to it in mistake. The insect is carnivorous,
and lies in wait for its prey, which is easily secured
by the help of this strange disguise. Mutual resem-
blances of this description are rather characteristic of

the Orchidacese. From their resemblance, real or fanci-

ful, to butterflies, moths, bees, spiders, &c., various species

m
FlO. 4.—Orchids re.-seniblinf; Insects.

of Jl iihrnrnid, .Xrotiiiin and Oplinj.-: derive their names
the butterily, spider, bee and fly orchises.

In the orcliid Ophryu munrifera are two little pro-

tuberances regarded by the late H. Miiller as pseudo-
nectaries. Of this class of deceptive contrivances, how-
ever, we have a i)ett.er example in PariiaKsia palu Hit-in,

one of the saxifrages. This flower ha.s five fan-like scales

alternating with the stamens; the margins of the scales

Fig. 5.—Pseudo-nectaries of Parnassia.

are fringed with hair-like processes, and each hair is

capped with what appears to be a drop of honey. These
ai-o really hard dry knobs, but so much do they resemble
drops of honey that flies lick them before discovering

the imposture. The intention of these sham nectar-

drops may either be to decoy unpi-ofitable guests from
the real nectar, of which a limited supply is produced
in the hollow of each scale, or to advertise it for the

benefit of the more intelligent visitors.

Somewhat analogous to these pseudo-nectaries are the
greenish swellings which arise on the veins of the petals

of Eremurus. These little swellings present a striking

resemblance to aphides or plant^lice, and Kemer states

that a fly accustomed to hunt after aphides pierces and
sucks the swellings, apparently mistaking them for the
insects.

Relations which remind us of the pink orchid and
Mantis mentioned above, seem to exist between the little

bladders of Utricuhirin and the entoniostracans. The
bladder-wort is a carnivorous plant with small sub-

merged vesicles in which minute insects and entcmo-

FiG. 6.— Bladilcrwort and Entoniostracans.

stracans are caught. In shape these little traps of
Utricularia are not unlike the body of a crustacean

;

the stalk corresponds to the tail, and near the entrance
of each bladder are several antcnnre-like filaments so
resembling certain appendages of the crustaceans that
they impart to the structure a ludicrous resemblance to
su(-h an entomostracau as Daphne.
This curious likeness was remarked
by Mr. Darwin and can hardly be
altogether accidental

;
perhaps the

prey is more readily induced to

ap]iroach the snare by reason of the
rosemlilanee. Here also may be men-
tioned the imposture practised on its

victims by Darlingtonia, another
insectivorous plant. In the hood of

its pitcher-like leaf are several trans-

parent spaces through which the light

shines into the interior ; to these the
imprisoned flies are attracted and
thereby diverted from the only open-
ing through which escape is possible. Mistaking the

Fio. 7.—Leaf pitcher

of Darlingtonia.
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" windows " for real openings the captives exhaust them-

selves in vain efforts to regain their liberty aiid are

ultimately precipitated into tiio depths of the pitcher.

Tho flowers of the ox-eyo daisy and the feverfew are

very much alike, and this was adduced by tlio lat«

Mr. Grant Allen as a possible case of mimici-y. But
tho ])robabilitv is that in this iust<»ncc the resemblance

is merely homomorphic. Tho coloui-s of flowers arc

distinctive as well as atti'active. Where two species of

plant grow together and are in blossom at the same time

it is to their disadvantage to have the flowere of the

one mistaken for those of the other. To secure cross-

fertilisation it is needful that the insect visitors pass

from one flower to another of the same species, other-

wise the pollen will bo conveyed to the stigmas of the

wrong species. It is of importance tliat the fertilising

agents should bo able readily t-o distinguish difl'crcnt

flowers, and this is no doubt one reason for the diversity

of their colours, shapes and odours. This circumstance

must operate as a check against the production of

mimetic blossoms; it will not, however, prevent flowers

from acquiring a likeness to any object other than a

flower.

Mimetic resemblances are much more numerous
among fruits and seeds than in flowers. A very curious

example is Ophicaryun paraJuruni, the snake-nut of

Demerara, inside which is the coiled embryo resembling
a small snake. Among others mentioned by Lord
Avebury are Tricosanthes anguina, the pod of which
assumes a snake-like guise; Scurpiurus vermiculafa, with

Fi8. 8.—Mimetic Seeds.

pods in the form of a wonn or caterpillar ; S. suhvillom
•Dd liiserrula peltciniis!, where the resemblance is to a
centipede and certain lupines with spider-like seeds.
The seeds of Abrus ^^rffa^or/u.s, Martynia diandra,
Jalropha, the castor oil plant and the scarlet runner
mimic certain beetles. The presence of a caruncle repre-
senting the head of the insect lenders the imitation
more complete; this structure takes no part in
germination, and Kerner is of opinion that it prevents
the ants from attacking the substance of the seeds which
they dra^' about from place to place. The ox-tongue
and cow-wheat have worm-like seeds, and several plants
have fruits difficult to distinguish from littlo pieces of
dry twig. Tho jet-black, shining seeds and achcnes of
Detphinnm, Hdlehorug, Junnis, Atriplex, Puly(joninn,
etc., are easily mistaken for beetles; tho brightly
coloured seeds of Iris Germanica aie also in all
probability mimetic.
Tho beautiful glossy scarlet and black piebald seeds

of .Virus known as rosary beans perhaps escape
destruction through birds mistaking them for some
nauseous insect gaudily attired in warning colours. But
from tho manner in which the seed vessels of IrU and
Abrus dehisce and expose their seeds the brilliant colours
of the latter would appear to subsei-ve dissemination
rather than protection. Such hard seeds are probably

dispei-sed through tho agency of insectivorous birds,

which seizo them in mistake for their more legitimate
prey. According to Lord Avebm-y the beans of Abrus
mimic tho beetle Artemis circuinustd. The smaller seeds
known as crab's eyes aro coloured in an analogous
manner. These cases are tho less surprising if we have
legard to the fact that the great majority of dry fruits,

Fio. '.».— Piebald Beans of Abrus.

though green while growing, become black or brown
when they fall to tho ground, so that their general tint
corresponds with their surroundings and tends to
concealment.

THE ARCETRI OBSERVATORY, FLORENCE.

By W. Alfred Park.

The beautifully illustrated brochure* on the Arcetri
Observatory, just issued by its Director, Prof. Antoion
Abetti, draws attention to an institution which, standincr
as it does on the classic ground dedicated to the memory
of Galileo, and overlooking the broad valley of the Arno,
possesses an interest equalling that of many a lart^er
and better known observatory. As far back as the
year 1774. Florence, which could justly claim to be con-
sidered the intellectual capital, as it was nearly a century
later, if but for a short period, the political capital of
Italy, possessed a small observatory divided into an
astronomical and a meteorological "department, which
formed part of the building of the Museum of Science and
Natural History, occupying a wing of the Pitti Palace, in
the Boboli Gardens. The history of this museum is in
itself of extreme interest, as it was established under the
nilers who succeeded Ferdinand II., Grand-Duke of
Tuscany (1621-1670), during whose reign was founded its

more celebrated predecessor, the famous Accaclemia dd
Cimento, itself called into existence by the works of
Galileo and his school.

Among the earlier astronomers who worked at the
Florence Observatory may be mentioned De-Vecchi, who
died in 1829, and Pons, celebrated for his cometary
researches. Amici, who succeeded Pous in the director-
ship, was a noted physicist and optician of his time, and
did much to re-establish for Florence the reputation it had
enjoyed in Galileo's time as a centre for the construction
of optical instruments. Amici's objectives were justly
celebrated, one of his best and, at that time, one of the
largest in existence being tho excellent ll-.5-inch object-
glass still in use at the Obs(.'rvatory. The chief astronomical
activity of Florence, however, may be said to have
commenced with Donati, who, towards the end of 18.59,
succeeded Amici as Director of the Observatory, and
through whoso exertions principally the astronomical
dc|)artment was transferred to its present more favourable
position on the hill of Arcetri, to the south of the city
and quite close to the villa where Galileo died. Donati,
who commenced the construction of the new observatory
building in 1869, had already become universally known

• " L'osservatorio Astronomico di Arcetri ; Appunti Storiei ed
lllustrazioni." Firenze, 1901.
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in connection with the great comet which bears bis name.
This comet, detected by him in Florence as a faint

nebulous spot, on June 2ud, 1858, developed in a few

Arcetri Observatory, Florence (Soutli Front).

months' time into one of the most superb celestial

spectacles ever witnessed, its nucleus rivalling Ai-cturus

in splendour, while the tail extended over an arc of forty

degrees, forming a magnificent object in the autumn skies

of that year which it graced for one hundred and twelve
days. The building operations, which lasted some three

years, being completed, the new Observatory was formally
opened on October 27th, 1872. Donati, however, was
unhappih' not destined to long enjoy the advantages of

its improved position, for he died suddenly on September
ISth, 1873, but forty-seven years of age. For a brief

interval, under the care of an assistant, the Observatory
came, in 1875, under the management of Temjjel, who,
adding the skill of an accomplished draughtsman to his

accuracy as an observer, executed a quantity of very
beautiful drawings of nebulae with the aid of the A.mici

equatorial, noticed above, and smaller instruments. During
Tempel's directorship, however, certain structural defects

had made themselves apparent, so that at his death in

1889 considerable alterations were vmdertaken which have
brought the building and its instrumental equipment into

line with the most exacting modern requirements, and,
under the present Director, the Observatory has taken up
an important position among the observatories of Italy.

Such, in brief, is the history of an institution which may
be said to have sprung directly from the founder of ob-
servational astronomy, and it was but fitting that Prof.

Abetti, in his inaugural address delivered at the re-opening
of the University of Florence for the present session,

should have drawn attention to the close relationship
existing between Galileo and his school, and the Ai-cetri

Observatory. Indeed, the spirit of Galileo seems to per-
vade the classic hill of Arcetri on which the Observatory
stands, for close by lies his villa, il Gioiello, where he was
visited by Milton, in 1638, and where he spent the de-
clining years of his life, having been chiefly attracted
towards this spot by reason of its proximity to the Convent
of San Matteo, where his two daughters, Suor Maria
Celeste and Suor Arcangela, lived as nuns. It was iu this
villa that Galileo sought retirement after returning, still

a prisoner, from his memorable visit to Rome, whither he
had been summoned by Pope Urban VIII. to abjure
before the tribunal of the Inquisition the " heresies " of
the Copernican doctrine ; and it was here that his

favourite daughter, Suor Maria, undertook the filial task
of reciting weekly the seven ])enitential psalms which
formed part of her father's sentence. Now it was that
the great astronomer was justly characterised by Byron

as "the starry Galileo with his woes," for he was soon

struck with total blindness. " The noblest eye," as his

friend Castelli expressed it, " was darkened—an eye so

gifted that it may be said to have seen more than the

eyes of all that are gone, and have opened the eyes of all

that are to come." His death followed but a few years

afterwards, on the 8th January, 1642, wheu he was in the

seventy-eighth year of his age.

Its associations alone would thus ensure for Arcetri an

honoured position among observatories, quite apart from

the fact that it occupies a site which, for historic interest

and natural beauty of surroundings, is almost without a

rival in Europe. Standing on the terrace of the Observa-

tory, the eye ranges over a magnificent prospect, which is

bounded on the eastern horizon by the wooded heights of

Vallombrosa, and on the western by the distant Carrara

Mountains, while southward lie the beautiful hills of

Chiauti, and on the other side, Fiesole, and the lofty spurs

of the Apennines, at whose foot lies Florence in the broad

"valley down which the yellow Arno steals silently

through its long reaches to the sea."

ASTRONOMY WITHOUT A TELESCOPE.

By E. Walter Maundee, f.r.a.s.

Xn.—THE MARCH OF THE PLANETS.

The nightly procession of the stars across the sky was not

the only celestial movement which impressed the observers

of old. The coming and going of the planets held an

even stronger attraction for them, and the mystery of

their wanderings, which seemed at first sight to be so

lawless, was the subject of much deep speculation. But
this field of work has been so completely occupied in

modern times by the transit circle and allied instruments

that it is now hopeless for the " Astronomer without a

Telescope" to dream of obtaining results of any real value.

The only thing that he can do is to imitate his fore-

runners and to familiarise himself with the apparent

motions of the planets as they present themselves to the

naked eye.

In this work he will find that the five planets within the

reach of his unaided sight divide themselves into three

groups. The first group includes Mercury and Venus,

which moving in orbits interior to that of the earth, can

never come into opposition to the sun, but oscillate

backwards and forwards on either side of him. Both of

them are therefore most easily observed when they are at

their elongations. Of the two. Mercury, being much the

least bright, since he is smaller, and has a less reflective

surface than Venus, is by far the more difficult object, a

difficulty increased by the fact that his elongation cannot

under the most favourable conditions amount to 28°,

whilst the greatest elongation for Venus is nearly 48^.

For reasons corresponding to those which were considered

in the preceding chapter as regulating the most favourable

conditions for observing heliacal risings and settings of

stars, the most favourable position for Mercury to be seen

as an evening star is when his eastern elongation occurs

near the spring equinox ; his most favourable position for

observation as a morning star is when his western

elongation occurs near the autumnal equinox.

Comparatively few dwellers iu England have seen

Mercury with the naked eye, unless they have persistently

searched for liini, and hence the idea has ariseu that

there was something very remarkable about the kuow-
ledjge which the ancients had of this planet. But as

Colonel Markwick remarked in a paper iu Knowledge
(July, 1895, p. 152)—"To anyone who has seen that
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planet iu the latitude of Greece, it would seem a

most remarkable thing if the pkuet had not been seen

and notfd as tuch." Tliis proceeds partly from the

ulimates of Chaldea, Ej^ypt and Greece beinj^ far better

than that which we possess here in Euslaud. But in

.uldition to this the greater nearness to the equator of

these countries involving that the daily path of the sun

and planets was more nearly perpendicular to the horizon,

and that twdight was much shorter, gave thetn an

immense advantage over us for observing this planet.

The interval between an east elongation of Mercury aud

tiie following west elongation is a little over six weeks,

Mercurv passing between the sun aud the eartli in the

meantime. The interval from west elongation to east

elongation. Mercury passing behind the sun, is a little

over ten weeks, the mean periods being 43i days and 72^

davs respectively. The mean interval therefore from one

elongation to the same elongation again is llt5 days.

Since therefore Mercury goes through the complete cycle

of his positions with regard to the sun in a little under

four months, there must be at least one favourable con-

figuration in every year. In general tliere will bo two or

three. The attentive watcher therefore should have no

difficulty in catching sight of the elusive little planet at

at least one elongation in each year.

The motions of Venus are similar in character to those

of Mercury, but are performed more slowly, and the arc

through which she swings is a wider one. The mean
l^eriod from east elongation as an evening star to west

elongation as a morning star is 1-13 days, whilst it is

441 days from west elongation round to east ; the entire

synodic jieriod therefore being 584 days. There is of

course no diflicnlty at all in recognising Venus when she is

near her elongations for she is then the most brilliant star

in the sky, but some interest attaches to her changes of

brightness. These changes depend upon two circum-

stances : the one, the distance which she is from the earth,

and consequently tlie aj>jiarent size of her disk ; the other,

upon the amount of that disk which is lighted up by the

sun, in other words upon her phase angle. The disk is

greatest when Venus is between the earth and the sun, but
at such a time the face she turns to us is necessarily in

darkness. On the other hand, when she is in superior

conjunction, that is to say on the further side of the sun,

her disk is entu'ely Uluminated, but it is then at its

smallest size In both cases she is invisible since she is

in full sunlight.

At elongation her disk is much larger than at superior

conjunction, so much larger indeed that though it then
ap]»ears like a " half-moon," it gives us three times the

light which it would do could we observe it when it was
full. But as she passes from east elongation towards
inferior conjunction, the increase in apparent size com-
pensates, and more than compensates for the decrease in

phase, until half-way between the two positions her light

is four times that at superior conjunction. Prom this

point the effect of phase is greater than that of increase of
size. The time of greatest brilliancy therefore is some 36
days before inferior conjunction, and again 36 days after.

Then a period of 512 days will ensue before Venus returns
a second time to her greatest brilliancy as an evening star.

And as five times 584 days— the synodic period of Venus
—is almost exactly eight terrestrial years, it follows that
at mtervals of eight years the times of greatest brilliancy

recur on almost the same dates.

At her greatest brightness, Venus is so brilliant that
there is no real difficulty iu seeing her with the naked eye
in full sunshine, or indeed at high noon. The hindrance
is pot the want of brightness of the planet, but the
difficulty in picking up so minute a point of light as she

appears to be, unless some means is provided for guiding
the eye to the precise spot. When so found the first

impression is
—

" How could I possibly have overlooked so
bright an object ? " The next impression, if the eye be
turned from the planet but for a moment is

—" What a
hopeless task it is to tr_y and find it again !

"

The statement has sometimes been made that the phase
of Venus may be seen under exceptional conditions with
the naked eye. Frankly I think this observation lies out-

side the limit of possibility ; for Venus at her greatest

brilliance is only about 40 seconds of ai'c in diameter.
Now 40 seconds is practically the limit for distinct defined

vision, and it is very improbable that the precise shape of

Venus could be detected under such circumstances. It

would, however, be interesting to know if any one could
detect that the planet was not round. It is just possible

that an impression of elongation might be given, though
this would show exceptionally keen sight.

The second group of the planets includes Saturn and
Jupiter, which both move in orbits far outside that of the

earth. From the point of view of the naked-eye astro-

nomer, neither is of very great interest. Their movements
do not greatly differ from those of the stars, amongst
which they move but slowly. Like the stars they will

have their heliacal risings, being seen as morning stars in

the east just before sunrise. Rising earlier and earlier

the time comes when they are visible for the entire night.

But before they are in opposition to the sun, that is to

say, are on the meridian at midnight, there is a striking

change in their apparent motion amongst the stars. For
the greater part of the year, Saturn is moving eastwards
amongst the stars at an average rate of a degree in about
eight days. Jupiter traverses the same distance in about
half that time ; but gradually as the time of opposition

draws on, the speed of both planets diminishes, until

Saturn comes to a stop about 70 days before opposition,

and Jupiter about 60. Then for 143 days Saturn moves
westward, and .fupiter for 122, both planets becoming
stationary again at the end of the period, and then
resuming once more their eastward march. This period

of westerly movement or retrogression marks tiie time

when the planet is nearest to the earth aud therefore

brii^'htesT, and it is at the middle of this period that the

planet is in opposition, that is to say, is on the meridian

at midnight.
Just as it has been asserted that the crescent of Venus has

been seen with the naked eye. so it is also asserted, but on
somewhat better authority, that the satellites of Jupiter

have been seen at their elongations from their primary,

aud though of course it is utterly beyond the unaided
sight to perceive the ring of Saturn, the claim has Ijeen

made that Saturn has been observed as an elongated, not

as a circular point of light. By a curious coincidence it

happens that the diameter of Jupiter at opposition, the

major axis of Saturn's ring, and the diameter of Venus
at greatest brilliaucy, are all very nearly equal, and all

are very near the limit of defined vision. It follows there-

fore that the Saturn observation is as difficult as that of

Venus, but the satellites of Jupiter are not quite so hope-

less. The first and second are always too close to their

primary to be seen apart from it, and they are probably too

faint as well. But the third would be very readily visible

if it were a solitary star, and at its greatest elongation

from the planet it is distant from it 5j minutes of arc,

one-sixth of the apparent diameter of the moon. Many
people can separate e, and «, Lyrse which are con-

siderably nearer to each other. The fourth satellite

attains a distance at greatest elongation of nearly ten

minutes of arc, a distance amply sufficient to separate it

from Jupiter, but is by no means so bright an object as
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the third. The story of Wriinjjol, tlio reh-brated Russian
traveller, (Hioted l)y Mr. G. F. Chambers from Arago, that
when in Siberia lie once met a hunter who said, jiointing

to Jupiter, "I have just seen that large star swallow a
small one and vomit it shortly afterwards," is a b(?autiful

specimen of the traveller's tale. \Vrangcl explains the
hunter's remark as referring to an immersion and sub-
sequent emersion of the third satellite. It escaped
Arago's notice that it takes tlie third satellite over a week
to pass from one elongation to aiiotlier, and that further,

as the satellite would have reappeared on the ojiposite side

of Jupiter from that on which it disa|)peared, the hnnter
would have scarcely described the incident as he did.

An opera- glass of course easily shows the satellites of
Jupiter, and one opticiilly perfect should suffice to elongate
Saturn when the ring is fully open or show the phase of
Venus at greatest brilliancy.

The movements of Mars are sufficiently difTerent from
those of the other four planets for him to be considered
by himself ; the chief features in his case being the length
of time in which he remains out of sight on the far side of
the sun, and the very great difference between his apparent
size when nearest to the earth and when farthest from it.

The East Horizon at 2 a.m. on the morning of 1881, June 22.

The syliodic periods of Mercury and Venus stated above
are 1 16 and 584 days respectively ; those of Jupiter and
Saturn are 34 and 13 days longer than an entire year, but
the synodic period of Mars is 50 days more than two
years. During the greater part of this time he is moving
eastward amongst the stars at a pace of only a little less

than a degree a day. As he approaches opposition his
pace slackens down until, like Jupiter and Saturn, he
becomes stationary and then recedes for a time westward.
This period of recession begins about six weeks before
opposition and lasts about six weeks after.

The chief interest of Mars, as a subject of observation
without the telescope, is the opportunity which he gives,
especially when he is in the more distant parts of his orbit,

and therefore relatively fainter, to compare him as to his
brightness with the stars near to which he passes. This
is a work which needs doing, and which anyone could
undertake, yet it has been almost entirely neglected.
Three other planets are just within the limits of visibility

under favourable circumstances, Uranus, Ceres and Vesta.
To these we may now possibly add a fourth, Eros. But
while the three above mentioned might be seen at any

opposition, Eros, if ever l)right enough, will only be so at
one opposition in thirty-seven years.

One feature of the planetary mandi will always attract

attention and give pleasure to the observer, even though
no practical result Ije drawn frum it; that is the way in

which from time to time two or more of them will come
into close proximity to each other, or it may be to some
bright fixed star or to the moon. Thus on September 15,

1186, all the five chief planets were in conjunction together
in the constellation Virgo to .the east of Spica. lu much
more recent times, four of the five chief planets came
together in the constellation Aries, Mercury being the
only missing member, and this conjunction was made the
more impressive by the presence in the midst of the group
of the waning moon. This beautiful s])ectacle was
witnessed in the earlv morning of June 22, 1881.

ORIGIN OF A DISTURBED REGION OBSERVED
IN THE CORONA OF 1901, MAY 17-18.

In a preliminary report* of the observations of the Sumatra
eclipse by the Crocker Expedition from the Lick Observa-

tory, I called attention to an unusual area of disturbance

in the corona in the north-east quadrant. At the time of

writing that report no observations of the Sun's surface

were available from which to investigate the source of this

disturbance. Through the courtesy of the Astronomer
Royal, Royal Observatory, Greenwich, we have received a

set of positives on glass of negatives of the Sun taken at

Dehra Diin, India, on May 17th, 18th, 19th, 20th, 21st,

22nd, 26th, and 28th, 1901. These photographs are on
a large scale, 7^ inches to the Sun's diameter, and furnish

the desired observations. They show an intimate con-

nection between activity on the Sun's surface as observed

in the sun-spots and faculse, and the corona.

The photographs of May 17th and 18th show no spots

or other evidences of activity on any part of the .Sun's disc.

This absence of spots was noticed before the eclipse at the

station in Sumatra. The photograph of May 19th,

however, shows a medium-sized spot which has just come
into view around the east limb. On this date the spot is

little more than a line, owing to foreshortening, ^' in length

surrounded by faculae. On the 20th it is J'
in length

(;>., north and south), followed' at a distance of *' by

several small spots forming a close group. On all sides of

the group, except the preceding or west side, is a large

area of faculse. The principal spot is cornpact, with well-

defined umbra and penumbra, and shows no more changes

from day to day than are usually observed in the same
period. The group of small spots following, however,

shows traces of greater activity, principally growth.

Following are the co-ordinates of the principal spot

deduced from the plates of May 19th and 28th, the

longitudes being measured from the centre of the disc :

—

Greenwich
Civil Time. Longritude. Latitude,

h. m. s.
°

1901 May 19 3 30 37 807 East + 90
28 7 29 37 -M!7 West + 90

From these positions are deduced the foUowmg co-

ordinates of the spot at the time of the eclipse in Padang:

—

Greenwich
Mean Time. Longitude. Latitude,

h. m. s.
° °

1901 May 17 17 40 37 93-8 East +9-0

From this it will be seen that the spot was on the

opposite side of the Sun at the time of the eclipse and

within 4*-' of the limb. Following are the position angles

of the spot as projected on the limb, and of the apex of

* Lick Observatory Bulletin, No. 9.
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the ilisturbt?d area in the ooroua observed on the eclipse

negatives :

—

Suu-spot

Apex of Coronal Disturbance

Position angle.

60-2

600

During the period of eleven days covered by the photo-

ifniphs only this one group of spots was visible. In this

time almost the entire solar surface wtis under observation.

We see from the above position angles that this region

of sun-spots occupied the same line of sight as the apex

of the disturbed coronal region. While it is true that we
have no means of determining the exact position of

the coronal disturbance in the line of sight, attention

was called in Bulletin No. 9 to the probability that

its origin was near the Sun's limb. As both sun-

s[>ot and disturbance are shown to have the same latitude,

it can hardly be doubted that this unusual ajipearance

in the corona was in reality immediately above the

group of sun-spots and faeulije, and that it had its

origin in the same disturbance of the Sun's surface.

The long, thread-like prominence to the south, seen pro-

jected almost tangentially from the Sun's surface, appears

likewise to have emanated from the same group of spots

and faculae.

These observations furnish very strong evidence of the

intimate connection of all solar phenomena. Sunspots,

faciiliP, prominences and corona all seem, in the present

case at least, to have had a common origin.

The appearance of this disturbed region in the corona

and its undoubted connection with the group of spots on
the surface so strongly suggested great activity that an
investigation was mad'e as to whether there had been a

measurable displacement of any of the coronal, masses in

this region. The interval of time between photographs
of the corona available for this purpose was but little over

five minutes, yet if the velocities were large, 50 or 100
miles per second, such motion should be easily detected.

The results give no certain indication of motion in the

interval. The uncertainties of measurement of these

coronal masses is so large, however, that a velocity of .5 or

10 miles per second would not be detected in so short an
interval of time. We may conclude that the velocity

across the line of sight was less than 20 miles per second
The interval of one and one-half hours between the

times of the eclipse in Mauritius and Padang should
render a comparison of negatives secured at these two
stations valuable in this connection.

C. D. Peerine.

THE USE OF HAND TELESCOPES IN

ASTRONOMY.
Bv Cecil Jackson.

III.—THE PLANETS.
Mercury.—This planet is practically beyond the

reach of very small telescopes. It appears very small
even in a 3-inch telescope. The crescent phase might
be glimpsed with a power of 80 on a 2-inch instrument.
Venus.—The crescent phase of this planet may be

distinctly seen with a power of 30 or 40 on a
H or 2-inch telescope. A pocket telescope with a good
magnifying power will just show the crescent, especially
if the lens next but one to the eye-end be removed.
Owing pai-tly to the great brightness of the planet, and
partly to its great distance from the earth at the time
of the gibbous phase, this latter phase is not well seen
in hand telescopes of ordinary power. With a power
of 80 this phase would be visible.

Mars.—The marking of this planet will barely be
distinguished in a 2-inch hand telescope, even if the
instmment is fitted with an astronomical eye-piece, but
its small red disc may be distinguished with a power
of 30 or 40, and may be seen with a pocket telescope at

a favourable opposition of the planet.

Jupiter.—The disc of this planet may be seen at

any time when the planet is visible. The four chief

satellites discovered by Galileo in 1610, ai-e readily

observed in a li-inch telescope. The smallest satellite

was not discovered till 1892 at the Lick Observatory
by Prof. Barnai'd. and is visible only in two or three

of the largest telescopes in the world.

Fig. 7 is a sketch of Jupiter, as seen with my l|-inch

telescope at about 8h. 56m. p.m., July 13, 1899. An
astronomical eye-piece was used. Jupiter's belts are

not conspicuous in a l?.-inch telescope. The satellites

form sometimes a striking group. Two seen close

together make a pleasing view.

Saturn.—A power of 30 diameters will show the
wonderful ring system surrounding this planet. The
crape ring, however, cannot be seen with any telescope

so small as two inches in apertui-e. The two bright

rings will be seen as one. A 2-inch instrument is too

small to show the division between them.

Fig. 8 gives an idea of the appearance of Saturn, as

seen with the ring widely open, on Aug. 30, 1899.

Power 30 on the l|-inch telescope was used in making
this sketch. With a pocket telescope, Saturn simply
appears as an oval disc, the dark sky between the ball

and the ring being invisible, except perhaps with an
extra high power on the instrument. Uranus and
Neptune are, for all practical purposes, beyond the reach
of even 2-inch telescopes. The disc of Uranus might be
just made out with such a glass by comparing it with
a small star.

RECENT OBSERVATIONS OF MARS.
By E. M. AxTONiADi, f.e.a.s.

The question of objective change on Mars, beyond the
obvious formation and dissipation of the polar snows, has
long been tlie battleground of modern areography. For
years and years such change was denied, and, indeed, the
old observations of surface modifications were too rough
to be able to carry conviction. Based, however, on a priori

considerations, which were not in harmony with experience,

the arguments of the unbelievers were destined to fall in

the long run, their defenders having departed from the true

course of enquiry—induction, based on acute observation.

Change evidently implies, here, as elsewhere, the
action of some sort of energy, and, especially, radiant

energy ; such energy coming either from the planet itself

or from the sun. That the planet's crust derives no
appreciable quantity of heat from the interior, is amply
demonstrated by the presence of snow at the poles. The
snow forms, imchecked, in winter, extending down to
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latitude (iO° at least, no tremor from the soil oominp to

"unlock the molecular embraces " of crystallization. Hut
1 hough enfeebled l\v distance, the efficiency of solar radia-

tion in melting or vaporizing snow has been observed to be

so powerful on Mars, that we should se.ircely exi>ect it to have

no other effect on the phenomena presented -by the planet.

Experience agrees well with this anticipation of

seasonal change. Were all the dark areas of the planet

lo be unfreezing seas, it would, perhaps, be difficult to find

how seasonal change would affect their colour. B\it a few

of the most prominent " Maria" (like the Mare Acidalium,

for instauce) have been observed dark in spring, discoloured

in summer, and faiut iu autumn, thus suggesting change

subordinated to the planet's seasons, and due, according

to Prof. W. H. Pickering, to some sort of vegetation.

It seems thus highly probable that part of the grey

markings of Mars are vast vegetation tracks. Others

might be water areas. At any rate, both vegetation and

water would present nearly kindred phenomena at the

great distance w-e ai-e viewing the planet.

Now, the detection of delicate detail on Mars is by far the

most trying and exhausting of all astronomical observations.

FiQ. 1.—Mars in 1900-1901. Longitude of the centre of the disc =0".

Sustained by an enthusiasm whose reward is an inward ap-

proval only, the astronomer keeps his eye to the telescope

for hours together, sometimes seeing very little indeed, but

recording all fugitive impressions, objective as well as

.subjective. This is almost transcending ordinary experience

and treading into somewhat dangerous ground. An in-

structive instance of the manner in which illusion creeps

into the Avork of eminent observers is furnished by the

observations of Venus made at Flagstaff, iu America.
" The markings (canals) of Ven\is," says Mr. Lowell, " are

as distinct really as those of the Moon." It would be

useless to insist on the fallacy of this statement—a fallacy

obvious to the beginner in star gazing. But the remark
is exceedingly valuable, as establishing beyond doubt the

existence of what might be called the canaliform illusion.

And, if subjective canals can be seen as harsh as the

markings on the Moon, it would not be illogical to believe

them to assume all shades of intermediate intensitv,

beginning with the greatest brightness of planetary discs

in order to culminate in the above climax of darkness.

Nothing is easier then, in appearance, with the view of

avoiding the canal deadlock, than to take the obvious step,

Frs 2.—Mars in 1900-1901. Long. = 90°.

and brand with illusion the whole canal network of Mars,

the argument being that imaginary canals have been seen

on Mercury, Venus, and the satellites of Jupiter, and that,

after all, canal digging could not reasonably be the leading

Fio. 3.—Mars in 1900-1901 = ISO".

preoccupation of our neighbours in space. But a more
careful examination of the matter will infallibly lead to

the fact that, contrary to those of Mars, the canals of
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the other worlds have not the self-same positions for
different observers. A query of scepticism might be

Fio. 4.—Mars in 1900-1901.

attached to a fugitive, uou-recurring impression of a dark-
line splitting a planetarv disc. But if an analogous
impres.'iion occur, at^'aiu an 1 again, on the same night, and
always at the same poiut oMhe jilanet's surface, shifting

Mr. E. W. Maunder pointed out what he thought was the
reason of the visibility of the Martian canals, namelv, that
different dark points on the planet's surface, too small to
be appreciated individually, produced on the retina the
idea of diffused lines. Mr. Maunder predicted then that
the next discovery on Mars would be that of small dots, or
" lakes." The forecast has been since verified to the letter.

In 18il5, we had Mr. Losvell's numerous dots or " oases,"
while last year my frieud, M. G. Millochau, the able and
industrious astronomer of the Meudon Observatorv, using
the largest refractor in Europe, the noble 33-inch object-
glass of the Brothers Henry, wrote :

—" I have seen the
canals hke some sort of chaplet of small, dark, irregular
masses."

The resolution of the canals into their components is

evidently reserveil to jiowerful instruments only.

Another significant fact about the canals is that many
of them form the boundaries of half-tones. This dis-

covery, due to the late Mr. Green, has been verified

in 18!19 by the Rev. P. H. Kempthome, of Wellington
College, and, subsecjuently, by a vcrj' great number
of first-class observers. As will be gathered by an
inspection of Figs. 1 to 4, embracing the whole of
the writer's impressions in 1900-1901, a considerable part
of the planet's northern hemisphere was covered with a
delicate shading, whose southern edge was limited by the
canals " Nasamou," Nilosyrtis, Protouilus, Deuteronilus,
Gehon II., Tauais, Erebus, Styx, Chaos, Hyblneus, and
Eunostos. The intensity of this half-tone was far from
uniform, being lightest in Cydonia, great in Phlegi-a, be-
tween the Hades and Styx, and very great in Utopia, where
it formed a " marsh," to which was given the name of
" Copais Lacus." Generally, the canals are very difficult

objects, being perceptible by rare glimpses only. The
appearance of Mars on the accompanying Plate* is the
summation of the successive fugitive impressions shown

221i. 8m. 22h. 21m. 22h. 3-tm. 22h. 46ni. 221i. 51m.
Duration = 23. Duration ^= Js. Duration == Js. Duration = Is. Dimition =• is.

. 5.—Mars on the Evening of 1901 February 10, showing the Successive Impressions on which the annexed Plate is based.
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given moment, all the details of the planet's confipuration,

but only a very small fraction of them. A careful naked-

evo study of the full moon leads to the same impression.

Durin'r; the lust apparition of Mars the Cerlierus was

fully as dark as the Mare Clmmerium. It was. moreover,

seen double at Juvisy, the duplication being independently

contirmed by two skilful English amateur observers, Mr.

Striven Bolton, of Leeds, and Mr. Eruest Attkins, of

Highgate (Fig. G). Another double canal was the Casius

in 1900-1901.

A comparison of these drawings with Prof. Sebiaparelli's

charts contirms the accuracy of the Milan designs, though

departing from them iu many partieuhirs. Leaving aside

the absence of delicate shading in Schiaparelli's repre-

sentations of the planet's north hemisphere, which might

be of a physiological origin, we might readily attribute

the most striking discrei)aneies to actual change on the

Martian surface. As far as minor detail is concerned, the

planet is no longer what it appeared to be from 1877 to

1890, the chief changes during the last decade being :

—

(fl) The unaccountable disappearance of Aouius Sinus

since the 1892 opposition
;

(6) The fading of the canal, once the darkest, Nilo-

syrtis

;

'

(c) The bridging of Syrtis Major by " Nili Pons "
;

(d) The formation of the canal " Nasamon "
;

(e) The great faintness of the Cerberus in 1894 (Fig (5),

and its extraordinary darkness during the apparitions of

1898-1899 and 1900-1901

;

(/) The increased darkness of the canals Amentlies

and Nilokeras ; and

((/) The darkness of Phlegra, Cebrenia, /Etheria and

Utopia, together with the formation of the " Copais

Lacus."
Some of these metamorphoses occurring, as they do, in

the equinoctial zone of Mars, are hard to ascribe to mere
seasonal change. Nor can it be argued that the changes

lie within observational errors. The possible occasional

formation of cloud cannot help us any better here, inasmuch

as the disappearance of dark markings (such as the Aonius
Sinus) is not attended by a corresponding whitening of

the regions in question. Clouds condensing on Mars
ought to appear as white spots, hence differently coloured

from the yellow continents, as well as from the grey
" Maria." And thus is it that the majority of changes

occurring oa this little planet will remain long, if not ever,

one of the greatest enigmas which it was given us to

witness in the universe.

[The Editors do not hold tbemselveg responsible for the opinions

or statements of correspondents.]

THE GREAT SUN-PILLAR OF MARCH G.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—A very fine example of the sun-pillar was visible

on Thursday, March tJth, at St. Leonards-on-Sea ; and as

the phenomenon is somewhat uncommon, a short descrip-

tion of it may be of interest to your readers.

The day had been remarkably fine and clear for the

time of year, and towards evening the western horizon

became hazy. About ten minutes before sunset, a faint

red glow was noticeable above the sun's disc ; but it was
not until the sun had disappeared behind the dark outline

of the South Do\vns that the phenomenon became
strikingly beautiful. The sunset was a characteristic

one ; small rod clouds standing out sharply against a
clear greenish-blue sky. By 6 o'clock the yellow pillar

had become very clearly defined ; it extended upwards for

a consiili'ra1)le distance from the horizon, ami was brightly

luminous thr()Ughout its entire length. As the sunset

colours deepened to i)urple and orauge, the band appeared
to increase in brilliancy.

But the most remarkable feature of the phenomenon
was to follow, for the i)illar gradually changed in hue
from yellow to deep rose, as the sunset tints had previously

done. And finally it appeared like a gigantic ruby candle

flame, showing up brightly from behind a long grey

cloud-bank. It was still traceal)le at 6.25, or about forty

minutes after the sun had sot.

Another sun-pillar was visible at St. Leonards one
evening last June, appearing as a bright ])erpendicular

beam of yellow light springing from the setting sun But
the iustanrr roonlrd nbove differed from it, Ijoth in the

gradu;iil\' iliT].riiln'4 lolours of the pillar, and also iu the

fact that till' pilhu- ilself was always of a different hue to

that of the background of sky on which it was projected.

Apart from its beauty, the phenomenon of March 6th was
so wonderfully distinct, and of such long duration, that

it must have attracted the attention of many observers.

Any of )our readers who niay be interested iu the

formation of sun-pillars by horizontal reflection, will find

an explanation of the phenomenon in an illustrated article

by the Rev. S. Barber, on p. 132 of the Knowledge
Volume for 189.5.

S. E. Stawell Brown, b.a.

St. John's College, Oxford,

March 12th,''1902.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—Shortly after sunset last night my attention was
called to a remarkable sight. From the point uj)On the

horizon where the sun had disappeared, a glorious parallel-

sided shaft of brilliant rose-red light traced its length

(some 45° or more) upwards towards the zenith, ujion the

clear background of twilight sicy.

From the fact that a belt of thin grey cloud veiled the
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from view, preserving its features of colour, form, and

brilliame apparentlv unohanfjed to the last.

The width of theshaft I judifed to be between T and 1"',

and it appeared to l>e rounded off at its summit in a some-

what Irt-ush-like formation. So stron-i: was the impression

it gave me of Injini; a true solar appendage that 1 eould

not help wondenug if we were, in fact, enjoying a vision

of the "Corona," coloured by diffraction in the earth's

atmosphere. Later in the evening there was a faint but

unmistakable appearance of the Zodiacal Light.

It would be interesting to know if any record was

obtained at Greenwich Observatory or elsewhere, on the

«jlh inst., of any unusual terrestrial-magnetic activity, or

of anv solar outbursts.

The magniticent group of sun-spots, of which the above

sketch was made on the Mth inst., was nearing the central

meridian at the time.

A large number of people in Bradfield observed the

phenomenon independently ; and all agree as to the form

and colour of the light, "and also as to its unwavering

persistence till the moment of its disappearance below the

horizon.

The Red House, Cath.veine O. Stevens.

Bradfield, Berks,

li»02, March 7.

[Two groups of six)ts, both in high northern latitude.

Were crossing the disc of the sun on March 6. The

precedmg grouj) was on the central meridian on March 8

;

the following group, which Miss Stevens has represented,

and which was much the larger of the two, crossed the

central meridian at daybreak on March 8. There was a

very slight disturbance of the magnets on March 11 at

4 p.m.—E. Walter M.\cnder ]

BT^ITlStt

ornithologVca^-

a Ny
-NOTES:

Cniiducied hlj W. P. Ptcraft, A.L.S., F.Z.S., M.B.O.U.

Chakoes of Plumage in ttje Mallard (Anas boscasi.

—At the meetini: of the British Ornithologists' Club, held

on the 19th February, 1902, Mr. J. G. Millais exhibited a

very beautiful series of specimens of the Mallard, to

illustrate the changes of plumage undergone by this

species from the first ap])earance of the feathers to the

fully adult dress, and during the remarkable " eclipse " of

the adult male. In addition to a large series of skins, a

nural)er of plates, which will illustrate his forthcoming

work, were also exhibited. Many of the facts brought for-

ward by the author api>ear to be new, and are certainly of

very great importance to the student of moulting birds.

They promise, furthermore, to throw considerable light

on the vexed question of the nature of colour changes in

fully developed feathers.

A Puzzling Parrot.—At the meeting of the Ornitho-

logists' Club, above referred to, the Hon. Walter

Rothschild exhibited a very remarkable variety of Eclecttis

rotatiis. It had the back, right wing and right side of the

head and neck maroon-crimson, most of the feathers

edged with green, the left wing and left side green with

maroon-red bases to the feathers, whilst the feathers of

the breast and abdomen were indiscriminately coloured

green and purplish blue. In spite of the mixture of

colours the general appearance was red on the right and

green on the left side of the bird. It was suggested that

this peculiar coloration was to be attributed, either to

hermaphroditism or to one-sided erythrism. Unfortunately

onlv the skin of the bird came into Mr. Rothschild's

possession, and no examination of the reproductive organs

appears to have been made. This skin had been brought

to Makassar by Mr. Van Duvienbode's traders, and was

said to have been obtained in Northern Halniahcra.

Peacock and Guinea-fowl Hybrid. — The Field,

February 15th, contains a short account, together with a

photogi-aph, of a hybrid between a White Peacock and a

Guinea-hen, now iii the possession of the Hon. Walter

Rothschild. '• The head and neck are incontrovertible

evidence of the peacock sire, whose white plumage is

shown in the primarie of the wings. The rest of the

plumage is that of the female parent, the guinea-fowl."

This is an exceedingly interesting cross, and so far, we

believe, the first of its'kind on record.

Allen's GalUnah (Forph;iriola allenij (The Field, February 8tli,

1902).—On Xew fear's clay a .specimen of this rare bird was captured

alive at sea on a fishing boat off Hopton, near Great Yarmouth. It

is an African species, and although it has occurred more than once

in Italy and Sicily, it does not seem to have been recorded for Great

Britain before.

A White Snipe (Gallinago ccel'estisj (The Field, Marcli 1st,

1902).—A white variety of this species has recently been shot in

Ireland—near Killeshandra.

The yfaU-Creeper (Tichodroma muraria).—Oniithologists may be

glad to know that a Wall-Creeper is now to be seen in the insect

house at the Zoological Gardens, London, and appears to be thriving.

This is tlie first time that this bird has been exhibited in the Society's

Gardens.

Ad contributions to the column, either in the way of notes

or photographs, should be forwarded to W. P. Pycr.\ft, at the

Xatural Histoni Museum, Cromwell Road, London, S.W.

Astronomical.—A new determination of the effective

temperature of the sun which has been made by Dr. W. E.

Wilson, F.R.S., gives the value 6863° C. (absolute), after

making allowances for absorption in the atmospheres of

both earth and sun. By the expression " effective

temperature " is meant that uniform temperature which

the sun would have to possess if it had au emissive power

equal to [unity, at the same time giving out the same

amount of radiant energy as at present.

^ An interesting feature of the solar eclipse of May 18th,

1901, was a disturbance of the coronal structure in the
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neiKlibourliood of a prominence. Mr. Perriiie, oi the Lick

Observatory, has recently examined i)hoto^ra|)h8 of the

sun taken at Delira Dun on several (lavs just i)efore and

after the eclipse, and it results that a spot which came

into view on the I'.'th was. at the lime of eclii>se, on the

further side of thi' sun, and about -i" from the limb. The

spot was surrounded by facuhe. and it is considered that

the spot, faeulie, prominence, and coronal disturbance

had probably a common orii,'in. That the action which

produces a spot may exert an influence on the coronal

streamers in its immediate nci^libourhood seems sufficiently

l)robable, but it does not' follow that the streamers owe

their origin to the same disturbances which cause the

appearance of spots.—A. F.

Botanical.—A new bot.inical publication lias been

started in Ceylon under the title of Annnh of tin; Royal

Botanic Gnrdenfi, Peradeniya, edited by the Director of the

(iardens, Mr. J. C. Willis. Two parts have now appeared.

In the first, Mr. Willis gives an mteresting history of the

Ceylon Botanic Gardens, and deals with them in reference

to the many advantages which they afford as a centre for

botanical study. The later part contains, among other

papers, " The Botany of the Maldive Islands," by Messrs.

J. C. Willis and J. S. Gardiner. The Maldives are a large

archipelago of coral islands lying in the Indian Ocean,

between 7-6'' N. and 0-42= S. lat., and between 72-33°

and 73'44° E. long. The islands have a flora of about

284 species of flowering plants and ferns, about 197 of

which are cultivated species or weeds. One of the most

interesting plants is Cladium jamaicense (Cyperaces)

which, though widely distributed, is not known from

India or Ceylon except from high elevations in Kashmir.

It occurs in Mauritius.

The early history of botany and the illustration of

botanical books, as re])resented in the celebrated Herharins

and Hortus SanUati:', is dealt with in Dr. J. F. Payne's

admirable treatise, which appears in the Transactions of

the Bihlioijraphical Society for last year. The Herbanus

was the first book published in Germany containing wood-

cuts of plants. The first dated edition appeared at Mainz

in 1484, and this, as far as can be ascertained now. was

really the earliest date at which the work was published.

Several undated editions exist, and one, printed in the

Low Countries, has been considered by some bibliographers

to have priority over the Mainz edition of 1484. The

HoHns Sanitatis, or Herharins zu Tentsch, was also printed

at Mainz, and bears the date " 28th March, 1485." It

was evidently issued by the printer of the Herharins,

Peter Schoffer, and, appearing in the following year, has

been regarded as a second edition of that work in German.

Dr. Payne, however, shows the improbability of this. The

Hortus' Sanitatis was published early in 1485, and must

have been in preparation for some years before the

Herharins was printed.

In the Bulletin de la Societe Botaniqne de France, 1901,

p. 107, Monsieur Bois gives an account of a new Labiate

which promises to be of considerable importance on

account of the edible tubers which it freely produces.

This plant, known to the natives as Ousaunifing, and
described as Plectranihus Coppini by the late Prof. Cornu,

is found in the Soudan. Besides this species, several

Labiates belonging to the genera Plertmntlius and Coleus,

each more or less valuable economically, are mentioned.

In a later paper, whicti appeared in the DMHin du

Museum d'Histoire Natiirelle (Paris), 19>>1, Monsieur Bois

refers to the introductiou into the Jardin des Plantes,

Paris, of Phyllactis pratensis, which also has edible tuberous

roots. This plant belongs to the Valerianace;e, and has

properties similar to those of the Valerian. Its tubers are

straw-coloured, twenty-seven millimetres long, and nearly

the same in diameter, and emit a strong odour. The
natives of Mexico, whence the tubers were received, eat

them when cooked as a remedy for liver complaints.—S.A.S.

ZooLOoicAL.—That much still remains to be done
before we are fully acquainted with even the larger

mammals of the world is evident by the announcement
made at a recent meeting of the Zoological Society of the

existence of a previously unrecognised species of elk in

Siberia. This elk, of which a skull with antlers and a

detached pair of antlers were exhibited, differs from the

elks of Norway and North America (which form merely

local varieties of a single species) by the absence of any

distinct expansion, or " palmation," of the beam of the

antlers, and the small number and large size of the tines

in which they terminate. It was proposed to call this

very distinct species of elk Alces hedfordim, in honour of

the Duchess of Bedford. Unfortunately the precise locality

whence the specimenscameis not definitely known, alt hough

it is believed to be eastward of the Altai. The specimens

exhibited to the Society were obtained by Rowland Ward,
Limited, of Piccadilly ; and the same firm have sub-

sequently received five other pairs of antlers. No less

than five out of these seven specimens are now in the

museum of Mr. Walter Rothschild at Tring. It may be

added that in a recent issue of the Bullet in oi the American
Museum, Mr. E. W. Nelson announces the discovery of a

new species of "elk" in Arizona. The animal in questicm

is, however, a wapiti, and probably a local race rather

than a species. This American misuse of terms is much
to be deprecated.

In their Repn-t for 1901 the Council of the Royal

Zoological Society of Ireland announces that the mena-
gerie at Dublin has never contained so large or so fine a

collection of lions as at present. There are seven cubs

approaching maturity, five of which are exhibited in one

den. The Report contains an excellent photograph of

three of the group.

The subject of lions reminds us that, in a description

of fossil mammals from Colorado, published in the Memoirs

of the American Museum, Mr. W. D. IMatthew discusses

the manner in which the great extinct sabre-toothed

tigers (or lions) of the genus Machairodus used their

enormous upper canine teeth. These formidable tusks (in

some cases nine or ten inches in length) were so long that

if the animal opened its mouth only to the same extent as

a modern tiger they would obviously block the gape and

be worse than useless. And it has accordingly been sug-

gested that these animals attacked with their jaws closed,

stabbing with the projecting extremities of the upper

tusks. It is obvious, however, that such a mode of attack

would discount whatever advantage might be gained by

the abnormal length of the tusks, while it would appa-

rently tend to injure the lower jaw. Moreover, as the

author points out, it is difiicult to conceive when this

mode of biting could have been adopted, as there must
have been a time when the tusks, although too long for

use in the ordinary manner, would not have projected

beyond the border of the lower jaw. It has long been

known that in the mode of articulation of the lower jaw

to the skull the sabre-tooths differed markedly from

ordinary cats, and this leads Mr. Matthew to suggest that

when attacking they dropped the lower jaw vertically,

and thus left the entire length of the upper tusks fully

exposed. Obviously, in such a position, the creature could

not bite in the ordinary manner, and the author suggests

that the sabre-tooths "killed their prey (which probably
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consisted of short-necked and thick-skinned iirimitivo

herbivora) b_v stabliiug or ripping them in positions where

Urge arteries could easily be reached. It is pointed out

that this mode of attack is iu harmony with the weakness

of the lower jaw in the sabre-tooths and the stren;,'tli of

their fore-limbs, which acted as fulcruras. Althoui,'h the

explanation seems at first sight strange and almost in-

credible, it seems to suit the peculiar circumstances of the

case better than any other yet offered.

At a meeting of the Zoological Society of London, held

on March Mh, Dr H. L. Jameson discussed the origin of

pearls, especially those produced by the common mussel.

It has long been a matter of uncertainty how these con-

cretions were first started, but the author showed that they

are primarily due to the presence of the larva of a parasite

allied to the liver-fluke. This larva incysts itself in the

mantle of the mussel, where, if it die, it becomes calcified,

and thus forms the nucleus of a pearl. The parasite

commences its life in the common cockle and the bivalve

known as Tapes, and apparently concludes it in the diges-

tive tract of certain ducks, such as the scoter and eider.

Similar parasites appear to be the cause of pearls in cer-

tain of the pearl-oysters ; and the author holds out hopes

that by means of these parasites the production of pearls

may be artificially induced.

Tbe menagerie in the Regent's Park has recently

received two important additions, one a young specimen
of the snow-leopard {Felis uneia) and the other a Hima-
kyan or long-tailed panda {.Eluriiii fulgewt). Of the

latter animal only two examples have been previously

exhibited, one in 1869 and the other in 1876. Till recently

the Himalayan panda was considered to be the only Old
World representative of the raccoons, but, as already
noticed iu these columns. Prof. Ray Laukester has shown
that .Eliirupus melanolecus of Tibet is a member of the
same group.

Tbe Royal Society has issued its sixth series of Reports
to the Malaria Committee, the present fasciculus dealing
with the relation of malarial endemicity to species
of Anophdes, with certain points in the biology of the
Bengal representatives of the latter, and with the relation
between enlargement of the spleen and parasitic infection.

A second contribution in connection with the subject
appears in the Proceediiufs of the Society, where Mr. F. V.
Theobald writes on the gnats and mosquitoes of India,
and describes certain new species of Anopheles. He
remarks that since only certain species of the latter genus
are malaria-producers, it is quite possible that certain
kinds of Culejc may be capable of communicating the
disease.

jptottcca of IS oofeg.

" L.VMARr K, THE FOU.SDER OF EVOLUTION, HIS LiFE AND
WoKK." By Alpheus S. Pack.-ird, m.I)., ll.d. (Longmans,
Green & Co., New York.) 9s. net. This book possesses a
variety of interest. The life of Lamarck did not follow an
entirely even and commonplace tenor. Born in 1744. he began
practical life as a soldier, and in the field showed an obstinate
courage and sense of duty. As a man of science he had to
support himself and a large family on a meagre income. Iu
IVJi he obtained a botanical appointment at the Natural History
Museum at Paris. Till the age of forty-nine he was a systematic
botanist

;
but when a professor of invertebrate zoo'lo"v was

wanted, he volunteered to take that class of unknown or half-
known formii, as it then was, under hi.s care. In the elat
of persons attached to the National Museum of Natural llLstory
he IS thus described :-' Lamarck, , fifty vearsold : married
for the second time : wife enciente : six children : professor of
zoology, of insects, of worms, and microscopic animals." Thus

at an age when many men are thinking of giving up .serious

work, and taking life easily, L:imarck beg.m labours greater than
any he had undertaken hitherto, though from his youth up ho

had been a man of strenuous energy. For some years previous

to his death he was totally blind, and had it not been for the

devotion of his daughter, the last volume of his anhnaui- mns
vert^hres, and part of the sixth, would never have seen tbe light.

All this is excellently told by Prof. Packard. We no* proceed
to Prof. Packard's estimate of Lamarck as a man of science.

There can be no doubt that Lamarck did valuable work as a
systematist, both in botany and zoology. He had a good eye
for generic points. But his reputation depends upon his

theories, and we must try to estimate their value. His specula-

tions in chemistry and geology were crude, but he was then
travelling beyond his own metier. It is upon his theory of

evolution that we must focus attention. It was much that he

stoutly maintained that evolution had somehow taken place, at

a time when many men of science still clung to the doctrine of

fixity of species. Hut his ex[)lanation of tbe process by which
evolution was brought about— new organs by willing, the further

development of existing organs by excrci.se—originated in an
ignorance of facts. " Behold,'' he says, '' in our stout and clumsy
horses, habituated to draw heavy loads, and which constitute a

special race by always being kept together— behold, I say, the

difference in their form, compared with those of English horses,

which are all slender with long necks, hecauae for a long period
tliey have been trained to run sa-iftl// " (the italics are ours). Here
then is the origin of the Lamarckian hypothesis. He imagines
that the breed of racehorses has been produced by a system of

training. He has never heard of selection. The fact is that he was
a museum man, and was thus quite in the dark with regard to a

great deal that went on out of doors. Evidently it never
occurred to him to doubt that acquired characteristics are

inherited. Tbe great defect of his Fhilosophie zoologique is

that it is mere speculation without evidence. Darwin appealed
to the great results produced by artificial selection. Lamarck
went for evidence to the same quarter, but failed to get hold of
the facts. His Philosoiihic must be treated as a purely specula-

tive treatise on a level with the lucubrations of Erasmus Darwin,
and others. Charles Darwin produced much evidence, though,
of course, no positive proof, and his work, therefore, stands on
an entirely different footing. It is natural that a biographer of

Lamarck should mistake the little back eddy in the direction of
Lamarckism for the main current of scientific thought. Never-
theless, Lamarck is a very interesting figure. He did much solid

work, and he speculated in a bold untrammelled way that could
not fail to awaken men's interest in the subject.

"Britain axd tue British Se.4S.'' By H. J. Mackiuder,
M.A., Reader in Geography in the University of Oxford.
(London : William Heinemann. 1002.) Pp. xvi. and 3'^8.

—

This is not like other books on geogi'aphical subjects, and it is

encouraging to see such modern and scientific treatment of a
long neglected study coming from one of the ancient univer-
sities. If this volume gives a fair sample of the teaching of
geography in Oxford, undergraduates who take advantage of
their opportunities are much to be congratulated. The style of
the book no doubt suggests tbe platform rather than the study

;

there is a tendency towards great swelling words and a sonorous
roll in the sentences that would appeal, we think, more powerfully
to the ear than to the eye. However, the subject is treated in a
large way and a certain grandeur of language is not inappropriate.
The idea is to describe the great features of the country and
not to bother about details. Nothing is touched upon which
has not a special significance, and not only are the features of
the land and sea described, but a point is made of tracing their

origin from the earliest geological period. The evolution of the
British Islands is treated to some extent in the manner of
Mr. Jukes-Browne's "Building of the British Isles," only instead
of tracing the history stage by stage back into the past, Sir.

Mackinder begins with the earliest times and traces it down to the
present. Once the present surface of the land has been reached
by the carving out of their valleys by consequent, subsequent and
obsequent rivers, we are shown how tbe relation of the British
Isles to the Continent has affected the climate, vegetation, etc.,

and how the various streams of immigration and conquest have
produced tbe present political condition of the country. The
racial, historical, htrategic and economic geography of the
Islands are treated in a series of chapters, and it is interesting
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to see bow geology is brought iu to explain facts, the distribu-

tion of which is being described. Special chnptnrs are devoted

to England, Scotland, and Ireland, but they are far too short in

our opinion. Some of the geology could have been spareil to

make room for a fuller description of the regions of tlie country.

Wales ought to have had a chapter to itself, and the sub-divi-

sion of England might have been carried further. The two
chapters devoted to England are entitled " -Metropolitan

England" and "Industrial Englind," and the former, one is

naturally surprised to find, includes all England south and east

of a line drawn from the Severn to the Wash. It would have
been more useful to have restricted the term " Metropolitan

England " to the country within say :10 miles of London, and
the seaside suburbs like Brighton, and to have treated the rest

of the south-east as " Rural England, ' while Cornwall might
have been usefully considered with Wales. The statements are

not always quite accurate. Thus we read ' To-day there are in

Great Britain more than twenty-six million sheep or approxima-

tely one sheep for each human being" (p. 818.) If "to-day"
means 11H)0, for we suppose the passige was written before the

census report of last year appeared, we find in the ''Statesman's

Year Book" for 1001, that the number of sheep in Great
Britain was 2(),.')92,'2'iG and the estimated population 36,405,DUO,

which seems to show that '' approximately '' is held to mean
" not very near," since 9,013,074 ])eo])le or 25 per cent, of the

])opulatton must reaiain sheepless. But a little looseness in

statistics does not affect the purpose of the book, which is to

show how the present condition of the British people is the

outcome of causes which have been at work since the first

changes in the solidifying crust of the Earth.

" A. Text-Book of Zoology." By G. P. Mudge, a.r.c.sc,

F.Z.S., &c. (London : Edwin Arnold. lOil). 7s. 6d.—The
number of recent text-books of zoology is legion, and every

new volume must add to the bewilderment of the student who
is just entering into this field of science. To those who finl it

necessary to make a selection from among the number of these

books, Mr. Mudge's little work may !)e cordially recommeuled
as a most excellent treatise, and one which possesses some
distinctly original features. As a laboratory guide it will be

most helpful, whilst the introduction and concluding chapters

will afford him, in a clear and condensed form, a good insight

into the application of the facts derived from the work of the

dissecting room. Being essentially a book for juniors, the

modern plan has been adopted of selecting a few types of

animals easily to be procured and presenting all the principal

features of the groups to which they belong.

Dealing in turn with the Vertebrates, Coelomate and Coelen-

terate Invertebrates, and the Protozoa, Mr. Mudge brings out

the essential characteristics of each animal by a comparison of

their several systems and organs. The concluding chapters of

the book are devoted to the Life-History of the Cockroach and
Butterfly, and the Phenomena of Metamorphosis; Karyokinesis,

Oogenesis, Spermatogenesis, Heredity and Variation.

The illustrations are numerous, well chosen, and well

executed.
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Illustrated. 3^. 6d.
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Primer of Physwloyg. By Alex. Hill. (Dent.)

Is. net.
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ACROSS RUSSIAN LAPLAND IN SEARCH OF

BIRDS.

By Harky F. Witherby, f.z.s., m.b.o.u.

II.—ARCHANGEL, A WONDERFUL MONASTERY",
AND THE EFFECTS OF VODKA.

Arc nANGEL lias no pleasing memories for my friend or

myself, although we remember it well and especially its

custom house. When we arrived at Solombala we were

immediately assailed by a posse of custom house officials.

Our numerous boxes and packages were not only opened
and ransacked, but every bottle and parcel in them was
minutely examined, and at length our guns, cartridges

and camera were carried oil in triumph to be re-examined

at the custom house at Archangel. Nowhere else in the

world is there such a custom house, and unlucky is the

man that puts himself into its clutches. After three

days of alternate praying to and cursing the officials at

this infamous place, we were allowed to take away our

guns, cartridges and camera on payment of an extor-

tionate duty. The amount of duty was assessed by

weighing the articles, and consequently the sum payable

on the cartridges, which were loaded with shot, was double

their actual value. But we were more lucky than a friend

who sent all his baggage to Archangel beforehand by sea,

Sketch Map to show route from Trondlijem to Archangel, and

from Archangel to Kandalax.

and after being delayed at the custom house for a fort-

night, was mulct in £50 for duty on old clolbes and

camp furniture.

Besides its custom house, Archangel has many mos-

quitoes of a virulent type. The town is thinly spread

over an enormous extent of ground, and the roads are all

paved with very rough cobbles. The only means of con-

veyance are droskis or low spriugless four-wheelers, the
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drivers of which are iisii illy drunk. The only tilings that

jdeiised us in Arehangel were the huoded erow.s.* wliieh

acted a3 scavengers aud were very uuinerous and tame,

and the roofs of the houses which were of beautifully soft

colours. Had it not Iieeu for Mr. Henry Cooke, the

British Vice-Consul, who gave us most kiud hel|), it is

doubtful when we should have escaped, for to go tiirough

the custom house aud to get away within a week was
considered almost a miracle. This feat Mas ouly accom-
jilished at the last by a remarkable drive.

The steamer to Lapland sailed only once a week, and so

pushed Were we for time at the last moment, that to catch

it we had to load all our things upon two droskis

and drive two miles in twenty minutes. There was no

tiu'e to fasten on the baggage, and the only thing to be

done was for each of us to stand up in his machine and
hold on to the bags and boxes tooth and nail. The
roughness of the roads and the springlessness of the carts

maile it by no means a simple task to keej) the luggage
from falling and at the same time to impress upon the

driver that his horse must gallop. Words had no effect

on their stolid drivers, aud it was <mly by thumping them
whenever we had a free hand to do it, that the necessary

pace was maintained. All went well until we were
Hearing the quay, when a heavy holdall containing all

our bedding fell off one of the droskis, but by signs and
shouts to a passer-by we induced him to shoulder the

holdall and run aft<;r us. The steamer was casting off

her ropes as we galloped up to her side, and the excite-

ment we caused amongst the crowd of people who were
gathered to say farewell to their friends was worth a great

deal to see.

An uncomfortable night with berths only five feet six

inches long [lu the small crowded steamer, which rolled

and j)itclied at| the slightest provocation, brought us to

Soloretski Monastery.
From a photograph fci/ Mr. F. It. Katii.ih.

the monastery of Solovetski, far famed as one of the
holiest places in Russia.
The monastery is very large and very rich, and is

surrounded by enormously high and thick granite walls.
Within these are many churches and <'hapels, with white
walls and green cupobis, surmounted by gilded crosses,
while here and there are great blocks of white, barrack-like
houses. Pilgrims, chiefly of the peasant class, journey
thither in thousands, and are housed aud fed with simple
food for three days. No charge is made, but should the

• Corvut comix.

])ilgrims have sufficient means he is expected to present a
donation to the monastery. We were anxious to see some
of the plate and vestments, for the richness and rarity of

which the monastery is famed, but the churches were so

packed with jieople, all standing, that we were not able to

get further tli;in the doorwavs.

No living thing may be molested within the precincts of

th(! monastery, and it is remarkable that hundreds of

herriug gulls,f by no means tame birds by nature, have
discovered the sanctuary. They positively swarm within

the walls, aud have their nests in all the courtyards, even
on the narrow pathways. Most of them had young ones

The Entrance to Solovetski Monastery.
from a photograph (»y Mr. F. R. Ratcliff.

at the time of our visit, aud it was most amusing to watch
the old birds feeding their dark grey fluffy offspring (juite

unconcernedly whilst hundreds of people were all round
them. Indeed, so tame are the birds that they will take

food from one's hand, and will not move out of one's way,

and should anyone jipproach too near to the youug, the old

birds rush up and ]>eck him vigorously. It is certainly

extraordinary that these wild birds have been rendered as

tame as chickens by the simple expedient of allowing them
to do as they pleased without the slightest interference.

The herring gulls all leave Solovetski, we were told, after

the breeding season, aud it is a remarkable fact that the

very birds which are so bold inside these high walls, are no
tamer than other gulls when met with outside the walls.

How they originally discovered the sanctuary, and how
many generations were needed before they realized its

absolute security, we endeavoured to ascertain, but could

get no definite evidence.

At Kem, our next stop, we were delayed for some time
loading cargo into small boats, which were " manned

"

almost entirely l)y women. In the summer months there

are very few men left on the White Sea coast, as all the

able-bodied males go north to fish, leaving the women in

charge of their homes. From Kem we journeyed to

Keret, where there is a large saw mill, and then crossing

the Arctic Circle once more, we put in at Kovda, where
another saw mill flourishes, and exports much timber to

England. At Kovda we were fortunate in obtaining the

services of an interpreter, a Kussiau, Gregori Kokorin liy

name, who was a tallyman at the mill, and had picked up
a little English from the crews of the boats which came
there every summer for wood.

The ice and fog had caused such delays that it was not

until July 4th that we reached Kandalax, which was

f Larus argeutatus.
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to bo the startiufj point of our journey across the Kola
Peninsula. Here wc took up (juarters in tiie house of the

pilot. The house, which was of wood, consisted of only

one pxid room, which wc occujucd while the pilot, his

wife and family cheerfully retired to the loft, in the roof

of which were many holes large enough to admit one's

head.

Our room was furnished with a comfortable looking
Ix'd, which wo tried but soon forsook with many mur-
inuriiigs (the Russian variety being large and exceedingly

voracious), and thenceforth spread our blankets on the

hard but peaceful Hoor. Kandalax consists of a hundred
or more wooden houses, and its inhabitants, who are

Russians, are Ix'lieved to sustain themselves by fishing,

but during our throe days' stay almost every man and
woman was drunk. Indeed the inhabitants of this place

apjwared to be utterly degraded by vodka. They found
many opportunities for making holiday. The Greek
Church, I believe, provides some three or four saints'

A Boat " manned " by Women.
From aphotograjfh hy Mr. F. R. Eatclijf.

days a week, and these are regularly used in Kandalax as

excuses for drunkenness, while the day on which the
weekly steamer arrives is invariably set aside as a day of

rejoicing. Moreover, the people were tipsy day and night,

and besieged our room at all hours demanding vodka, and
when forcibly ejected they stood in a group outside and
droned melancholy chants for hours at a time.

However, we found more society in Kandalax than we had
expected. Mons. Boudit, a Frenchman, who was engaged
in starting a factory for tinning salmon and other fish, and
the chief of the telegraph station, entertained us right

royally, and gave us much help and advice. Mons. Boudit
informed us that the peasants of this country were utterly

worthless as workmen, and in consequence he had been
compelled to import labour, not only for the erection of his

factory and for the canning of the fish, but even for

catching the fish.

The country round Kandalax was mainly composed of
dense pine forest, which yielded very little in the way of

birds, but the islands in the bay were more interesting.

On these islands we found a number of different ducks, a
few with young ones, but the majority apparently not yet
nesting. Perched on a little rock in the middle of the
bay we saw a great dark bird with a conspicuous white
tail. We knew this must be the white-tailed sea eagle,J

and we tried hard to approach it, but it watched our boat

XSaliaitut albinlla.

jealously, and no sooner had we hidden ourselves behind
a small island than the great bird rose, and circling ever

higher and higher was soon but a speck in the sky. Then
just as we were about to land on an island we noticed

a ]>air of TurnstoncsH running anxiously to and fro on a
spit of jMibbly shore. They were in their lovely breeding
l«lumage of black and ricli chestnut with silvery white
breasts- a plumage in which they are occasionally seen in

Great Britain, both when they prolong their spring visit

to us, or come to our shores somewhat earlier than usual
in autumn. But it is seldom that we see the Turnstone in

Great Britain either in summer or in ^vmter, for it only
passes along our shores in its passage between its northern
summer home and its southern winter one. Consequently
we were delighted to find a pair of these birds in their

breeding haunt, and a few minutes after landing on the

island we had the good fortune to discover in a nook
under a big stone, close to the water's edge, their nest,

which was made of grass and feathers, and contained four
dark green pear-shaped eggs.

A problem to be decided at Kandalax was as to how
many men would be required to transport our baggage to

Kola, a distance of some 160 miles. The problem was
complicated because we wished to spend some three weeks
on the way, and no provisions, except perhaps bread at

one place, were obtainable on the route. Consequently it

became a question of how many pounds of food a man
would eat each day. Had it been winter, when sledges

and reindeer could have been used, there would have been
DO difiiculty, but in summer no transport animals are to

be had in Russian Lapland. A calculation and much
discussion with Gregori ended in the decision that nine

men, carrying some 70 or 80 pounds each, would be suffi-

cient to carry the baggage and food.

The next difficulty was to procure these even, but I

must first explain that the route we intended to take was
a regular one, instituted and upheld by the Russian
Government. The route is chiefly benefacial to the

inhabitants of the White Sea coast who, being chiefly

fishermen, use it to reach the Arctic Ocean in spring, and
to return home in autumn when the White Sea is com-
pletely frozen in and impassable. During the short

northern summer the route is very seldom used, and the

interior of the country is almost deserted. At intervals

on this route, which is partly over lakes and rivers, and
partly overland, are " stations," and by means of orders

kindly provided by the Governor of Archangel, we were
entitled to the use of the boats on the lakes and rivers,

and to the services of two men each as carriers or rowers

to be provided at the " stations " at fixed rates. At
Kandalax, therefore, we had to obtain four men at the

"station," and in addition required five men to act as

carriers all the way to Kola. We gave the word out that

we wished to hire men to go to Kola, and as only the

jtick of the inhabitants were sober at the time it was easy

to select five of the strongest and most decent 3'ouug men
from the crowd which soon arrived at our door. It was
not so easy, however, to fix the terms, and this was only
accomplished after great exertion on the part of our iuter-

preter, whose English required almost as much translating

as the native tongue. The men were to feed upon rye

bread and salt fish, the usual fare of these poor people,

and it was soon known round the village that we were in

want of these commodities. A stream of old women
quickly appeared carrying great round loaves of dark brown
bread and baskets full of salt fish. Much of the bread
was mouldy, and many fish were badly cured, but after

careful selection, followed by long bargaining and much

II
StrepriUu interpres.
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weiffhing and discussion, we were well provisioned with

well-cured fish and good bread, the driest we could obtain,

since it was lighter and less likely to turn mouldy than

when wet
After much packing and weighing the loads for the

carriers were apportioned, and we were ready to start.

But the four men ordered some hours before at the
" station " did not arrive. We visited the place in force

and found the house full of drunken men, who would
listen to nobody. The chief man's wife bemg the only

sober person in the house, we cautioned her that we
should write a protest in the book kept for the purpose, if

the men were not produced in one hour. As they did not

appear at that time we bombarded the station again,

and forcing our way in j«rrote the protest and said that

we should telegraph to the Governor if the men were not

forthcoming in another hour. We had no intention of

thus disturbing his Excellency, and were much relieved,

when foiu" men appeared, to find that the threat had been
sufficient. Another hour was wasted by the carriers in

wrangling over the weights of their loads, but at last at

nine p.m. we started, and were accompanied to the out-

skirts of the village by the entire population, men, women
and children. Scarcely had we shaken the mud of

Kandalax from our feet when one of the station men, who
reeled suspiciously in his walk, threw down his loail and
amidst yells of delight from the crowd and shouts of

imprecation from us, staggered back to the village.

Fearing that other men would desert if we delayed for

long so near the village, we called for a volunteer, and a

man stepped out from the crowd. We made terms with

him, he shouldered the load, and then and there, without
the slightest preparation set out for a mouth's journey.

The path lay at first up hill over rough, stony ground,

but our men, notwithstanding their heavy loads, kept up
a good pace. The baggage was fastened to a carrier placed

on the bick aud strapped to the shoulders. The carrier

was simple and effective. It consisted merely of a jjiece

of supple green wood lx?nt in a loop and crossed by a net-

work of cord. We were fast forgetting the drunken orgie

at Kandalax, and the annoyances of the start. Here and
there a peep through the dark pines revealed the Neva,
whose name is Swift, rushing down to the sea iu one
continuous boiling rapid. Occasionally the silvery trunk
of a birch tree, or a group of bright green larches broke
the monotony of the pines, while the rocky ground was
thickly clothed with hoary reindeer moss aud a thousand
small creeping plants. Our binoculars and guns were ready

to be levelled on any bird to be seen as we marched ahead
of the carriers trudging in single file along the narrow
track.

But, alas, our peaceful state was once again to be dis-

turbed. Gregori came panting up to us saying that one
of the station men was bad and was getting worse and
worse. On turning back we found that the man was
desperately tipsy, and it was evident that he had a bottle

about him, but we could not discover it. He continually

fell down and lav moaning and groaning. Walking
behind this wretched man and treating him like a stub-

born donkey, we managed to drive him a mile or two, but

at length he sank down and refused to budge. As he lay

on the ground we caught sight of a bottle sticking out of

his trouser pocket. This he refused to give up, so Gregori
• Kokorin promptly broke it with a stick. The drunkard
then proceeded with great deliberation to pick the broken

pieces from his pocket, and finding that there was still

some precious vodka left in the bottom of the bottle, he
would have drunk it had I not kicked it out of his hands.

At that he burst into sobs, and getting up he threw down
his load and staggered oil into the woods. This man was

a type of the grasi)ing drink-sodden Russian peasant, no
uncommon class in the part of the country we visited, and
when afterwards we found that he was the chief man at a
station further on, we wrote down his character in the

book for the benefit of the officials who employed him.

One great advantage of the perpetual daylight of the

north is that one can sleep and eat just when it is most
convenient and necessary. On the first day, or rathfer

night, of travelling we raised our tent and turned in to our

sleeping bags at four o'clock iu the morning and were

soon dreaming, not of drunken obstreperous men, but of

all the charming birds we might be destined to discover

in the country that lay before us.

PRESERVING AND MOUNTING ROTIFERA.

By Charles F. Rousselet, Curator, B.M.S.

For killing and fixing several fluids are suitable, namely,

i per cent, osmic acid, or Flemming's chromo-aceto-osmic

fluid, or Hermann's platiuo-aceto-osmic mixture. On the

whole, 1 now prefor the last-named, which gives a finer

fixation of the cellular elements of the tissues and does

not stain them so much. It may be explained that the

term " fixing " implies rapid killing and at the same time

hardening of the tisues to such an extent as to render

them unalterable by washing and subsequent treatment

with preserving fluids. Proper fixation is very essential,

as no good preservation can be obtained without it.

When the Rotifers are narcotised and ready for killing,

a single drop of one of the above fixatives is added, and

mixed with the water in the watch glass. A few minutes

is sufficient for fixing small creatures like these, and then

thev must be removed again by means of the pipette to

several changes of clean water to get rid of the acid,

otherwise they will become more or less blackened. When
dealing with marine Rotifers, sea-water must be used for

washing out, as the difference in density between fresh and

sea water is sufficient to cause swelling by osmosis, and the

consequent spoiling of the specimen. After thorough

washing, the Rotifers are transferred to a preserving fluid,

the density of which does not materially differ from that

of water.
' The best preserving fluid found so far is a 2^%

solution of formalin, which is made by mixing 2^ c.c. of

the commercial 40 °/o formaldehyde with 37^ c.c. of water,

and then filtering.

The above are general directions according to which the

great majority of Rotifers can be preserved. When under

the narcotic, the animals must be watched until it is seen

that they can swim but feebly, when, as a rule, they will

be ready for killing. If they contract and do not expand

again, it is a proof that the narcotic used is too strong,

and it must be further diluted. The whole method un-

doubtedly requires great care and is a delicate operation,

which must be performed under some kind of dissecting

microscope, but by following the directions here given, and

with some perseverance, any one can learn to prepare a

large number of species of Rotifers. I would advise that

a beginning should be made with some such forms as

Brachionus, Anurtea Synchceta, Asplanchna, Hydatiiia,

Triarthra and Polt/arthra, which are easy, and moreover

occur, and can, as a rule, be collected in large numbers

A few genera, however, are exceptionally difficult. These

are Stsphanoceros, Flonciiles, PhUoclina, Rotifer and

Adineta, and it will be better to leave these until con-

siderable experience in dealing with the others has been

acquired.

It will have been noticed that the Rotifers must always

remain submerged in a watery flui<l, and be transferred in

a drop by means of the pipette. Fluids of lesser density
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tliiui water, such us alcohol, as well as fluids of greater

('.cnsity, such as glyceriue, are unsuitable because they set

ii|i slrotii; (lift'usion-currcuts l)y osmosis, which cause the

animals either to swell or to shrivel up com|iIi'teIy.

Some species of Kotifers, such as Triarthrn, Polyarthra,

I'i'diilioii, MaMigocerca, etc., have an outer surface which
is stron<.;ly water-repellent, and when th(!se come in con-

tact with the surface iilm of the fluid even for an instant,

it is most difficult to submerge them again, and as a rule

they are lost or sj)oiled.

Having then successfully narcotised, killed and fixed

the Rotifers fully extended, and finally transferred them
into 2^ ])er cent, formalin, the animals may be kept in

little bottles, or mounted in the same fluid on micro slides,

either in excavated cells or shallow cement cells.

To mount on a slide, place a drop of the formalin

solution in the cell, then transfer the prepared Rotifers

into tliis drop with the pipette and examine under the

dissecting microscope to see that no particle of foreign

matter has been introduced. Then place another drop of

the fluid on the slide by the side of the cell and lower the

cleaned cover-glass on that drop, then push the cover

cautiously and gradually over the cavity. The super-

abundant fluid is removed with blotting paper, and the

slide closed by tipping damar-gold size cement all round
the edge with a fijae brush.

The permanent closing of these cells has been a matter
of very considerable difficulty. As the result of tlie ex-

perience gained I recommend to close the cells first with a

coat of a varnish consisting of two-thirds damar in benzole

and one-third gold size, then two coats of pure shellac

dissolved in alcohol, and finally four or five ooats of pure

gold size, with an interval always of twenty-four hours for

each coat.

By the method described above I have in the course of

the last ten years made a collection of over five hundred
slides containing nearly thrfe hundred different species of

Rotifers, probably the only collection of the kind iu exis-

tence, which is of the greatest use for the identification of

species and for the general study of this interesting class.

Conducted by M. I.Cro§§.

PoND-i.iiE Coi.LiXTiNO IN APRIL.—All species of Infusoria

and Rotifera mentioned as occurring in March are likely to

become more abundant in April, which is one of the best

months for collecting. The ponds are full of water, whilst

they have become approachable, and Daphnias and Cyclops have

not yet crowded the Rotifers out, as sometimes occurs later on.

Volvtix ijlobator may be looked for together with the little

parasitic Rotifer, Prnales parasitica, inside the green spheres.

Of larger Infusoria, Bursaria liumatcUa, Chuenia Itrm,

AinpliHe2itus :/igas andjlagellatus will be found, and, of course,

crowds of Ewjlena riridis.

Of Rotifera, Synchaeia pectinata will be abundant, and
Asjilaiichna priodoiita and hrightwelli will have made their

appearance in larger lakes and canals ; also Jirachinniis pala,

guailratus, and balceri ; Euchlanis triquctra and liyalitia,

Triarthra lonr/isela, Diaschi:a semiaperta, lihinops vitiea,

I'terudina 2i(itiiM, Jlastiyocerca hicornis, and many others.

Ti;sTlN(; OiLilcCTlVKS.— Tlie Ahhp Text /'late.—Full directions

accompany the test plate, so that the possessor can quickly

learn how to use it. It may, however, be stated that it consists

of a series of six silvered discs of cover-glass attached to a

H" by 1" slip, each cover-glass being of a different and specified

gauged thickness, and havinif lines ruled upon it in a deposit of

silver on the under-side. These ruled lines are coarse, and can

be separated by low-power objectives.

Information concerning the objectives is gained by the

appearance of the edges of each of these lines when illuminated

with a condenser of suitable aperture and an eyepiece of high
power with a central beam, by oblique illuminations, and by
rotating the stage, the correct thickness of cover having first

been found by experiment on the test plate.

The condenser used should yield a solid cone of illumination

equal to at least two-thirds of that possessed by the objective,

and after setting the tube length of the microscope to that for

which the objective is best corrected, the procedure should be
as follows :—The ditferent discs should be examined until the

one is found in which the lines are seen most distinctly. If

under no cover good definition can be obtained, nor by a

reasonable alteration of tube length, the objective may safely be
rejected as bad. It will probably be found, however, that under
one of the covers the lines will appear satisfactorily defined,

and it will be possible then to ascertain its corrections for

spherical aberration, chromatic correction, centreing, etc.

Sjifierica! Aberration.— If the objective will bear an eye-

piece of high power satisfactorily on the test plate, it is in

itself evidence of good correction in this respect. Further
evidence may be obtained by placing a small diaphragm beneath

the condenser, so that a cone equal to not more than oue-

quarter of the numerical aperture of the objective may be

yielded, and while looking at the lines, change the position of

this diaphragm from central to extremely oblique, the obliquity

being in a plane at right angles to the direction of the lines. If

the lines remain sharp throughout, the spherical correction is

excellent, but if there is a difference of focus, which is stUl

apparent on trying other thicknesses of cover-glass and altering

the tube length, and it is impossible to overcome a difference of

focus for the intermediate position of the diaphragm, the exist-

ence of a spherical zone is proved.

It may be mentioned incidentally that the above method is

one of the best for discovering the best tube length and thick-

ness of cover-glass for a given lens.

Chromatic Correction.—This should be tested for in the same
manner as the spherical aberration. Under these conditions an
apochromatic objective should show practically no colour, or at

the very most barely distinguishable traces of tertiary colour.

Well corrected, or semi-apochromatic objectives should .show

narrow bands of pale green (apple-green) on one side, and a

peculiar purple (or claret) on the other s^ide of each line, and
should show the same colours for all obliquities— the width of

the bands only changing—and give good definition with all

obliquities.

Poor objectives will show broad bands of primary colours

(yellow and blue) with very obUque light, and the definition

will be found to be bad.

Centreiiiy.—Inaccuracy of centreing is shown by unequal

definition of the two edges of the central line : that is, one edge

will appear sharp or nearly so, whilst the other will be hazy or

seen double, also the coloured edges will be more apparent on

one side of the field than on the other.

There is one point that has to be guarded against, and that is

the mistake of supposing that want of sharpness on the margin

of the field when the centre is in focus is due to spherical

aberration or inaccurate centreing. It is really due to want of

flatness of field, which is inherent in the construction of all

latter day objectives, and particularly so in those of high power.

There is, however, a curvature of field due to coma, iu which

case only the line or lines about the centre of the field can be

focussed sharply, those near the margin remaining indistinct

under any circumstances.

Definition.—A good standard test for definition is to use such

an eyepiece with the objective as will give a magnification in

diameters equal to one thousand times the numerical aperture

of the objective. Supposing therefore a A objective, having

an initial magnifying power of 20 diameters, had a numerical
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aperture of -A'), an eyepiece raagnifyinij '22J diaiimters would
bo reiiuired to give 450 diameters. This in practice becomes
a most excellent means of testing the endurance of a lens, and

it has the advantage of being based on a rational foundation,

the ratio being the same as an eyepiece power of 50 to each inch

of aperture on an ordinary telescope. This again is ecjual to

what would be seen of an object when looked at through a

pin-hole j'^
' in diameter, be_vond which the outlines of objects

fail in clearness.

I'ractice with the test plate will soon enable reliable estimates

to be formed of the quility of objectives, and these, when
confirmeil by direct observations on known test objects, will

enable the average microscopist to test his objectives for

himself.

If any standard tests were ever applied to microscopic

objectives, it would not be impossible by means of such an

accurate colour-photograpliic ]>roces8 as the Saiiger-Shepherd, to

make a record of the colour correction of objectives as seen

under specified conditions of illumination on the test plate, and
by establishing a standard, to give marks for perfection in this

respect.

Mr. John Browning, of G3, Strand, London, has sent for

review description and samples of his little micro camera, which
are intended to be attached to the body tube of the microscope,

the eyepiece being first removed. I have seen this cla.ss of ciimera

used at micro jfi/rt <'» by ardent photograiihers who have wished
to secure a photograph of a unique or interesting specimen.

The results obtained, of course, are not to be comjiared with
those produced with proper apparatus, but, with i)ractice, fair

images can be secured, and it might be that those who made a

beginning with one of these little ajipliances would be induced
eventually to extend their work with a suitable camera. The
])rices of these little cameras are from 5s. upwards.

Growths in W.\ter M.\ixs.—Reference was made in two
previous numbers to Puluilicella in reply to a correspondent, and
incidentally it was mentioned that the specimen had been dis-

covered growing in a w ater main. We have received from a reader

the following interesting notes :
—" A work which gives much

valuable information on this subject is ' The Microscopy of

Drinking Water,' by G. C. Whipple. Published by John Wiley
A Sons (Chapman & Hall, Loudon), of Xew York, 189'J. The
influence of micro-organisms other than bacteria (Schizomycetes)

on potable water has received very little systematic attention in

this country, but in some of the United States of America it has
been carefully studied by i)roperly equipped State Departments,
and the book above referred to is the outcome of the writer's

experience and study. A very full bibliography is contained in

an appendix. It is illustrated with very good i)lates.

Recently one of the 40" mains of the Manchester water
su]iply was cleaned out, and 700 tons of animal and fungoid
growths with entangled mineral matter removed, the deposit
being 3' thick. A .36' main in use from 189'.t to I'.iOl yielded
liJ9 tons.

Practic.\i. Sciikme, Material for DisTRinnrioN, &c.—
A correspondent in Oporto has sent a box of seeds of PairJoinUa
Iinperialia for distribution amongst readers, remarking that
these are beautiful objects mounted either di'y or in Canada
balsam. If any readers would like to have a small quantity I

shall liave ])leasure in sending it on receipt of a stamped
addresse<l envelope.

The Rev. G. H. Lea, of Jamaica, lias kindly sent samjiles of
sand from Dry Harbour Shore and deep-water gatherings, also
selected Foraminifera and MoUusca. There is not a large
quantity, but so far as it goes it is available for distribution
amongst readers who first apply for same enclosing a stamped
addres.sed envelope.

This same gentleman also offers to exchange Foraminifera,
Diatoms, sponge washings, or any other things that would be
likely to prove of interest from Jamaica to assist in rendering
the practical scheme effective in its working. I shall be happy
to forward letters.

The Rev. E. J. HoUoway desires me to state that the corre-
spondents who have sent tubes to him for Rotifera, will receive
them in a few weeks ; it being a little early fir gathci-ing
specimens yet.

In addition to the names given in the March number. Pond
Life and Rotifers may Ixs obtained from J. Hood, .')(», Dallfield
Walk, Dundee, at Is. per tube, or 26 weekly tubes for 21s.

Consultants.— I am jileased to be able to state that several

readers have kindly volunteered to assist in identifying speci •

mens. The subjects so far embraced are Diatoniaceaj ; Fora-
minifera and micro-organisms found in marine deposits ; Myce-
te/.oa ; food drugs and micro-fungi infesting plants. I shall be
glad to hear from those who will assist in other departments.

NOTES AND QUERIES.
Ilicharih, ('. J. R.—There is no little book on the identifica-

tion of Foraminifera from Cornwall. Williamson's "Recent
Foraminifera of (ireat Britain," pul)lished by the Ray Society

in 18o8, contiiins excellent figures and descriptions of the forams
then known, but the nomenclature is of course out of date in

many instjinces. Since that date, and especially of late years,

there have been an immense number of additions made to the

list of British forams. The figures and descriptions are spread

over a number of jiapers in the Proceedhigs of the various

societies. The majority of the British species may be found
figured and described in the " Challenr/er Monograph of

Foraminifera" by H. B. Bradj' ; but this is a large and expensive
work, though it may be found in many public libraries. Brady
published a Synopsis of the British Forams in the Journal of
the lioi/al Microscopical Hocielij for December, 1887. This con-

tains all species recorded up to that time, but there have been
many additions since. This paper is invaluable, for although

it does not figure any forams it contains full references to the

])apers in which they are figured. Jlr. Earland, who has kindly

reported as above, remarks that he will be pleased to assist in

naming specimens for you if they are not too numerous. They
should be mounted on a card or wood slip, uncovered, and each

specimen numbered.
//. E. P.—INIr. Lister, the author of a " Monograph of the

Mycetezoa," compiled for the British Museum, wrote the

following method of examining and mounting sjjecimens :

—

" In preparing sporangia for examination, we add a drop of

methylated spirit to expel the air from among the spores, and
then add water and carefully wash out the spores from amongst
the capillitium with the aid of a couple of mounted needles ; a

little practice will enable you to do this without materially dis-

turbing the arrangement of the capillitium threads. If the

specimen is to be kept we add a drop of 1 -20 solution of carbolic

acid, and mount in glycerine-jelly."

]{.—The achromatic condenser in relation to the objective

must not be judged by its total aperture, but by the solid cone

of illumination that it yields. The first point to determine,

therefore, is the aplanalic cone of the condenser that is to be
employed. No good objective will bear a cone of illumination

equal to its own aperture ; three-quarters is generally con-

sidered the maximum. If, therefore, you were using an objec-

tive having I'O N.A., a condenser giving an aplanatic cone of
"75 N.A. would in general be sufficient.

Her. (j. V. G.— It is almost impossible to advise on the choice

of a camera lucida because the pattern that suits one may not
give good results in the hands of another. All the forms you
mention are good ones. The most sensible course would be for

you to obtain two or three different kinds for trial and ascertain

for yourself which one you could uie with the greatest facility.

The Beale's neutral tint has always suited me best ; there is the

defect of the inverted image, and it is probable that you would
find Ashe's pattern more convenient and efficient. A note

appeared on this in the October number of Kxowlkdce.
MouNTlNi: EnTo.mosTkaca.—/. //. (t.—A correspondent

states that " this may be done in the same way as Mr. Rousselet

is now describing tor Rotifera. I myself use a 1 per cent,

aqueous solution of Beta Eucaine .as a narcotic, and kill with a

;j
percent, solution of osmicacid, and after washing thoroughly

mount, as Mr. Rousselet recommends, in a 2^ per cent, solution

of formalin. In fact, if ' J. H. (>.' follows the instructions given
by Mr. Rousselet he will probably find that the only alteration

he has to make will be in the strength of tlie various solutions."

C. II. C.—l am unable to trace a book on Parasitic Leaf
Fungi exclusively, but you may be able to select from the

following one that will give you the information you require :
—

" Diseases of Plants " (H. Marshall Ward;. The " Fungi-flora"

( Cooke) or (Massey), would, of course, have the genera and
species of the parasitic leaf fungi among the other fungi, and
there is much interesting matter on jiarasitic fungi in " Fungi :

their Nature, Influence, and Uses," by Cooke and Berkeley
(International Scientific Series).
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II. (1. B.—The specimen you have sent can har.lly be Fluntra
rhiirtareo', its this species is but 1 J

'

' in height, and is distinguished

by its small size ; it is more likely to be Flimtra securifraiis

(Pallas), anil follo\ve<l by llincks.

(/'. /'.— The simplost andijuickest means of measuring objects

under examination is with an eye))iecc micrometer dropped into

the eyepiece to rest on the diaphragm. The value of the lines

of this micrometer have first to be taken from a stage micrometer
with the objective and eyepiece in use. The blue glass that

you use, from the point of comfort is quite sufficient. The
object of the green glass is to render the illumination approxi-

mately monochromatic. Provided the glass is fairly free from
bubbles, &c., there is no reason why it should not be placed
immediately beneath the condenser. A stand is necessary when
liipiid filters or combinations of coloured glasses are used.

./. H. A.—The objectives you mention by Bausch and Lomb
are thoroughly good, and you would be quite satisfied with them
for general work.

Communications and e>iquiries on Microscopical matters are

corilkiUy invited, and should be addressed to M. I. Cross,
Knowledoe Office, 32G, High Holborn, W.C.

NOTES ON COMETS AND METEORS.
By W. F. Denning, f.r.a.s.

Comet T. 1898.—Herr Adolph Hnatek, of Wien, has computed
definitive elements for this comet which was discovered by Giacobini

at Nict> in 1898, June .8. During the months of June, July and
August, 94 observations were obtained. The comet appears to have

been revolving in an eUiptical orbit of great excentricity, tlie com-

puted period being 42,043 years (Ast. Nach., 3770).

The Apbil Meteors.—Moonlight will greatly interfere with

observations of the shower this year. The maximum will probably

occur on the morning of April 22, and the moon will be full on the

evening of the same day, so that only the brighter meteors will be

visible. In 1901, April 21, there was a moderately plentiful display,

and it will be advi-able to watcli for its return this year, though the

brightness of our satellite wUl rob the. event of its conspicuous

features.

May Metbors.—The moon will have sufficiently waned on the

mornings of the first week in May to allow the Aquarida to be satis-

faetorilv seen. This shower presents an orbital resemblance with

llalley's comet, and has therefore acquired a special degree of interest.

The comet is expected to return to perihelion in 1910, May, and it

will be important to watch annually for its associated meteor shower

during ensuing years to ascertain whether it intensifies as the earth

passes nearer to that section close to the parent comet. The mean
position of the radiant is at 336'4° — 2 5°, and this point does not

rise m England until shortly before 2 a.m., when morning twilight is

strongly in evidence in the north-eastern sky. In southern latitudes

the shower can be more successfully observed than in England, as the

radiant is visible for a longer period before sunrise. The meteors

are swift with streaks, and their paths are abnormally long, a leature

which seems characteristic of meteors directed from radiants at low

altitudes.

FiEEBAi-i. OP 1902, Janxjabt 7.—At 8.30 p.m., a very brilliant

detonating fireball was seen by many observers in New South Wales.

At Sydney tlie object is described as having increased in size as it

travelled along, and as finally exploding in the same manner as a

rocket Some of the fragments travelled eastwards, and ' appeared

to go down into the sea." At Scone the fireball passed from S.W. to

N.E., and two minutes afterwards a tremendous concussion shook

the doors and windows. A noise as of distant tliimder was also heard.

At Gunnedah the blaze of light startled pedestrians, while at

Newcastle the earth and sky are stated to have been brilliantly

illuminated for several seconds with a beautiful orange-coloured light.

Air. W. E. Besley, the Director of the Meteoric section of the 13. A. A.,

has received about twenty accounts of the meteor, and though most of

them are of a very imperfect character he has aproximately deter-

mined the real path. The beginning height was 71 miles, over a pmnt
20 miles E.of Muswellbrook, andtheobject moved to N., disappearing

when 28 miles over 20 miles W. of Walcha. Radiant at about

240° — 83° in Octans, but the exact position is doubtful.

Laboe Meteors.—The following have been reported from various

places, and it would be useful to have further descriptions :
—

1902, January 24, 5h. 25m. Like a large rocket. From N.W. it

moved slowly nearly parallel with the horizon towards N.E. Altitude

45
', duration 5 to 8 seconds. H. Sheppard, Bergen, near Bishop's

Stortford.
)9ii2, January 24, 12h. Im. Biiuht meteor passed from a little E.

of a Lconis, towards S. of W., crossing the moon in its flight.

Duration 5 seconds, streak lasted 10 minutes. P. Mulligm, Lancaster.

1902, January 30. 6h. 25m. Mag. 1. Falh 4U° + 20° to 4.5° + 9°.

Slow. Reddi.sh-yellow train. Ivo F. II. C. Gregg, liouriiemouth.

1902, February 1, 8h. 20iii. Brilliant meteor fell Ui the ea.«tward.

It was of a steely-blue colour and descended with an inclination

towards N., bursting into fragments in its passage through the

atmosphere. Or. Tavlor, Shrubland PHrk.

1902, February 1, 12h. 4m Equal to Capella. Travelled from
near the zenith to N.W. and disappeared in Cassiopeia. Wery rapid.

Ten minutes later an electric-blue meteor, twice as bright as any star

visible, appeared in the zenith and passed due N., disappearing at the

Pole star. G. II. Price, London, S.W.
1902, February 12, llh. 14m. Brighter than Venus. Path

215° + 35° to 195° -H 20°. Verv swift left a streak forscveral seconds.

Eev. W. F. A. Ellison, Dublin.

1902, February 15, 8h. 25m. Bright meteor shot from direction of

Orion and travelled towards west. Duration, 4 seconds. Colour,

head blue, tail consisted of three red balls. F. F. Grench, Wimbledon.
1902, March 5, lOh. 35m. Meteor equal to Capella shot from

158" + 70° to 98° -I- 40°. Duration of flight 2 to 24 seconds. Eev.

W. F. A. Ellison, Dublm.
1902, March 6, lOh. 58^m. Mag. 1 to equal Sirius. Path

108° + 29° to 110° — 2°. The meteor gradually brightened during the

second half of its path, and then suddenly vanished. The nucleus

was bluish white, witli a train of yellow sparks. C. L. Brook,

Meltham, Huddersfield.

THE FACE OF THE SKY FOR APRIL.

By W. Shackleton, f.r.a.s.

The Sun.—On tlie 1st the sun rises at 5.40 a.m., and
sets at 6.30 p.m. Ou the 30th he rises at 4.38 a.m., and
sets at 7.18 p.m.

Few sunspots are to be expected.

A partial eclipse of the sun takes place on the 8th, but
it is visible only in the high latitudes of the North
Pacific Ocean.

The Moon
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Th« liist contact with the shadow occurs at (50° from the

N. jK)int of the moon's limb towards the west.

The majjnitude of the eclipse, that is, the distance at

mid-totality of the most immersed limb of the moon to the

boundary of the shadow nearest the opposite limb divided

b_v the moon's diameter is r337.

Of exceptional interest this month are the occultations

of the bright stars T Tauri and Spica. the particulars of

these as well as others visible at Greenwich are as

follows :

—
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No. :5.

Whitk ( )

'^ hiU ui itt s 111 t«() ino\i.s

Intending competitors iu the Problem Tourney (for

three-move problems) are reminded that entries close on

April lOtli. I should be glad if solvers of this month's

pioblems would address their solutions to me at

16, Kingston Road, Oxford.

This year's Solution Tourney commences in the next

number of Knowledge, and will continue till the end of

the year, all subsequent tournaments beginning in January.

The winner will hold for twelve mouths the Knowledge
Challenge Trophy, of which an engraving appeared last

month. This will become the property of any solver who
wins it three years in succession, or four years altogether.

In the event of a tie this year the tie will be decided by a

further trial of skill under new conditions, bat in the event

of a tie in any subsequent year, the previous holder will

retain possession of the trophy. In that case, however,

neither a win nor a loss will be scored to the holder. For
example, should the winner of this year's tournament tie

for first place with one or more others iu 1903, the trophy

will become his property if he wins it (without a tie) in

1904 and 1905, or if he wins it three times more altogether,

a])art from ties.

The second prize will be 15s., and the third prize

Knowledge for twelve months. In the event of ties for

either or both of these, the ties shall be played off (as

above), or the prizes divided at the discretion of the Chess

Editor.

The problems published will be either three-move or

two-move direct-mates, and not more than three will

appear in any number. In the event of any problem being

incorrectly printed, it will be cancelled and reprinted.

Points will be awarded as follows :

—

Tiro-mnve Prahli'iiif!.—Any one correct key, 2 points;

a second solution, 1 point.

Three-move Prohleuis.—kny one correct key, 4 points
;

a second solution, "2 points.

One point will be deducted for any one incorrect claim

for a second solution. A correct claim of " no solution
"

will count as a correct key.

In addition to the above, the following special condition

will ajiplv during the progress of a prolilem tournament :

—

" For each dual continuation on White's second move, 1

point ; 1 point being also deducted for each incorrect

claim of this nature." When a problem has more than

one key, no points will be given or deducted for claiming

duals. A "triple," etc , will count only as a dual, and a
" repeated dual " will count only as one dual, the Chess

Editor being the sole judge as to whether any particular

dual shall count as merely a repetition of another dual, or

as a separate dual. Anyor all of these conditions (excejjt

those relating tf) the Cliallengc Trophy) may lie modified,

if found desirable, in future years.

CHESS INTELLIGENCE.

Fiftli Prize ^ C. Seliloclitcr 12

Sixth Prize ^ S.Tarniscli .. 12

Seventh Prize ) Herr Wolf .. 12

The Monte Carlo tournament came to a conclusion on
March 12th with the followintr result :

—

First Prize, G. Maroczy ... 14?
Sceond Prize, H. N. Pillshury \A\
Third Prize, D. Janowsky ... 14
Fourth Prize, R. Teichmanu 13i

The remaining scores were M. Tchigorin, 11^, F. J.

Marshall, 11, 1. Gunsberg, lOf, J. N. Napier, 9|, J. Mieses,

91, J. Mason, 9, M. Albin, 8^, G. Marco, 7f, Popiel, 7^,

Von Scheve, 5, Eiscnberg, 4^, Reggio, 2|^, Mortimer, 1.

It will be noticed that the scores of the first four are

extremely close ; in fact there is no noticeable gap till after

the sixteenth name on the list. Dr. Tarrasch was naturally

out of practice when he started, but picked up rapidly as

soon as he recovered his form, and is evidently as dangerous

as ever. Marshall fell off towards the finish. Mr.
Teichraann for once did himself justice, and proved
himself to be the strongest of the British representatives.

Mr. Napier made a most successful first appearance for

the duited States, but Herren Marco and Mieses are

below their accustomed places.

The Anglo-American cable match concludes as we are

going to press, with the following result :

—
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STILT-WALKERS.
By E. A. Butler, b.a., b.8c.

The order of insects which is known as KhvnchotH
(beaked), or Hemiptera and Homoptera, and popularly
called "Seld-bugs." contains many extraordinary forms
remarkable for the extreme modification to whicii one or
more of the organs of the body have been subjected.
Some i>articular line of development has been followed to
such an extent that it seems impossible to imagine any
flirt her mo<lification in the same direction ; the climax has
been reached, and the jmssibility of any advance beyond it

seems to l>e barred by the mere physical conditions of
existence. The parts that possess the greatest plasticity
appear to be the thorax, the legs, and the antennsc.
While the most noteworthy devehipments are seen, as

might be expected, in exotic species, our own country
furnishos in this order at least one small and interesting
tollcciion of insects exemplifying a tendency of the kind
referred to. From different families of" the British
Hemiptera we may select a group of species which have
attained in their legs and antennae the highest degree
of length and tenuity that seems compatible with the
preservation of these organs at all. Of course a consider-
able reduction in the thickness of the body has been
brouglit about at the same time, otherwise it would have
been too lieavy to be supported by the attenuated legs.

As these examples belong to several distinct families, it is

evident that their slenderuess has been independently
acquired, and hence wo have in these stilt-walkers a good
instance of iiarallcl development. Since the insects are
absolutely unknown to any but professed entomologists,
they have no popular names, and hence, in speaking of
them, I am compel leil to use their somewhat cumbrous
scientific names.
As the first exain]ile of this spectral group we will take

the insect calle<l Mf/atropis riifi'nceni! (Fig. 1). This is by
no means a common insect, though when it does occur it

can usually be found in some nuinijers. It is a vegetable
feeder, and is sjiecially attached to the plant called

"Enchanter's nightshade" (Cirriea lutetiana), the juices
of which it sucks through its slender beak. The plant is

an abundant weed in shady places, but the insect is not
more tliau a very occasional accompaniment of it. It is

an exceedingly elegant sj)ecies, witli a narrow body of a
reddish yellow colour, about five-eigliths of an inch long.
The thorax rises into a strong liump behind, and is

ornamented and, no doubt, strengthened with three
prominent keels, like buttresses, one in the middle and one
at each side. Behind the thorax the body suddenly
narrows and shows a pinched-in waist. The thighs of all

the legs are swollen at the tip, or, in other words, end in a
club. Tliis is also the case with the first joint of the
artenna?, while the terminal joint is wholly swollen and
club-like. These clubbed thighs and antennse are entirely
characteristic of the family to which the insect belongs.
All these appendages are pale-coloured, and their whole
length is thickly spotted with black. The legs end in very
small feet, each of which, notwitlistanding its minuteness,
consists of three joints, and these six minute objects are
the only parts that are in contact with the ground.
Such is th_' insect which may be found in late summer

standing on. or walking over, the leaves of the enchanter's

Fig. 1.

—

Metatropis rnfescens. Fio. 2.

—

Mefacanthti.f punrtipes.

nightshade, keeping its body well up off the leaf, slung up,

as it were, on its six hair-like legs, which act as so many
springs. The antennae, being so much like the legs in both
shape and adornment, give the insect the appearance of an
eight-legged creature such as a spider, though the length
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of the boilj' soinewbat interferes with the (k'ccptiveiiess of

the appearance. The legs are so extremely thin as to l)e

visible witli ilifficulty at a little distance, when the insect

is resting up(in the leaves of its foo(l-i)lant, though they

stand ont plainly enough when viewed against a back-

ground of white card, as would be the case in a collector's

cabinet. It is doubtful, therefore, whether the insect is

to any extent benefited by its superficial resemblance to

a carnivorous and dangemus animal such as a sjijiliT.

The enchanter's nightshade often grows under beech

trees, and the reddish yellow bud-scales of these, as they

fall from the tree, may often be seen lying on the leaves

of the plant, in which position they look much like the

body of Mi'ldtrnpin, but this again may be nothing more
than an accidental resemblance. There would seem to be

two advantages connected with length and slenderness of

legs. As already stated, they are practically invisible

except at close quarters, and they give, of course, a longer

stride, enabling the insect to traveree a fairly long distance

in a short time without proceeding at any great speed.

But, as Metatropis does not appear to wander much,
remaining all its life in close association with its food-

plant, this last property can hardly be of much service

to it.

Another member of the same family is Metacanthus
pvndipes (Fig. 2), a much commoner insect, which can
usually be found in sandy places, wherever the rest-harrow,

with its pretty pink pea-like flowers, grows. It is a much
smaller insect than the preceding, and from the absence
of colour in its wings, looks a good deal like a gnat.

Anyone who wants to find this curious creature should
select a luxuriant patch of rest-harrow on sandy soil in

July, August or September. If the outlying branches be
lifted up, the probabilities are that Metacanthus will l)e

seen in numbers underneath, perhaps both the green
larvae and the greyish looking perfect insect being present

together. Under the microscope this is really a very
pretty insect; its black head and red neck contrast finely

with the yellow thorax with its two black patches in front,

and its black-tipped keels. The triangular hinder part of

the thorax, or scutellum, carries a cvirious curved spine,

the use of which can only be conjectured. In other

respects this insect is like a small edition of the pre-

ceding one. Like Alelatropis it is always found in close

association with its food-plant, upon the juices of which
it subsists. These two insects very well illustrate the
close connection that so often exists between the vegetable
and animal worlds ; they are natural parasites upou
their special food-plants, and their fortunes are entirely

dependent u])on that of the jjlants.

Closely allied to these two, and with even narrower body
and finer legs, is Neides tipularius (Fig. 3). It is a
yellowish grey insect, about the size of Metatropis, with
the same clubbed legs and antenme, and the same minute
feet, but without the black spots on legs and antennae.
Unlike the other two, it does not seem to be attached to
any particular food-plant, and indeed is seldom found
otherwise than singly and promiscuously. It frequents
heathy and sandy places, and may sometimes be discovered
lurking under dead leaves, or at the roots of i)lants in such
situations, as well as on the plants themselves. Its sandy
colour, and its general slenderness of build, make it

difficult to detect when on the ground, provided it has the
wisdom to remain still. If it moves, its comparatively
large size at once betrays it.

For our next example of stilt-walkers we must go to
(juite another family, in which we shall find considerable
difference in structure as well as in habits, though with
the same slenderness of build, or rather with the slender-
ness accentuated. The best example is Ploiaria niifnhtnida

(Fig. 4), which, if we exclude the numerous spi-cies of

gnats and their allies in the order Diptera, is unquestion-

aldy the most delicate insect in our British fauna. All

the clubs have practically disappeared from both legs and
antenna;, and these have, in their slenderest parts, become
considerably finer than human hairs, as may easily be seen

by ]ilacing a hair beside them. Fine though they are, let

it lie remembered that they are tubes, carrying within

Fig. 3.

—

Seides tipulari Fig. 4.

—

Ploiaria ragabunda.

them the muscles required for locomotion. Both legs and
antennse are beautifully adorned throughout their length

with black rings placed at intervals, and are set throughout

with long hairs, which, of course, are much finer than the

legs to which they are attached, and are quite invisible to

the naked eye. Concurrently with the reduction in the

thickness of legs and antenna?, there has been a propor-

tionate lessening of the length of the foot, which is about

as short as it could well be. Only two pairs of legs

partake of this elongation ; the front pair are short, and
comparatively stout, and they are noteworthy for the

unusual length of their basal joints or coxee, which, instead

of being embedded as usual in the general armature of

the body, pi'oject considerably, and so give the legs greater

freedom of motion. These legs are used for predatory

purposes, for the insect, though of so delicate a structure,

is strictly carnivorous in habits, feeding upon the juices

of other insects, which it catches with these legs. The
sucking beak, or rostrum, as usual in this particular

family, is short and curved under the head, but not laid

close against the breast, as is the case in most other

Hemiptera. The upper wings are beautifully mottled with

dark grey, making an exquisite pattern like that of grey

marble. The hinder part of the thorax carries two long

spines, one behind the other, while a third appears at the

base of the abdomen. The eyes are very prominent, and
the insects have unquestionably good powers of vision, as

might be expected from their carnivorous instincts.

These exquisite insects are to be found in all sorts of

localities. Often they occur on trees, especially oak and
fir, but perhaps ivy and holly are as attractive as anything

to them. Of course these trees are frequented not for

their own sakes, but on account of the other insects which
they harbour. On one occasion I found a large assem-

_blage of them on some oaken palings. Such palings are

well known to entomidogists as good hunting gi-ounds,

and Ploiaria had no doubt in this instance discovered the

same fact. Although they occur on such trees as above,

often in considerable numbers, it would be quite useless

to search the branches for them, as their grey colour and
extreme slenderness make them quite invisible in such

situations. If the branches be shaken or tapped over a

sheet or some other clear surface, the insects will easily



May, 1902.] KNOWLEDGE 99

fall from thoir porrhes on to the ivcepUu'le awaitiui,' theui.

But evou tht'ii it is not oiisj to sec- them, and sometimes

one liuds that one has been lookinj; strai^'ht at a specimen

without noticing it, till it began to move, and then the eye

has become conscious of a sort of faint shiftint; cloud or

shadow, which at last resolves itself into the outlines of au

insect. Plotoria is therefore excellently protected. It is

almost invisible, at least to human vision, and even when
it is seen, it is found to be coloured like a bit of lichen,

such as mi<;ht l>e found in similar situations ; again, like

the re.it of the order, it has a ijland for the secretion of a

fluid which probablv renders it distasteful, and even if any
creature did essay to eat it, it would !>»> liardly wortli the

trouble, and would prove a very unsatisfactory morsel, as

there is so small an amount of matter in the hady, and the

hair-like lejjs and antonnie would probably get in the way.

There are two other Briti.sh species oi this extraordinary

genus, both of which are much smaller insects, though
with e<(ually slender legs and antennie. The commoner
of the two is found not iinfrequently in thatch, where no
doubt it has a fine time amongst the immense numbers of

small insects of every description that delight to con-

gregate in such places, finding thus abundance of prey,

with but little trouble to itself. It is about the size and
somewhat of the appearance of a gnat, whence the name
culiei/ormis, or gnat-shaped, given to it.

To find our next example of these stilt-walkers we must
go to the banks of a weedy pond, and here again good eyes

will be needed to detect the object of our quest, for we
may be looking straight at half a dozen of them and yet not

see them until they move. The insect we are in search of

is a sooty black one, called Kijihometra staynonim ( Fig. .5),

a representative of a third family quite distinct from
either of the other two, but still exhibiting the same
degree of slenderness in both legs and antenuor, though
these are not quite so long as in the other instances.

It will be found either parading the muddy banks under
the shelter of the weeds, or walking on the flat leaves
of the water plants as they float on the surface. It

is one of a very few insects that have solved tiie difficult

problem of walking upon the water, moving its legs in the
same way as when on land, and not with a skating or
swimmiDg movement such as is adopted by its relatives.

FlO. 5.

—

Hginmetra ttagnorun Fig. 6.

—

Banalra linearis

It moves equally fearlessly whether along the muddy
banks, over the Hoating leaves of the water weeds, or oil

the water itself, stepping from the one element to the
other with th.' ntninst confidence, and not even wettin" its

feet iu the process. The practicability of this feat no

doubt depends upon the extreme slenderness and conse-

quent lightness of the insect, its weight being insufficient

to break through the surface tension of even so mobile a

liquid as water. Though capable of walking on the water,

it never gets far away from the water weeds, and wouM
probably feel itself somewhat lost if it were suddenly

transferred to the midst of a broad sheet of water.

If by accident it should become immersed and so get

its legs wetted, it finds great difficulty in regaining its

position. A specimen which I once watched under these

circumstances tried to get out upon the leaves by thrusting

its legs above the water close to the edge of the leaf. But
each of the fine hair-like limbs, as it emerged from the

water, dn^w out with it a thin film of the liquid which

greatly hampered its movements, ami evidently needed a

hard struggle to get rid of. When at last it had got clear

and ha<l apparently escaped from the troubles of capillarity,

it was unable for some hours to venture on the water

again ; each time it attempted to do so, its minute feet

gradually slid outwards, and its legs, giving way beneath

it, left the poor creature sjirawling upon the surface in a

perfectly helpless condition. By refraining for some hours

from trusting itself to the treacherous element, it ulti-

mately recovered its power, and was able to walk about

over the water as freely as before.

One of the strangest features in the organization of

this insect is the great elongation of its head, which has

evidently been subjected to the same lengthening influ-

ences as have operated upon the rest of its anatomy. It

projects far in front of the eyes, forming a long snout

which broadens at the end. There is almost an equal

amount of the head behind the eyes, so that the whole

head forms nearly one-third of the length of the insect.

Unlike the preceding examples, this insect is scarcely ever

met with in a winged condition, both pairs of wings being,

as a rule, aborted.

Our last example of these stilt-walkers shall be the

insect called Ranatra linearis (Fig. 6), one of the so-called

water-scorpions, and a member of a family of Hemiptera
which is very distinct from all of those already mentioned.

One of the most noteworthy distinctions is that the

antennse, which hitherto have been very long, are here

quite minute, and are practically invisible unless specially

searched for, through being concealed by habitually lying

in a depression. This particular water scorpion is not a

very common species, and as it lives at the bottom of

weedy ponds, only occasionally coming to the surface, it is

scarcely ever seen unless caught in a net, or secured by

dragging the weeds out of the pond. It is a large insect,

far exceeding the dimensions of our other examples, and
therefore, of course, its legs, though still very slender for

a creature of such size, are not absolutely so thin as in the

previous instances. They are, however, sufficiently stilt-

like, both in shape and in use, to warrant our including

their possessor amongst the subjects of this pjaper. These
thin legs, of course, offer very little resistance to the water

as liaiiiitra moves about at the bottom of its pond, or

amongst the water-weeds. Anyone who is accustomed to

sea-bathing, and knows by experience how laborious a

process the human being with his thick legs finds it to

make his way on foot through the water, will appreciate

the advantage conferred upon Banalra by its spindle-

shanks, and hence we see a distinct line along which
natural selection may have proceeded in producing so

extrat)rdinary an insect. From the figure it will be

observed that only two of the three jjairs of legs have been

modified in this jiarticular way. The front pair have

reached a degree of specialization which is even more
remarkable. Here the tendencv to elongation has been
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fult ill two sections of tlie legs only, the others beinjj

almost (Iwarfeil in [iioi)Oi-tion to these. Tin' liasiil joint,

or coxa, which, as nlreadj- pointed out under P/oJOi/a, is

usually embedded in the general armature of the body, is

here attached V>y one end only, and is elongated so mueh as

to project far iu front of the head. It thus forms a sort

of handle, on to which is attached so much of the leg as

we generally see projecting from the body. Thus great

freedom is secured in the movements of the legs, which
are eminently adai)ted to the predatory operations in

which they are concerned. The raptorial character of the

leg is further conditioned by the elongation of the thigh

and the Ju-arfing of the tibia and tarsus ; the latter two
parts are together no more than half the length of the

thigh, and they fold back upon it, fitting into a groove

along its edge, and so constituting a gripping instrument
for the seizure of prey, and presenting that superficial

resemblance to the claws of a scorpion, which has sug-

gested the popular name of the insect.

Alike as all these insects are in the length and sleuder-

ness of their legs, and in the stilt-like appearance this

produces in walking, we are not to regard these resem-
blances as indicating close relationship. The insects, in

fact, do not form a natural group, but, as we have already

seen, they belong to at least four distinct families, and
the jieculiarity of their configuration and development
apjiears ]>erhaps more striking when they are seen, not all

grouped together as iu this paper, but placed in their

proper zoological position amidst the rest of the species of
their order, with insects of quite normal form on
both sides of them. The order Hemiptera, as a whole,
is never indeed noted for thickness of legs, but still these
particular species have carried the general tendency to a
far greater extreme than the rest of the order, and indeed
one can hardly imagine the possibility of any further
development in the same direction. And, further, except
one section of the order Diptera, there is no other order of
British insects that can show similar extremes of develop-
ment. It is remarkable too, under what diversity of

circumstances this similarity of form has l»een acquired

;

for, as we have seen, some of our examples are inhabitants
of the land, and some of the water ; some are vegetarian,
others carnivorous ; and of those that are vegetarian, some
are attached to particular plants, while others are geuei-al

feeders ; , some, again, are habitually winged, others
habitually apterous, and so on.

THE ANCIENT WILD OX OF EUROPE, AND
ITS LIVING REPRESENTATIVES.

By R. Lydekker.

Among many. losses attributable, directly or indirectly, to
the first French revolution appears to be one which is

absolutely irretrievable, and must ever remain a source of
the deejiest regret to the naturalist. Up to that time there
were preserved in Alsace two huge horns commonly
reputed to belong to the givat extinct wild ox of Europe.
The one was preserved in the cathedral at Strassburg, the
other in the ejjiscopal palace at the.neighbouring town of
Zabern, or Saverne. The former was of great length
((U feet), and comparatively slender, while the second
(which was mounted with silver and used as a drinkinc-
horn) was also very large and apparently stouter. Its
length is not given, biit its capacity was so great that it

would hold four litres of wine.

The French naturalist, Buffon, who saw the Strassburg
specimen, believed that it was tndy the horn of a
wild ox, or aurochs, but this opinion is dis[)uied by Prof.

Nehring, of Berlin, who, on account of its great length and
slenderness, considers that it belonged to a domesticated
Hungarian bullock. This is confirmed by an ancient

tradition that the horn in questi<m was that of one
of the oxen employed in carting stones for building the

cathedral, and Dr. Nchring's view may accordingly be
accepted.

On the other hand, the Zabern horn, whose capacity, as

already said, was four litres, may, in the opinion of the

same authority, he confidently regarded as that of an
aurochs. For if it be assumed that its capacity has been
somewhat enlarged by shaving away the inner surface, it

would seem to accord fairly well in size with large fossil

specimens of the bony horn-cores of that animal. For
three centuries the Zaljern horn was the emblem of an
association known as " the brotherhood of the horn

"

This society was founded iu May, 1580, by Bishop John
von Mauderscheid, who came into possession of the horn
as a hunting trophy, or heirloom, from his ancestors. The
meeting-place of the society was the castle of Hoh-Barr,
near Zabern. The horn was regarded with great veneration

by the members of the confraternity, to which distinguished

strangers were occasionally admitted as "honorary' mem-
bers." Like the Strassburg ox-horn, the Zabern aurochs-

horn mysteriously disajipeared during or soon after the

French revolution.

With its disappearance vanished apparently the last

relic of an aurochs killed within the historic period. It is

true that Prof. W. B. Dawkins* has stated that a pair of

aurochs-horns were borne in procession on certain occasions

in the canton of Uri, Switzerland, so late as about the

year 18(56, but I am unable to find evidence that the

practice is continued, or that the horns are still in

existence.

In the middle ages aurochs-horns were commonly pre-

served —although even then as rarities—in churches and
castles, where they wei'e generally used as drinking- vessels;

and it is mentioned in the Commentarieg of Julius Csesar,

that even in his time, such horns, mounted in silver, were
employed for the same purpose. In the year 1550,

Conrad Gesner mentions that an entire aurochs-skull

(apparently with the horns) was preserved in the town-
hall at Worms, and another at Mayence. Probably both
have long since perished.

Seeing that horns are almost unknown in a fossil state,

it might well have been thought that, with the loss of the

historic Zabern specimen, the last example of an aurochs-
horn had disappeared for ever. By a lucky chance, a
nearly perfect horn of the wild ox has, however, been
recently discovered in a peat-bog in Pomerania, together

with a fragment of the bony horn-core on which it was
sii2)ported during life. The specimen has been described

by Dr. Nehring, and proved to belong unquestionably to

the aurochs, as distinct trom the bison.

The mention of both aurochs and bison in the preceding
sentence, renders it desirable to allude to a matter which
has lieen the cause of considerable confusion and miscon-
ception. Until within the last few years, nearly all

naturalists regarded these two names as synonymous, and
a])plied them both to the bison ; or rather, iu many cases

drojiped the latter name altogether, and miscalled the

animal to which it belongs the aurochs. The same prac-

tice is largely followed by sportsmen at the present day. In
old German the wild ox appears to have been called

indifferently either iir or aucroch ; the former name being
Latinised by Cajsar into Urns. .4 HfrocZ/jt, according to the

usual interpretation, signifies mountain, or wild ox ; but
opinions differ as to whether tir has a similar meaning, or

* Quart. Journ. Geol. Soe., A'ol. XXII., p. 393.
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wliether it siffiiifios the old or priiiu'val ox. Be this as it

may, the wild ox, which may oveu iu Cicsar's time have

been ijrowing scarce, gradually became rarer and rarer

during the middle atres, till it linally disappeared in the

first half of the seventeenth century. The name, however,

still remained amon^; the peasantry of Eastern Europe,

and as there was no species to which it could |iossil)ly

apply save the bison, which then still survived in Poland
and elsewhere, it was transferred to that animal, of

which, as already mentioned, it became the common
desii;nation. A precisely analogous instance has occurred

in Eastern Russia. The bison, iu place of being restricted,

as now, to Lithuania and the Caucasus, was formerly much
more widely distributed. When it disapj>eared from
certain districts, its name still survived, and became
transferred by the peasants to the eastern race of the red

deer, as the only large wild ungulate with which they
were acijuainted.

As regards the gradual extermination of the aurochs
as a wild animal during the middle ages, much important
eviiience has been collected of late years by Messrs. Nehring
and Schiemenz.

During the Pleistocene epoch, when the mammoth and
the woolly rhinoceros inhabited the British Islands and
the Continent (which were then one), the aurochs was a
common animal, as is attested by the abundance of its

remains in formations of that age. Some of the finest and
largest skulls of this so-called Hox j'riinitji'nius were ob-

tained by the late Sir Antonio Brady from the brick-earths

ot Ilford, in Essex. Other skulls have been obtained from
the peat of Perthshire, from Burwell Fen, Cambridgeshire,
and from a peaty deposit at Newbury, in Berkshire. A
skull from Burwell Fen, in the Woodwardian Museum, at

Cambridge, has a tlint-im]ilement embedded iu the fore-

head, thus showing that the animal was hunted by the
Prehistoric inhabitants of our islands at a time when the
niammuth and rhinoceros had already disappeared.
As to the date of the extermination of the wild aurochs

in Britain there is no decisive evidence, but uo skulls or
other remains have hitherto been identified from deposits
of Roman or later age. It is, of course, possible that it

may have survived till the epoch iu ijuestion, or later, in
the more remote parts of the kingdom, and Prof. Dawkins
has even suggested that the huiri sylvenfres mentioned by
Fitzstephen, who wrote his "Life of Beckett" iu the
reign of Henry II., as inhabiting the forests round London,
were aboriginally wild animals. On the other hand, they
may equally well" have been cattle that had run wild, and
this is confinned by Bishop Leslie, of Ross, who stated in
1598 that the Bos sylvestris of the Caledonian Forest was
white.

On the Continent, we have the evidence of Cssar as to
the o-existence of the aurochs or urus in the Hercvniau,
or Black, Forest with the bison and the elk. And' it is

related how the young German warriors of that time
pi-epared themselves for war by hunting and killing the
fierce aurochs. A remarkable confirmation of the truth of
Ciesar's statc-ment as to the co-existence of the aurochs
and bison on thr Continent during the period of the Roman
occupation is afforded by the discovery in Swabia, during
the widening of a railway in 189-5, of two statuettes of oxen
belonging to the Roman period. They were dug \ip in loam
at a depth of nine feet 1)elow the surface, and have been
descril)ed and figured by Prof. E. Fraas.* The one, as
shown by the great elevation and depth of the fore-
quarters, clearly represents the l)ison. The other, on the
contrary, is as evidently intended for the aurochs. The
horns have beeu broken off in both specimens, but what

• " Fimdbprii-lit* uus Schwaben,"' Vul. VII., p. 37 (ISOO).

remains of them agrees in each instance with the form
they should assume. In stating that both species inhabited

the Black Forest contfuiporaneously, it is not meant that

they were actually found in com])any. On the contrary,

it is more probable, as pointed out by Dr. Nehring, that

while the one frequented the low-lying and swampy forests,

the other resorted to the higher and drier woods.

Of later chronicles than Ciesar's, one describing the

wars of Charlemagne in the early part of the ninth century
alludes to the king going to hunt bison or aurochs
{hisonliiiiti eel iironim) in the forests of Aix-la-Chapelle.

The use of the term rcl is a little amVjiguous, but Prof.

Dawkins considers that the passage indicates the occurrence

of l)oth species in the forest, while he is also of opinion

that the animal slain by Charlemagne was undoubtedly an
aurochs. Of special importance is the mention of both

bison and aurochs (urus) in a grace used at the Abbey of

St. Gall about the year 1000. Another importaut state-

ment is to the effect that aurochs and elk were met with
by the First Crusade when crossing Germany at the close

of the eleventh century, special reference being made to

the enormous size of the horns of the former .animals.

Again, in the " Niebelungen-Lied," of the twelfth century,

Tregfried is related to have killed a bison and four aurochs
near Worms.
At the time Professor Dawkins wrote the account, to

which reference has been already made, nothing more was
known concerning the history of aurochs from the evidence

of contemporary writers till the time of Gesner (1622).

A work by the German writer Herberstain, entitled

Moscovia," of which an Italian translation was published

at Venice in 1550, affords, however, the most important
evidence of any as to the survival of the aurochs in Poland
(and probably also in Hungary) during the latter Middle
Ages. In this work appear woodcuts—rude, it is true,

but still characteristic and unmistakable— of two perfectly

distinct types of European wild cattle ; one being the

aurochs, or ur, and the other the bisoii. As Herberstain

had travelled frequently in Poland, it is probable that he

had seen lioth species alive, and the drawings were most
likely executed under his own immediate supervision and
direction. It has beeu suggested that the figure of the

aurochs was taken from a domesticated ox, but Messrs.

Nehring and Schiemenz have shown that this is quite a

mistaken idea. Not the least important feature of the

work of Herberstain is the application of the name
aurochs to the wild ox, as distinct from the bison.

The locality where aurochs survived in Herberstain's time
was the Forest of Jaktozowka, situated about 55 kilometres

west-south-west of Warsaw, iu the provinces of Bolemow
and Sochaczew. From other evidence it appears that the

last aurochs was killed in this forest in the year 1627. It

is important to notice that Herberstain describes the
colour of the aurochs as black, and this is confirmed by
another old picture of the animal. Gesner's figure of the

aurochs, or as he calls it, " thur," given in his " History
of Animals," published in 1622, was probably adapted
from HerliL-rstain's. It may be added that an ancient

gold goblet dejiicts the hunting and taming of the wild

aurochs.*

As a wild animal, then, the aurochs appears to have
ceased to exist in the early part of the seventeenth century

;

but as a species' it is still among us, for there can be no
doubt the majority of the domesticated breeds of European
cattle are its descendants, all diminished in point of size,

and some departing more widely from the original type
than others. Aurochs' calves were in all probability cap-

tured by the prehistoric inhabitants of IBritain and the

* See Keller, Olobuf, Vol. LXXII., Xo. 22 (1807).
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Coutinent uud lamed ; and from these, with perhaps an
occasional blending of wild l)lood, are doubtless descended
most of our European cattle.

Much misconception has, however, prevailed as to which
breeds are the nearest to the ancestral wild stock. For
instance, in IStJt!, Professor Dawkius wiote as follows:—
" The half-wild oxen of Chillini,'ham Park in Northumber-
land, and other places in northei-n and central Britain,
are probablv the last surviving representatives of the
gigantic urus of the Pleistocene period, reduced in size

and modified in everv respect by their small range and
their contact with men."
AVhen this was penned, it is only fair to state, the

fact that the colour of the aurochs was black does not
appear to have been known to the writer ; neither was it

then generally recognized that the park-cattle (wliich are
always white) are semi-albinoes. Such semi-albinism is

always the result of domestication, as is mentioned in
Bell's " British Quadrupeds," and could not have arisen in
the wild state. Moreover, the park-cattle display evidence
of their descent from dark-coloured breeds by the retention
of red or black ears and brown or black muzzles. In the
Chillingham cattle the ears are generally red, although
sometimes (probably as the result of crossing) black, and
the muzzle brown ; while in the breed at Cadzow Park,
Lanarkshire, both ears and muzzle are deep black, and
there are usually flecks of black on the head and fore-
quarters. It is further significant that, in the Chillingham
herd, at any rate, dark-coloured calves, which are weeded
out by the keepers, make their appearance from time to
time.

Now it is a remarkable fact that when the black Pem-
broke breed of domesticated cattle tends to albinism, the
ears and muzzle, and more rarely the fetlocks, remain
completely black or very dark grey, although the colour
elsewhere is whitish, more or less" profusely flecked and
blotched with pale grey. In the shape and" curvature of
the horns, which at first incline outwards aud forwards,
and then bend somewhat upwards and inwards, this breed
of cattle, which is known to be of great antiquity, re-
sembles both the gigantic aurochs aud the (by comparison)
dwarfed park breeds. Moreover, in both the Pembroke
and the park breeds the horns are light-coloured with
black tips.

Important evidence as to the close affinity between these
two breeds is furnished by Low in his " Domesticated
Animals of the British Islands." It is there stated that a
breed of cattle very similar to that at Chillingham was
found in Wales in the tenth century ; these cattle being
white with red ears. " The individuals of this race yet
e.xistiug in Wales are found chiefly in the county 'of
Pembroke, where they have l)een kept" by some individuals
perfectly pure as a part of their regular"farm-stock. Until
a period comparatively recent, they were relatively
numerous, aud persons are yet living who remember wheii
they were driven in droves to the pasturages of the Severn
and the neighbouring markets. Their whole essential
characters are the same as those (of the cattle) at
Chillingham and Charth-y Park and elsewhere. Their
horns are white, tipped with black, and extended aud
turned upwards in the manner distinctive of the wild
breed. The inside of the ears and the muzzle are black,
and their feet are black to the fetlock joint. Their skiu
is unctuous and of a deep-toned yellow colour. Individuals
of the race are sometimes Urii entirely black, aud then
they are not to be distinguished from the common cattle
of the mountains."

It is thus evident that the white park-cattle are a
specialized offshoot from the ancient Pembroke black
breed, which, as Low mentions in a later passage, from

their soft and well-baired skins, are evidently natives of a
humid climate, such as that of the forests in which dwelt
the wild aurochs. This disposes, once and for all, of a
theory recently broached that the park-cattle are
descendants of a white sacrificial breed introduced by the
Romans.
A further inference is that the Pembroke cattle are

themselves the most immediate descendants of the wild
aurochs (which, as we have already seen, was black) now
living in the Hritish Islands, or perhajis indeed anywhere
else. That the park-cattle have in some cases reverted to

a semi-wild state, whereas the Pembrokes are thoroughly
domesticated, has nothing to do with the argument, and
is merely the result of the force of circumstances.

To some persons the red ears of the Chillingham and
some of the old Welsh white cattle may give rise to a

doubt as to the relationship with the aurochs and Pem-
broke breed ; but it should be borne in mind that red is

the primitive coloration' of all wild cattle, and that, for

ought we know to the contrary, the calves, or even the
cows, of the aurochs ma\' have been of this colour, as are

those of the bauting or wild ox of Java, of which the old
bulls are black. The red ears of the Chillingham breed
are therefore, at most, a reversion to the colour of the

ancestors of the aurochs.

From the foregoing statements it is evident that the

aurochs and the Pembroke and park-cattle belong to one
and the same species, aud since the latter do not appear
specifically separable from the domesticated cattle of Scan-
dinavia, which probably formed the type of the Bos taurus

of Linnasus, it is clear that the aurochs has no right to a
distinct species name. Instead of Bos primigenitis, it

should be called Bos taurus irriinitienms.

In conclusion, it uiay Ije mentioned that the article

on Four-horned Sheep which appeared some time ago
in Knowledge resulted in the presentation to the British

Museiuu of some interesting specimens, and the acquisition

of some valuable information with regard to different

breeds in which that abnormality occurs. I may now
take the opportunity of stating that skulls of the various

breeds of domesticated cattle—especially of the Pembroke
and park breeds (other than Chillingham) -are much
wanted for the National Natural Historv collection.

ASTRONOMY WITHOUT A TELESCOPE.

By E. Walter Maunder, f.r.a.s.

XIII.- A MODERN TYCHO.
In the Chapter on the "March of the Planets," I remarked,
" This field of work has been so completely occupied in

modern times by the transit circle and allied instruments

that it is now hojieless for the astronomer without a tele-

scope to dream of olitaining results of any value." Yet
though this is the case, it has happened even in our own day
that circumstances have precluded an astronomer, not

merely from using optical means and modern instruments

of precision, but even from availing himself of the results

which others have secured by their means. This condition

prevails in India where religious sentiment places an

embargo upon the results of western science. The very

essence of Hindu life is the faithful carrying out of a

routine of religious observances, inseparably connected

with the knowledge of the positions of the planets and
stars. For this purpose a full and correct calendar is

needed for the right ordering of every Hindu family. To
Europeans astronomy is the pursuit of the very few, and
the multitude know nothing and care less about the

planetary movements. Such ignorance to the Hindu
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would indicate a blameworthy iudift'erence to tie duties

of religion and to the requirenieuts of society.

But ;i serious difficulty has been growing for many
years. Two hundred years ago Kajah Jey Singh noted

that the calculation of the places of the stars as obtained

from the tables in common use, gave widely different

results from those obtained liv observation ; the times

and magnitudes of the eclijises of the sun and moon, the

tunes of the risings and settings of the planets, and of the

ai)]>earance of the new moon, were all faulty ; the ancient

Siddhantas having been left without revision from the

time of Bhaskara, the author of the Siddhanta-Siromani,

nearly six hundred years before. It was in consequence

of this discrepancy, keenly felt even then, that Kajah Jey

Singh obtained the permission of Mahommed Shah to

erect observatories in order to obtain new data by which
th(! tables should 1)6 corrected. Three of the live obser-

vatories erected by Jey Singh are well known, those of

Jeypt)re. Delhi, and Benares. Of these, the one at Delhi,

established about the year 1710, appears to have been

the first.

The tientur Muntur, or Royal Observatory of Delhi,

though barely two centiu-ies idd, is of a thoroughly

ancient type in its conception, and was intended for naked
eye work alone. Just as at the Koyal Observatory at

Greenwich the transit circle and altazimuth are considered

the two fundamental instruments, so here at Delhi the

chief structures were evidently designed for corresponding

pur])oses.

The first object to catch the eye is the great gnomon,
the vertical section of which is a right-angled triangle,

with an hypotenuse of 118 feet, a base of 104 feet, and a

perpendicular height of hi approximately. The face of

the gnomon therefore is parallel to the axis of the earth,

its angle corresponding to the latitude of Delhi. Up the

middle of the gnomon runs a staircase, and right and left

of the gnomon are great sectors on which its shadow falls;

these also being i)rovided with steps over which the

sliadow^ took four minutes of time, corresponding to one

degree of arc, to pass. A smaller structure near has some
variations in its design, the gnomon being in the centre

and flanked on either side by semicircles sloping down-
wards from it towards the horizon. Further to the south

of these gnomons, the chief use of which must simply have
been to give the solar time, are two large buildings,

which are evidently intended to serve as altazimuths.

The two buildings are exactly alike in design and size, and
they give the appearance from outside of being miniatures

of the Colosseum at Rome. Withiu they are seen to be
perfectly circular enclosures. The wall of each is pierced

by three tiers of windows, thirty in each tier, the breadth
of each window opening being precisely equal to the width
"f the wall between each pair of windows. The difference

between the two buildings is simpl}' a question of position,

the two being so arranged that the windows of one
command precisely those azimuths which are hidden by
the wall of the other. In the centre of each enclosure is

a pillar rising to the height of the enclosing wall, whilst

from the circular wall thitty stone sectors are directed

towards the central pillar, but do not quite reach it. The
building is 17"2\ feet in circumference, or 55 feet in

diameter, and the sectors riinuiiig from the wall towards
the pillar are 21^ feet in length. The wiu'lows, no doubt,
were intended to enable the altitude and azimuth of any
celestial object to be read off at sight, and for nuigli

)iositions no doubt it did fairly well. Still Jey Singh does
not seem to have effected any reformation of the Indian
Calendar, and his observatories, despite their great size,

cannot have been of inm-h value for reallv scientific

wiirk.

The interest of Jey Singh's observatories lies for us in

the fact that they recall a time far in the past when
astronomers sought for exactness by the erection of huge
structures of stone. Of these the Great Pyramid is by far

the greatest and most perfect exam|)le. The north shaft,

pointing to Alpha Draconis, the pole star of the period, the
grand gallery which may very well, as Proctor suggests,

have been used as a vast transit chamber, give evidence of

Jill' Giiiiur Aiuiiiu]-. ..!• i;o\al ul.M-rratory of Delhi.

its astronomical purpose, whilst the care with which the

exterior of the Pyramid has been oriented, would fix most

delicately the dates of recurrence of the spring and

autumnal equinoxes. This would be seeu from the circum-

stance that on one day in spring the north face of the

Pyramid would be in shadow at sunrise, and the next day

the south face, whilst the reverse effect would be noted in

the autumn. The exact days of the eqiunoxes would not

indeed be thus pointed out, but the return of the year to

the same point would be marked with great prevision.

Britain has its own monument—Stoneheuge—which has

been claimed as, if not indeed an astronomical observatory,

at least an astronomical temple, and many attempts have

been made to determine the date at which it was erected.

The difficulty, not to say the imjjossibility, of solving this

problem in the present state of the monument may be

inferred from the fact that the dates which different

careful observers have deduced for its erection extend over

a j)eriod of more than 2000 years.

The real work of astronomy, even in the pre-telescopic

age, was never done in edifices like these. Nor, indeed, does

it require much knowledge of human nature, essentially

the same 5000 years ago as to-day, to see that the true

secret of the Pyramid, the amply suflBcieut cause for its

Iniildiug. was the vanity of the ruling Pharaoh. We get

a graphic hint of this in the narrative in Genesis of the

founding of a yet earlier observatory, for so no doubt it

was. "They said, go to, let us build us a city and a tower,

whose top may reach unto heaven, and let us make us a

name." Alike' at Delhi, at Ghizeh, and on Salisbury

Plain, as by the Euphrates, to "make a name" was,

beyond doubt, the exciting motive. Astronomers may
have been employed to superuitend the work, astronomy,

or the cult of the celestial bodies, may have been the

excuse. Init the real oliject was advertisement.

But the work which the pretentious buildings of the

Rajah of Amber failed to accomplish has been done quite

recently bv very humble means, and by a recluse in an

obscure village 'in the hills of Orissa.* Chandrasekhara

Simha Samanta is a near relative of the Raja of

• S,e Knowlkdoe, \'()1. X.'CII., p. :;o7. Siddliiinta-Darpana.
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Kliiiiuliijwra, oiii' of tlic tribiitarv cliiffs of Orissa At
tlif early age of ten, liaviug bei'ii taiiglit a little astrology

l)y ime of his uucles, lie bceamo most anxious to measure
on liis own account the jiosilious of the stars in their

nightly uiovemeuts, ami by the time that lie was fifteen

years of age and had learned to ealmilate the ephemerides
of the planets and of the risings and settings of stars, he

was deeply disapjioiuted to find liow great was the

discordance between his calculations and wiial he actually

obsen-ed. It was no wonder that he found discordances
;

uo two of the current Hindu almanacs agree in their

predictions, and one of the most widely circulated of the

Bengali almanacs may be as much as 4° out in the

longitude of a planet.

In this difficulty Chandrasekhara had to work out his

problem unaided. He had to make his iustrumeuts for

himself, to some extent he had to devise them. The one
of wliich he was fondest is a tangent staff consisting of a
thin rod of wood twenty-four digits long, at the eud of

which is fixed another rod at right angles in the form of T.

The cross i>iece is notched and also pierced with hol.s

equal to the tangents of the angles formed at the free

extremity of the other rod.

I'or many years he has been carefidly revising the

Siddhantas in order to bring them into conformity with
his observations made at the present period, and he has
been able to obtain a most astonishing degree of accuracy
in his results. Thus, the sidereal period for Mercury is

only 00007 days different from that adopted by Eurojieau
astronomers ; for Venus it is only 0'0028 days. The
mean inclinations of the orbits of the planets to the

ecliptic are correct to about a minute of arc. The errors

of the ephemerides com]>uted from liis uew^ constants are

reduced to about t>ne-tenth of those in some of the most
widely circulated Hindu almanacs. In his discussion of

the moon's motion, he made the discovery—independent
and original on his part—of the lunar evection, variation

and annual equation, which found no place in the earlier

Siddhantas. In much of his work he had the advantage
of compai'ing his observations with those of Bhaskara,
made more than seven hundred years earlier ; not indeed
that the latter had recorded his actual observations, but
it was possible to ascertain what they must have been from
the planetary elements which he had deduced from them.
Nevertheless, to have obtained such imjiortant results and
so high a degree of accuracy, by uaked-eye observations

and with entirely home-made instruments, and in the
utter absence of modern book learning, is a striking

illustration of what resolution can effect.

Cliandrasekhara has been compared to Tycho Brahe, and
the comparison is in many ways a just one, though the

recluse of Orissa lacked many of the advantages possessed
by the noble Dane. As to the accuracy of Tycho's work,
it will be remembered that Kepler was led to the first of

his thi-ee great laws by finding that his theory of the
circular motion of the [ilanets was irreconcileable with an
observation of Mars by Tycho by eight minutes of arc—
but one-fourth of the moon's diameter— Kepler concluding
that it was impossible tliat so good an observer could be
in error to this extent, abandoned his hypothesis and tried

that of motion in an ellipse.

In the recluse of the Orissa village, we seem to see

reincarnated, as it were, one of the early fathers of the

science, long centuries ere the telescope was dreamed of, as

he grappled with the problems which the jjlanetary move-
ments offered to him for solution. More than that, he
affords an example of the achievements within the reach

of the naked-eye astronomers, and a telling illustration of

the i>recision which patience and jiractice can give to hand

and eye. And these are always needed. For be the

telescope ever so good and powerful, still that which is by
far the most important is the man at the eye-end.

CLOUDS.
By Commander 1>. Wilson Bakker, k.n.k., k.k.s.e,

F.R. MET.SOC. etc.

Those who are professionally engaged in the scientific

work of weather bureaux recognise the im]>ortauce of

accurate observations of cloud forms and nature, and
much good work has been done in this connection in

recent years by scientific observers in England, Australia,

and the United States ; but, as a popular study, Nephology
IS almost entirely overlooked, and this notwithstanding

the fact that, perhaps, no branch of knowledge offers

greater facility and ease of acquisition. Each cloud has
its history fraught with meaning; its open secret is writ

on its face, and may be read by anyone who will give

himself a little trouble, nor need he go deeply into the

study in order to make observations interesting to himself,

and perhaps of great use in the furthering and perfecting

of weather lore. To the ancients, the sky was doubtless an
object of constant remark and interest, and possibly their

intuitive knowledge of weather forecasting was much more
accurate than ours. The dwellers in our modern cities see

little of the sky, clouds have no interest for them beyond
the personal consideration as to the advisability of taking

out an umbrella or not. But farmers, fishermen, sailors

and others following open-air avocations arc dependent on
the weather, and to be wise in its forecast is of importance

to them. To these, especially, cloud study should appeal

;

it cannot fail to be profitable to them in their personal

work, and they have all the opportunity, if the will be

there, to forward the general knowledge of the subject by
careful ])ainstaking oliservations, which they may transmit

to those scieutificallv engaged in dealing with weather

Fig. l.-SU

laws, and thus assist in the elucidation of questions on
which we are at present but very imperfectly informed.

In this article the broad distinctions of clouds will be
dealt with. There are two well-defined types—Stratus
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and Cumulus-so distinct in actual appearance and in

i.l.vsical formation that thev may be taken as the basis of

rlissiti.atien. Sometimes b.>th types appear to merge into

each other, in xvhieh ease no variety of cUissification sufcees

to describe them satisfactorily, as anyone who has studied

doud-forms must allow. -'Stratus" is a sheel-like for-

mation of cloud. •Cumulus" is recognizable by its

heaped-up api.earance and vertical thickness. Numerous

varieties of cloud-forms may be observed graduating from

one of these types tr. the other, but when an observer can

chanwe, the gradation of Stratus into Cumulus foreboding

worse weather, and of Cumulus into Stratus heralding good.

Again, as we shall show later on, the vertical thickening of

the stratiform clouds is a distinctly bad indication.

Up to quite rcc'Mitlv, Luke Howard's division of clouds,

formulated in 1802, held first place ;
even now it is in

constant use, for though attempts have been made at a

more scientific classification, all of them, with the single

exception of that proposed by the late Rev. Clement Ley,

can onlv be termed make-shifts. Mr. Ley's classification

uufdrtiiuately is long, and not well adapted to the use of

anv but i.rofJssional investigators, or enthusiasts with ample

time on their hands. There exists a so-called "inter-

national " system of cloud nomenclature, but, for all that,

each country has its own especial system, with the result

that vast collections of cloud statistics are of little value

as helps to a classification, and are useful only as records

of clouds present at certain times.

Clouds owe their existence to two causes

:

1. Through the passing of warm moist air into colder,

when, owing to condensation, a certain proportion of the

moisture becomes visible in the form of a cloud.

2. Through changes occurring in the atmosphere as it

rises into higher regions of atmosphere, where decrease in

pressure and expansion and consequent loss of heat take

place and cause condensation of moisture.

The first process may be described as the condensation

formation of clouds, and the second as the adiabatic

formation of clouds. As a matter of fact, no hard and

fast line separates these two operations; they act in

unison, and the combination of vertical and horizontal

currents go to make up the diversity of forms which clouds

assume.
In settled states of the atmosphere. Stratus clouds are

common, or the sky may be perfectly clear. In unsettled

conditions. Cumulus or Heap clouds are formed.

We shall now describe a few familiar forms of cloud,

F:g. :).— Cuiuulu?.
251 (a)

dearly distinguish Stratus from Cumulus he has already

acquired valuable knowledge.
The presence of either type of cloud alone indicates a

more or less set condition of the atmosphere, and generally

foretells a continuance of the existing weather. The

simultaneous presence of both types indicates a coming

giving them simple names and endeavouring to compare

Them with other nomenclatures. „ , ^ , • •

Of Cumulus clouds there are five well-defined varieties

as follows :

—

/ . 1

(1) Fine weather variety ... ... Lumulus

Clement Ley ... "
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Intoiuational Cloud Atlas ... C'liniuliis

Meteorological Oflico Book
U. S. Hvdrograpliic Atlas ... „

(2) Rain Cumulus, of which thort? are two sul)-

varietics :

—

(d) Shower-cumulus (Fig. 1), when rain falls from
the cloud without increment of wind. The edges

of this cloud are not cirrus-topped.

(h) Squall-cunuilus. when the rain is accompanied hy

wind (Fig. 2 and Plate I.), or by wind with hail

and snow falling from this cloud.

Clement Ley ... Cumulo-Nimbus
I. C. A. ..."

M. O. B
U. S. H. 0. A. ...

In these cases the Cumulus cloud is generally

much serrated, having a cirriform edging. In

some cases this cirriform edging extends far over

the sky and forms halos, particularly at the

rear.

Two rarer varieties of Cumulus are :

—

PiUar-cumiihis (Plate II.) generally noticed over the

calm belts of the ocean, and distinguishable by its slender

forms, which rise to great altitudes.

Fio. 4. — Cumulus
1 (!)

SO blown along by the wind as to assume the roll forma-
tion from which it is named.

Clement Lev
LC. A. ...'

M. B Roll-cumulus
U. S. H. 0. A Strato-cumulus

RoU-cumuhis generally accom])anies strong winds, par-
ticularly polar west winds, which succeed cyclonic

disturbances. Here we have the ordinary Cumulus cloud

A still rarer form of Cumulus ajDpears in scattered

patches over the sky, and is indicative of an electrical state

of the atmosphere.

Cumulus clouds form at a low altitude, but they fre-

quently tower upwards to great heights.

It should be noticed that in these clouds the fine

weather form is of soft smooth outline, and has a quiet

appearance. In Fig. 1 (a form which indicates rain) there

is a harder and more solid appearance, which is still more
accentuated in the Squall-cumulus form of cloud.

Figs. 3 and 4 show i-espectively a horizontal and vertical

view of a Cumulus which, later in the day, developed
showers.

Stratus Clouds may be divided into four varieties as

follows :

—

(1) Fog (Fig. 5), so well known as not to need
description. It is, in fact, a Stratus cloud resting on the

earth's surface.

Clement Ley ... ... ... Nebula
I. C. A
M. 6. B. '.'.".

'.'.'.

... ... Fot;

U. S. H. O. A
'^

(2.) Stratus (Fig. 6), a cloud sheet which covers the
whole sky at a moderate elevation. Here and there the

cloud is thin, and under surfaces appear as parallel lines

all round the horizon. This is the characteristic cloud of

anti-cyclonic, or dry fine weather conditions. It may con-

tinue to cover the sky for several days in succession.

Stratus Quietus
Strato-cumulus
Stratus

Stratus

all the varying forms of

Clement Ley
LC. A
M. O. B
U. S. H. 0. A. ...

(3) HiyJi Stratus, including

Cirro-cumulus from the mackerel skies (Fig. 7) to the

Cirro-macula (Fig. 8) of Clement Ley. Many beautiful

varieties of this cloud of minute cumuliform appearance are

caused by the changes taking place in the atmosphere. We
notice waves, wavelets, stipplings, and flecks. To it are

due the corouae sometimes seen round the svm, as also

iridescent clouds occasionally noticed in the same vicinity.

The wave-like appearance of the clouds is due to the
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}>a86age of a more rapidly-moving air current over a slower

one, or of a wave curreut crossint; a luotiouless portion of

the air. When two air currents pass over one another at

an angle, the particles of clouds tend to fall into different

.shapes, hence our mackerel skies. But this cloud (Fig. 7

and Fig. 9), although beautiful, is essentially one of

warning,* uioi-e especially when the llet^'ks are of a thin,

scaly api>earance (resembling the scales of certain fishes

so closely that I have called it the scale cloud). Some-
times these detached flecks aj^pear in lines, and very

striking is the effect produced.
Fig. 7 and Fig. ;»,—C. L. .. .. Stratus Maculosus.

I. C. A. ... Alto-cumulus.
M. 0. B. ... Cirro-cumulus.
TJ. S. H. O. A. Alto-cumulus.

Fig. 8.-^C. L Cirro-macula.

,, I. C. A. . . Cirro-cumulus.
M. 0. B.

U. S. H. 0. A.

Fig. 6.— Stratus.

(4) Cirrus.—The highest form of cloud and the most
important as a factor in the science of weather forecasting.

Cirrus, ordinarily, appears as wisi)S and feather pieces

scattered over the sky, and its significance is then of

no import (Fig. 10).

Fig. lU—Clement Lev Cirrus.

I.e. A. "
,

M. O. B
U. S. H. 0. A

When, however, this cloud takes the form of linos

parallel to the horizon, or of lines appearing to radiate as

wheel-spokes (Plate lU.) from any one part of the horizon,
it should be carefully noted as indicative of approaching
weather. Its movement and propagating transition should
be observed This cloud is composed of ice-dust or crvstals.

Plate III.—Clement Ley ... Cirro-filum.

Fig. 11.—Clement Lev ... Cirro-velum.

LC. A. "

., M. 0. B. .. ... Cirro-stratus.

U. S. H.O. A.
^^'^len a cyclonic disturbance is about to pass over an

observer. Cirrus generally appears first in parallel lines, or
at a radiant (V) point (Plate III.) ; the threads gradually
increase and interlace until a complete sheet of Cirro-

• Fig. 9 preceded a heavy gale by about twelve hours.

stratus covers the sky, causing a halo (Fig. 11). The
cloud further thickens, the halo disappears, all becomes
overcast, and rain comes on. The cloud is now known
as Nimbus, and after it has endured some time, the wind

Fig. 7.—Mackerel Sky.

shifts, the Nimbus clears off, and it is succeeded by a
Polar west wind, and the form of cloud shown in Fig. 2.

In addition to these forms of clouds, we may often

Fig. 8.—High Stratus, Mackerel Sky.

notice, particularly duiing high winds, fragments
hurrying across the sky. These are known as

of clouds
" scud" :
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they are gi.'ueralh- jiieces carried off by the winds from
the maiu bodies of clouds.

Occasionally two forms of cloud are present at the same
time. This is ordinarily taken as a case of Cumulus and
Stratus, and has become known as Cumulo-stratus ; but,

if observed in the zenith, it may readily be noted that the

two forms of cloud are distinct, and they had bettor be

dealt with separately. The appearance of Cumulo-stratus
is an effect of persjiectivc. (Pig. l~ and Plate IV,)

Clouds float at varying altitudes, according to the lati-

tude and elevation of the ground; the vertical temperature

and adiabatic gradients determining the level at which the

vapour becomes visible as cloud. It is desirable in all

cloud observations, that note should be made of the ap-

proximate relative altitudes of clouds and of their velocity

of motion. This is particularly desirable when dealing

with the stratiform clouds, whether as ordinary Cirro-

cumulus or as very high Cirro-macula.

The rate at which they move may be noted from the

following table :

—

0.—No perceptible motion.
1.— Just moving.
2.—Moving at moderate speed.

3.—Moving quickly.

The beautiful colouring of clouds results from the

breaking up of light beams in passing through them or

along their edges. This phenomenon is caused by diffrac-

tion, and to it is due our lovely sunrises and sunsets.

When the sun is high in the heavens, the light is white,

but as the orb nears the horizon, and its rays pass through

Fio. 9.—Higli Stratus, Mackerel Sky.

thicker layers of atmosphere, the smaller light waves get

gradually cut off, until the sun sinks as a red ball below

the horizon. The largest waves of light produce the red

rays and the after glow which are so beautiful. Sunrise

and sunset effects are matters of much interest, but are of

too complicated a nature to be fully gone into here ; we must,

however, notice them briefly, because of their importance in

weather forecasts. Soft sunset colours indicate tine settled

wcathei' ; fiery brilliant hues denote change to stormy or

wet weather.

Other colour effects in clouds are due to phenomena,
known as halos and corona;. Halos appear as rings round
the sun and moon ; they are caused by the shining of the
orb through very high Stratus or Cirrus clouds, and have
a diameter of 42" (Fig. 11). Sometimes shades of colour.

Fig. 10.—Cirrus.

resembling those of a rainbow, are visible—red appears

on the inside and blue ou the outside. These rings of

colour are due to the reflection and refraction of light

passing through the fine ice crystals of which high Stratus

or Cirrus clouds are composed. Occasionally a compli-

cated series of beautifully coloured rings is noticeable,

producing the effect represented iu the accompanying

picture (Fig. 13). Generally speaking, these rings are

due to the thinness of the high cloud through which

the light is passing. Still more curious arrangements of

halos sometimes occur.

Corouse are broader rings seen quite close to the sun or

moon, and are due to the shining of light through the

edges of loose Cumulus or Stratus clouds. They have red

on the outside and blue ou the inside of the ring ;
the

colours are, generally, easily distinguishable. The more
brilliant hues occasionally seen, as has been said, in the

vicinity of the sun and moon, would appear to be incom-

plete sections of circles intermediate in size between

Fig. 11.—Halo.

coroufE and halos. An interested observer will be well

repaid if he chooses to study more closely the many
curious ojitical phenomena connected with clouds, but it
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would be beyond the scoih' and object of this notice to go

into them more fully here.

Whoever wishes to be weather wise, and who has time

to study the weather charts published daily, may easily

acquire such knowledge of local characteristics as will

enable him to forecast fairly accurately. Cirrus clouds,

as a rule— at any rate in England—are reliable guides;

thcv form, as we have said, in parallel threads, from tht'

Fig. 12.—High Stratus and Cumuhis.

])osition and movements of which forecasts may be made
Should the threads ajipear on, and parallel to, the west

horizon, and moving from a northerly point, a depression

is approaching from the west, but, although causing some
bad weather, it will probably pass to the north of the

observer. Should the lines appear parallel to the south-

west or south- south-west horizon, and be moving from a

uorth-westerly point, the depression will very likely pass

Fio. 13. Abliendcn. ,';iisse.\.

E.'CPLANATIOX.
S.—Sun shining through Cirrus haze.

H.— Horizon.
A.—Inner and briglit halo, showing colours, red inside.

B.—Faint large halo, white.

C.— Brilliant portion of lialo, showing colours distinctly, red outside.
D.— Small halo, showing faint colom-s.

E, E'.—Mock Suns.
EX, E' X'.—Rajs from mock suns, white, brighter from East

one than from W. one.
It lasted like this for about half an-hour.

o^•er the observer and occasion very bad weather. These
are two of many possible prognostics. Weather forecasting
is much helped by a study of the daily weather charts.
.\gain, weather is often very local, and to predict with
fair accuracy a knowledge of local conditions is necessary.

It is hoped that enough has been said in this article

to attract more than a passing attention to clouds. If an

observer be a photograjiher as well, he will find open to

him in Cloudlaud a fascinating field for study and a

limitless variety of subject for his art.

Hcttcrs.

[The Editors do not hold themselvei responsible for the opinious

or statements of correspondents]

F.VHRENHEIT'S THERMOMETER.
TO THE EDITORS OF KNOWLEDGE.

Sirs,—I note on page 29 of your journal for February
an article on the history of Fahreiilieit's thermometer.
Those desiring fuller infoimation can find it, either in the

elaborate article by Renou, in the Aiinudin; of the

Meteorological Society of France, or in the fii'st chapter

of my Treatise on Meteorological Apparatus and Methods,
Washington, 1887. There is every evidence that the

Fahrenheit scale began with his use of plus 90 as the

upper limit of the temperature of the human body, and
minus 90 for the lowest temperature of the air in Europe,
and also the temperature obtained by the mixture of salt

and ice. Subsequently, he also used a secoud scale in

which plus 12 and minus 12 replaced the plus 90 and
minus 90. In 171-i, he adopted a third scale, viz., plus

24 for the temperature of the body and zero for the lowest

temperature at Dantzic in 1709. His fourth scale was
plus 9G for the temperature of the human body and zero

for the great cold of 1709. This scale gave him 32 as the

tcmjJfrature of melting ice, but that natural point was not

directly adopted by him. With this first satisfactory mer-
curial thermometer (made in 1721, and whose scale was
graduated according to this last system but extended
much further upward, by extrapolation) he found that

the boiling point of water was constant, or nearly so,

at 212 cleg. The fact that Newton's "arithmetic scale"

read 33 or 34 for boiling water, had no influence with

Fahrenheit in the formation of his scale. The arbitrary

points assumed by Newton were 12 for the temperature of

the human body and zero for the temperature of freezing

water. I do not find that he measiu'ed the temperature of

boiling water, and 1 am vei-y sure that the account of the

evolution of the Fahrenheit thermometer, as given by your
correspondent, needs to be corrected in several particulars.

1 am not aware of any evidence tliat Fahrenheit obtained

any of his ideas from Newton's work, and I am sure that

those interested in the histoiy of philosophical apparatus
will be glad to obtain additional light on the subject.

Clevel.\.nd Abbe.
U. S. Department of Agricidture,

Weather Bureau, Washington, D.C.,

March 2(3th, 1902.

THE VISIBILITY OF THE CRESCENT OF VENUS.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—In the last number of Knowledge Mr. Maunder
raises the question as to the visibility of the crescent of

Venus with the naked eye, as well as of the satellites of

Jupiter under similar circumstances.

My own eyesight is not nearly good enough for either

one or the other, but I find that the late Mr. Webb, in his
" Celestial Objects," p. .53, states that Theodore Parker
saw the crescent with the naked eye in America, and that,

seemiiujlij, another observer saw it in Chile. He also gives
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SGveriil iustances ou p. 175 of the visibility of Jupiter's

Siitellitos with the nuked eve.

I should like to know if Mr. Maunder concurs with Mr.
AVobb or uot.

I can just make out Venus' crescent mjself witli a

binocular of Browninii's; diameter of object glass, 1* incii,

focal length. 8 to inches.

Apropos of Mr. C. Jackson's note on p. 81, I recollect

that in July, 1873, being then at St. Leonards on a visit,

and having, of course, a good horizon, 1 just managed to

see the dark spaces between the rings and body of Saturn,

with a small pocket glass by E<.>ss ; object glass 1| to 1|
inches, and 2'>ower of about 29, a very similar glass to that

referred to on p. 2, Vol. I. of Webb.

Pawston, Cornhill-on-Tweed, B. P. Selbt.
April 15th, 1902.

[I fear that I cannot add anything to what 1 have

already written as to the crescent of Venus being visible

to the naked eye, viz., that I think it " outside the limit of

possibility." If it has ever been achieved, then certainly

the observer must have been possessed of most exceptional

powers of sight. The case of Theodore Parker, quoted by
the Eev. T. W. Webb, inay be a real one, as children

sometimes show an acuteness of vision which is not

retained in mature life : but I should personally feel no
confidence in any statement of the kind that I had not
been able to subject to a rigorous testing. I have
rejieatedh' tried to make the observation myself at a time
when my eyesight was distinctly above the average in

quality. Thus I could at one time couut eleven stars in

the Pleiades, I have distinctly identified both Uranus and
Vesta when in opposition and high in declination, I could

clearly separate Ej and b^ Lyrse, and I have veiy often seen

Venus at mid-day. But I never could make the slightest

approach to defining the crescent of Venus, and the optical

assistance necessary to do it has always been considerable.

The increase of power which is given by such a binocular

as Mr. Selby used is very marked indeed, and I am
sceptical as to anyone possessing sight in advance of his

fellows to an extent comi^arable with it. I may have done
the American Stoddart an injustice, but I always
regarded his claim to have seen the crescent of Venus and
to have elongated Saturn with the naked eye as " requiring

confirmation."

The case of the satellites of Jupiter is quite diii'erent.

I see no reason why III. should not be seen at elongation

when the planet is high ; nor IV. either, though its

comparative faiutness will render it a severer test of good
sight. Under very exceptional circumstances, II. may be

elongated almost four minutes of arc and might then be

detected under favourable conditions of weather and
altitude of the planet. But I should like to receive very

full confirmation of any alleged observation of I. There is

no reason to call in question observations where two of the

satellites have been close together and have been seen as

one, if the distance from their primary was considerable

at the time.

I shall feel much gratified if my paper induces many
observers to seriously take up the question of these obser-

vations, which are so nearly on the limit of visibility, and
which form such searching tests of goodness of sight.

—

E. Waltek Maundee.]

TO THE EDITORS OF KNOWLEDGE.

Sirs,—During the recent easterly elongation of Venus,

I was one evening watching the planet through Mr.

Fowler's " Telescopic Astronomy " telescope. A friend,

ignorant of astronomy, and of the fact that astronomical

(elenropes give inverted imagee, called, and was shown
Venus through the instrument. To find out if he really

was seeing what he was supposed to see, I asked him the

shaj)e of the j)lanet—did it seem round ? He answered:
" No, it is crescent-shaped as it was last night, but the

crescent is turned the other way." He had, it turned out,

been watching Venus the night before with the naked eye.

The incident convinced me that Venus can be seen as a

crescent by the naked eye of at least one man, and is,

perhaps, worth repeating in view of Mr. Maunder's
remarks on page 79 of the April number.

Schoolhouse, James Eodger.
Eattray, Blairgowrie,

3rd April, 1902.

93v(ttstj C^vnitljologtcal Xotts.

Conducted by W. P. Pyceaft, a.l.s., f.z.s., m.b.o.u.

Spoonbills in Norfolk.—Mr. ,J. H. Gurney, in the
Zoologist for March, gives an exceedingly interesting

account of a small flock of Spoonbills which frequented

Breydon Water, Great Yarmouth, from early April to the

end of July, 1901. Thanks to the efforts of the Breydon
Wild Birds Pi'otection Society, none of these appear to

have fallen victims to the crowd of gunners who haunted
the spot in the hope of securing specimens. It is to be

hoped that, in the near future, these birds may be induced

once again to nest in their old haunts—the heronry of

Eeedham, close by. Unless, however, the society receives

more liberal support from those interested in the restoration

of this and other some-time resident species, the society,

we note with regret, will be unable to continue its good
work ; in which case all hope of restoring the Spoonbill

to its ancient stronghold must be abandoned.

We have to record, with regret, that a nearly adult female

Spoonbill was purchased at Harrod's Stores, London,
during Holy Week of the present year (1902), by one of

the taxidermists of the Natural History Museum, Crom-
well Eoad. The bird was in good condition, and perfectly

fresh. Careful inquiries show that the bird came from

Leadenhall Market, and was said to have come up with a

consignment of birds from Great Yarmouth.

PoLLiNATiox BY BiEDS.—Au exti'cmely interesting

exhibition of photographs was "given at the meeting of the

Linuean Society on March 6th. illustrating certain New
Zealand plants which depend for fertilization upon certain

species of birds. The New Zealand bell-bird (Anthornis

melanura) is one of these fertilizers; performing this

office for the native fuchsias and the native flax. In the

course of its visitations the bird's head becomes thickly

covered with pollen, so that, at different times of the year,

according which of these two plants is in flower, the bell-

bird may be obtained either with a liright IjIuc or a red

forehead; these colours being due to the pollen. Some
years ago this led to a curious mistake,Von Pelzen describing

one of the red-headed birds as a new species

—

Anthornis

rnficeps. Athough at the time many doubted the validity

of" this, it was not till 1870 that the supposed new species

was abandoned, proof having been given of the artificial

nature of the red coloration.

Birds and the Production of Pearls. —At the

meeting of the Zoological Society held ou March 4th, Dr.

Lvster Jameson read a paper on the "Origin of Pearls in

the Common Mussel (Mytihis cdulis)." He showed that

the ])earls commonly found in these molluscs were due to

the presence of a parasitic Distomid larva, which, pene-

tratiu"- the mantle of the mussel, became encysted. On tlie
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death of the parasite withiu tho sac, the reniams became

calcified, .lud arnuud this nucleus the pearl was formed by

tlie secretiou of tlie epitlielimn liiiiufj the sae. The interest

i>{ this i>aper. to ornithologists, lay in the fact that the

adidt stage of the parasite v^as i)assed in the intestine of

the Eider Duck or the Common Scoter, both of which feed

largely on mussels.

Loiigeoitii of the Eagle Oir/.—Mr. J. II. Gurney, in the Zoolor/isl

for March, records the death of one of his Eagle Owls on February

1st. It was Believed to be between thirty and forty roars of age. In

tlio fame communication he poinis out the fact that Mr. Meade
Waldo has iu his possession two birds of this species, one—a male —
which is seventy-one, and one—a female—which is fifty-sii years of

age, and the parent of ninety young ones.

Earli/ Arrival of the Swalloii) and Sand-Martin—Ihe Field,

March 20th, records the arrival of the Swallow at Exeter on March
20tb, and of the Sand-Martin simultaneously at Batli and Exeter on

tlie same date (March 2titli) ; and remarks that this is at least a week

earlier than usual.

All co)it)ibutions to the colwiin, either in the nay of notes

or photnijrai'hs, should be furuarded to W. P. Pycraft, at the

Xatitnil historii Museum, Cromuell Road, London, S.H'.

Astronomical.— Dr. See has recently made an extensive

series of measurements of planets and satellites with the

aid of the great Washington refractor of 26 inches

aperture, giving special attention to the effects of

irradiation in increasing their apparent sizes. The
following are among the results obtained :—

-
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it bus boeu proposed by Dr. Nitshe to j)laco tlio liollow-

liorned ruminants (inclusive of the i)rongbuck) and the

giraflVs in one group, and the deer in another. Tliis

arrangement lias the disadvantage of separating the deer

from the giraffes, to whii'h tiiey are evidently nearly

related ; and Dr. Gadow has therefore done good work in

bringing them more into line. Whether, however, he is

right in regarding the hollow-horned ruminants as derived

from the )>rimitive deer may, however, lie a matter of

opinion. One very important fact— ajtparently unknown
to naturalists, whatever may be the case with breeders

—

recorded by Dr. Gadow, is that calves and lambs shed

their horns at an early age. The Bovidiv are thus brought

into nearer relationshi]) with the American prongbuck
(the (mly living ruminant which sheds its horn-sheath in

the adult condition) than has hitherto been supposed to be

the case. It is a pity that the editor of the abstract of the

paper did not amend such a very German term as " horn-

shoe" into "horn-sheath"; and he might also have
pointed out to the author that Uintaiherluw, and not

Dinoceras, is the proper title for an American group of

horned ungulates.

An exceedingly interesting and suggestive paper by
Captain Barrett-Hamiltou written while on active service in

South Africa, appears in the February number of the Atinah
and Magazine of Natural Hidory. It describes certain inves-

tigations into the life-history of the salmou, and their

bearing on nuptial and sexual ornamentation in the

animal kingdom generally. Briefly stated, the author's

views appear to be that at the breeding season both sexes

of the salmon develop in their tissues a large quantity of

proteids and fats. By the female these are used up in the

formation of the ova. The male, however, has no need of

such a large amount of these substances, and consequently

they are worked up in the development of colour, abnor-

mal growth of the lower jaw, etc. On the same principle

the author accounts for the develojjmeut of a gorgeous
nuptial (or permanent) plumage in the males of many
birds, and the development of brilliant patches of colour

in certain male apes like the mandrill. The theory also serves

to explain the assumption of male characters by old or

barren females of many birds. Whether or no we accept

the avithor's views, wholly or in part, the paper contains

much valuable information with regard to the life-bistory

of the salmon.

The fact that the lancelet (Branchiosfoma) has kidneys
apparently indistinguishable in structure from the
so-called nephridea of the polychcetous worms lias

been recently demonstrated by Mr. Goodrich, of Oxford,

the results of whose investigations are recorded in the

March number of the Quarterly Journal of Microscopical

Science. If, as is probably the case, the two organs are

homologous, the discovery has an important bearing on
the phylogeny of the vertebrata.

According to a paper communicated by Miss Donald to

the Geological Society, the Palseozoic univalve shells

commonly described as Mwrchisonia belong to two distinct

types, the one having a slit and the other a sinus in the

lip. Whether those with a slit are in any wise related to

the shorter-spired and still living genus Fleurotomaria,
the author was unable to decide.

The April number of the Proceedingg of the Zoological

Society contains an announcement that a pair of girafies

have been jn-omised to the menagerie by Colonel Slahon,
Governor of Kordofan. It is hoped that they may arrive

in London during the spring. The same number nlso

contains Mr. Thomas's description of the " iive-horned "

giraffe skins and skulls sent home from JMt, Elgon by Sir

Harry Johnston.

j^otCcee of ISooits.

" r>KiTi.-;il TvKoiM.vi'llin i;.'' J5y Albert I). .Midiael, F.L.S.,

I.Z.S., r.R..M..s., etc. Vohime I. (London : Printed for the Ray
Society.)—This latest volume of the Ray Society's famous series

of monographs is a detailed description of the habits, structure,

life-history and zoological position of a group of animals which
is very little known. The most familiar representatives of the
'/'!/rii{jli/j)lii<l(i' are the ordinary checsemites ; but the family also

includes some eleven other genera which swarm in countless
myriads in flour, hay, wooden furniture and dead vegetable
matter generally. Duly a few of them reach ^'..tb of an inch in

length, and many are considerably smaller. The little creatures
here described are in many respects of very simple structure,

for they possess no definite organs of respiration, circulation,

sight, hearing or smell. They have, however, a marvellously
delicate sense of touch. They are of comparatively active

habits and are in no sense parasites. One of the most interesting
parts of the book is that dealing with development. The
Tiirogtyphidir pass through four well-marked stages : the egg,

the six-legged larva, the eight-legged nym])h and the adult. In
the nymphal stage some genera assume a curious heteromorphous
form known as Ilypupus. The hypopi attach themselves to

insects and other animals, and thus secure a very wide distribu-

tion. Even to those who are familiar with the refinements of
modern biological methods this volume will a|)pear a notable

record of an amazing amount of technical skill and patient

research. It is well illustrated by nineteen full-page plates.

" The Sacred Beetle : A Popdi-ah Treatise on Eoyptian
Scarabs in Art and History." By John Ward, f.s.a. (John
Murray.) 10s. Od. net. It is well known that the beetjes, now
called Sniriihieux by entomologists, were regarded as sacred

animals by the ancient Egyptians. It has been suggested that

the habits of these insects in rolling about their balls of dung
were considered as typical of the revolution of the heavenly
bodies, while the re-appearance of the beetles after a sojourn
underground may well have symbolised the resurrection of the
dead which formed so important an article of the old Egyptian
faith. The scarabs described and figured in a beautiful series

of plates by Mr. Ward were representations of the sacred beetle

usually cut out of steatite and bearing inscriptions on the lower
Hat face. Kings and great men had their peculiar scarabs, and
these became the records of royal edicts, marriages or hunting
expeditions. The oldest scarab figured is one of Neb-ka-ra, the

First King of the Third Dynasty (probably B.c 4-212). The
use of scarabs died out after the Persian Period (about 500 B.C.).

j\[r. Ward draws attention to the likeness between the old

Egyptian " Kheper " whose hieroglyph was a scarabaeus,

and the modern (ierman " Kafer,'' our own Chafer, which is

commonly applied to such insects of the sacred beetle's family

as inhabit our islands, hardly, as Mr. Ward seems to think,

to the sacred beetle itself. Probably the earliest of these

''scarabs" were the oldest representations of insects made by
man. At any rate, Mr. Ward's book cannot fail to interest the

zoologist, the historian, and the theologian.

" A Text Book of Geology." By Albert Perry Brigham,
A.M., f.g.s.a., Professor of Geology in Colgate University. Pp
X. and 478. (London : Hirschfeld Bros., Ltd. 1SI02.) "This is

an elementary text-book for American schools ; and we may
conclude, from the absence of the printer's name, that it has been
imported ready printed in sheets into this country. Except for

the interesting references to American exam])les and deposits, it

would not find sufficient place in England besiiie the equally

compact class-books of Geikie, Lapworth and Jukes-Browne.
In the United State.s, moreover, physical geology and geography
are exceptionally well represented in a handy form by Davis
and Tarr, while that charming essay of a distinguished author,

Heilprin's " Earth and its Story,'' must already hold a consider-

able field. Like its American competitors, the present book is

well illustrated from actu.al examples ; the scene of mountain-
waste at Guttannen (p. 40), the unnamed delta on p. 68, the

author's view of the source of the Aar (p. U)'J\ and the glacial

hills and lakelets (pp. 207 and 272), may be cited as of especial

service. The book is simple throughout, and cannot lay claim

to any novelty of method ; but at the same time it is both clear

and accurate. The progress of geology has been watched by the

author, who has even given us on p. 1522, quoted from
Ruedemann, a "free-swimming colony "of Diplograptus, formed
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of some twent}- axes attached to a central float. There seema
to us a lack of the personal element, or of appeal to the gi'eat

workers of the past century, such as often imjiarts life to a

description, and captures the interest of the beginner ; but
Professor Biighaui's work, utilised by an inspiring teacher, will at

least convey no false impressions. In saying this, we pas.s over the

old old statement on p. 97 that rnclir.i inoul'iimi-e.'< were so called

from their resemblance to a flock of sheep, for here our author
has the best of company. l)e Saussure was in reality struck by
the resemblance of these rounded rocks to the mammillations of

a fleece or wig. Probably in his desire to be popular. Professor

Brigham sjieaks of the "Irish Elk '' and maintains on p. 388 the

familiar distinction between Goniatite, Ceratite, and Ammonite,
an arrangement that gives Cerotites undue importance as a

group-term etiuivalent to all the other Triassic Ammonites.
Our author, like those before the days of Alpine exploration,

ignores the Triassic Ammonites altogether.

A ^lip that seems worth connecting occurs on p. 197, where
gypsum is spoken of as " the only important rock-forming com-
pound of suljihur," "p3'rites''—which certainly should be
" pyrite' or " iron pvTites"—being given later. The composition

of gypsum is not stated. Moreover, were crinoids (p. 3-5) so

named " from their likeness to a lily ' V On p. 55, the odd-
looking technical word " talus " is usefully connected with " an
ankle'' ; it may be well to note that the Low Latin form
liiliitinit was used also for a ])rojection, and probablj' gave rise

to the term " talus '' in engineering and geology.
Altogether, for American readers, Professor Brigham's work

is concise and useful, though it cannot be regarded as a con-

tribution to knowledge.

STUDIES IN THE BRITISH FLORA.
By R. Lloyd Praeger, b.a.

III.—FERNS.
The Fcrus whose cool greeu fronds peep at us from the

hedgerows or cluster iu shady <fleus aud on damp mouutaiii-

sides are au iuterestiuy race of plauts, aud hii,'h favourites

with all nature-lovers. The differences which separate

them from the Flowering Plants and place them, with their

allies the Horsetails aud Club-mosses, at the head of the

vast army of Cryptogams or Flowerless Plants, consist

chiefly in the lower type of the asexual generation (what
we know as the plant) and the prolongatlou and indepen-

dence of the sexual generation. In au ordinary Flowering
Plant, too, the pause iu vegetative growth, when the

individual gives rise by means of the dissemination of seed

to a number of new individuals, takes place after fertiliza-

tion has been effected by the union of male and female

elements in the flower. When the seed germicates, no

cessation of vegetative life takes place until seed has been

again formed subsequent to flowering. In the Ferns,

on the other hand, the formation of " seed " aud dis-

semination take place hefuie the production of the male
and female elements. The seed or spore grows into a

Fio. 1.— St'otioii through a very ycMiiii; Feru. 1', the prutiial-

liiini, with root-hairs on under side. F, foot of .young fern-plant,

embedded in the hollow of the archegonium. R, first root, and
Fr, first frond, of young fern-plant. Much enlarged.

pioihalllum—usually a minute green heart-shaped pros-

trate leaf-like growth, on the under side of which the

male and female organs (anlln'ridia and archegonia) are

developed. The autheridia liberate a number of anthcro-

zoiih, tinv coiled motile bodies, which twist about and

swim in the surrounding moisture, aud eventually fertilize

the archegonium by fusion with the ovum, or egg-cell,

which it contains. Fertilization being effected, the growth
of the new plant from the ovum commences at once. The
j)rothallium fades away, and the young fern increases iu

size, and generally lives for many years, producing on the

under side of its greeu fronds abuu<lauceof spores, capable

of again giving rise to the prothallium form. In other

words, tliere is thus in Perns a tlislinct alternation of

Fia 2.—Young Fern older than in Fig. 1, showing
prothallium (under side), and first root and frond of

i'ei-u-phint. Much enlarged.

generations. The oophyie is a minute aud normally short-

lived plant, while the spuroiihytc usually lives for many
years, and sometimes, as iu the Tree ferns, attains very

large dimensions. It will be noted that when a " fern
"

is spoken of, it is the asexual generation, or sporophyte,

that is always meaut. The non-botanical reader is asked

to carefully note the incidents, as briefly sketched, of this

life-cycle, in view of certain remarkable departures from it

which will be considered towards the end of the present

article.

So much for the life-history of Ferns. As regards their

history on this earth, I'erus jiresent an immensely long

lineage, longer by far than the oldest of the Flowering
Plants. They make their first appearance as fossils iu

Devonian rocks, amid their allies the Horsetails ; and in

the hot steaming forests of the Carboniferous Period,

whose remains form our Coal-measures, they attained a

wealth of variety and luxuriance that in the millions of

years that succeeded has never again been equalled. Still,

they form au important portion of the present vegetation

of the globe, numbering, at a low computation, three

thousand species, belonging to about sixty genera.

Attaining their fullest development in the hot damjj

Carboniferous forests, they have ever since maintained

their preference for heat aud moisture. The vast bulk of

the three thousand existing sjiecies cling to the Tropics,

and among the forty- seven species which are found in our
Islands, hardly one but seeks a damp and shady situation.

To revert to a term used in my last article, Ferns are

essentially hugropkiles—moisture-lovers—and the student

of botanical geography will note how they increase iu

number as one passes from dry to wet regions—as one

leaves the " Germanic " flora of East Anglia, for instance,

for the " Atlantic " flora of Wales. Not one of our Ferns
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is characteristic i>f sandy or gravelly ground. The
Commou Polypody selects walls, rocks and tree-trunks for

its home, and most of the S[)leeuw()rts are wall-plants ; in

the case of the first, its fieshy, creeping stem stores up
water and food for the dry seasou, while the lattin* send a
network of roots deep into the stonework from the
sheltered crevices which they choose for their abode. It

may be noted also, that all the wall Ferns vegetate in

spring and early summer, and even if completely shrivelled

by summer drought, they lie dormant till autumn rains

awake them : they possess enough of the impervious
cliaraeters of xerophytes to prevent entire drying u]) of

their root-stocks. The Bracken grows abundantly on
sand-dunes, but its far-creeping rhizome lies deep buried
in the sand, beyond the reach of summer suns. In the
much-divided nature of their fronds, Fems also show the

characters of a damp-loving and shade-seeking ancestry;

where compactness of growth to prevent excessive trans-

jiiration was unnecessary, and a spreading out to catch

the maximum of light an advantage.

Ferns are classified according to the manner in which
the spore-cases are arranged. Of the eight families into

which living ferns have been divided, the Pohjpodiaceie,

characterized by the incomplete chai'acter of the annulus,

or ring of thickened cells which encircles the wall of the

stalked spore-case, is far the largest, and to it belong
all our British ferns except the Filmy Ferns, which are

the simplest forms, and the Royal Fern, Adder's-tongue
and Moonwort, of which the last two belong to a strangely

aberrant group.

Since form of stem determines style of growth, it is

worth while considering this character in our British

Ferns. We find a considerable variety of stem-forms.

Of short, upright stems, such as characterise so many of

our higher plants, we have a number of examples. These
upright stems often elongate by degrees, as in the Male
Fern, Lady Fern, Hart's-tongue. Very old specimens of

the Male Fern, and one or two others, may have stems of

one to two feet in length, resembling in miniatui-e the

Tree-ferns of the Tropics, which, however, belong to a

family, Oyatheacex, unrepresented in our tiora. These
upright stems are much thickened by the persistence of

the bases of the stalks of bygone fronds. In other species

the stems are procumbent and slowly creeping ; the

Maidenhair, Cydo^te.vis fraijilis, and Ladrea spinidosa,

furnish good examples. The Common Polypody and
Killarney Fern have more rapidly creej)ing stems, which
rest on the surface of the ground. The Polypody is re-

markable among our Ferns for having its fronds articulated

to the stem, so that they eventually drop off, leaving a

scar. But the most far-creeping stems are those which

grow below the surface of the ground. The most familiar

examjile is the Bracken, whose vigorous branching stems

cover whole mountain-sides with a forest of green fronds.

In wind-excavated escarpments in sand-dunes, these black

rhizomes, knotted with the stumps of old fronds, may be

sometimes seen hanging twenty or thirty feet in length.

The Oak and Beech Ferns, the Marsh Fern, Mountain
Bladder Fern, and the two Filmy Ferns, have also sub-

terranean creeping stems, ami consequently form spreading

colonies, instead of the close tufts caused by the occasional

liranching of upright stems.

To revert to those few British Ferns which are not

members of the family Pohjpodiace/e. The lovely

Killarney Fern and the two Filmy Ferns belong to the

Hymeuophyllace;e, which are the simplest in structure of

the Ferns and show some aftinities to the mosses. These

species are essentially hygrophile. Their delicate pellucid

fronds, formed of only a single layer of cells, shrivel at

once in a dry atmosphere. They differ also from most of

our Ferns in the fact that their fronds are not annual, but
will last for a numb t of seasons. The fronds of Hyineno-
phyUurn. nnilaterale will even continue to grow for several

years in succession ; I have fronds nine inches in length,

the result of three successive seasons' growth under close

treatment. These delicate species usually seek dei;)) shad^'

dells, where the sun never penetrates ; here they clothe

damp rocks with their dark verdure, but in some parts of

our Islands, as on the west coast of Ireland, the atmosphere
is so charged with moisture that on a mountain-side facing
north, the Filmy Ferns may form a constituent of the sliort

spongy turf, freely exposed to the weather.

The only British representative of the Onmiiudacem is

the well-known Royal Fern, Osmundu reynlis, which needs
no description here. Whereas in many of our British Ferns
certain fronds produce no spores, but conSne themselves
to the process of assimilation, while others, whose
chlorophyll-bearing area is restricted, bear spores, in the
Royal Fern the upper portion of the fronds is set apart for

the production of the fructification, the lower parts being
expanded, green and leaf-like. But pinna? may often be

found in which every gradation from flat green barren

I>innules to narrow fruit-covered ones is present. The
remaining ferns, the Adder's-tongue and Moonwort,
possess remarkable features. The prothallium, instead of

being flat, green and aerial, is a subterranean colourless

mass of tissue. The stem, likewise, is subterranean, and
very short, sending up each year an aerial branch which
divides into two, a spore-bearing portion and a barren

leaf-like portion. In the arrangement of the young
fronds, too, these jilants depart from the almost invariable

rule of Perns, the parts being folded straight instead of

coiled up. These Ferns likewise differ from their British

allies in their habitat, since their home is in open pastures

and heaths, the Adder's-tongue preferring the lowlands,

the Moonwort the uplands.

As regards habitat and distribution, our Ferns exhibit a

A

FlQ. 3.—Pinna ol' Osmiuida regalis, showing liMn^iiion from
b;irren to fertile portions.

wide diversity. Though none of the species are aiiuatic.

several of the Ladreie frequent wet marshes, notably

L. Thelypleris. Most of our Ferns are wood and glen

plants ; some, as already pointed out, seek rocks and walls.

While the majority are lowland, many delight in the

skirts of the mountains, and a few. notably the two species

of Woodsia and the Holly Fern, are Arctic-Alpine plants.

In opposition to these, the Maiden-hair and Killarney Fern

are plants of markedly southern type. One, Aspleniuin
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maiiiiiiiii. Las its Ikjiuu akmy the sen-coast. Most, as

already stated, are eoiispieiiously bvgrophile—lovers of

damp air. The Hard Feru and Lady Fern are con-

spiououslj calcifuge, the former especially jtining in a
limestone soil as rapidly as a Rhododendron; while the
Limestone Polypody, the Scale Fern, and Litstrea riijida

are particularly partial to limestone— strouijly ealcicolc.

Our al])ine and arctic ferns are found chiefly in Scot-

land, the southern aud moisture-loving species in West
England and Ireland. The calcicole species exhibit

peculiarities of range. Lastini riijidu and Fdhjprdunii

Eohertian 11)11, which are locally abundant on the limestoue
pavements of northern England, being altogether absent
from the similar formation in Ireland, where, in the west,

their place is taken by the Maiden-hair. The rock-loviug
Ferns, especially the calcicole Scale Fern, have had their

range greatly extended by human civilization, on account of

the building of walls of stone and lime, which form for them
au eminently suitable home. But most Ferns are plants
of thoroughly wild ground, and decrease with the spread
of civilization.

As regards their leafy parts, all our Ferns, with the
exception of the Adder's-tongue and Moonwort before-
mentioned, are arranged on a similar plan. A principal
vein or midrib traverses the whole length of the frond,
on each side of which the (>xpanded green lamina is arranged
symmetrically, the lower portion of the midrib being
generally bare aud forming a stalk (s(ipe]. On the under
side of the lamina the spores are produced. It is owing
to the cutting aud dividing of the lamina that our Ferns
possess so much variety. In one species—the Hart's-
tongue-the frond is undivided and strap-shaped; in the
Common Polypody aud Hard-fern it is divided into simple
comb-like teeth. In the Male Fern, itc, these pinnie are
again cut down to their midribs into jilnnuhs. And in

the Bracken, Lady Fern, and others the pinnules are in

their turn divided into lobi'n. The lower piuua; in many
species are the largest, giving the frond a triangular out-
line, aud in some, as the Oak Fern, the lowest pair are so

enlarged that the frond is ternate, consisting of three
divisions of nearly o(iual size.

To return to the question of the reproduction of Ferns.
Although their tiny spores are produced literally by the
million, Ferus do not submit to artificial cultivation with
anything like the readiness displayed by Flowering Plants.
The reason is to be sought in their hygrophile proclivities.

To raise Ferus from spores, a continuously damp atmo-
sphere is necessary, and if the air is warm also, so much
greater the chance of success. But eveu then the diffi-

culties are uot over, for the oophore or prothallium genera-
tion is so minute that the seedlings run risk of being
smothered by the riih growth of algaj induced by the
confined atmosphere. Those Ferns which have creeping
stems may enlarge their area indefinitely by meaus of

vegetative gro^vth ; and in some abuormal cases, British
Ferns reproduce themselves by another vegetative process
—uamely by bulbils—little buds produced on some por-

tion of the frond, which grow directly into fresh plants.

Such bulbils are characteristic of many varieties of Polij-

stichum anyiilare, and occur, though more rarely, on
abnormal forms of the Hart's-tongue, Male Fern, Lady
Fern, &c.

A much more curious and abnormal mode of reproduc-
tion has been brought to light in recent years. Let me
recall the normal process in our common Ferus. Spor-
angia, or cases containing spores, are developed iu groups
or rows on the uuder surface of the frond. The spores,
being liberated, give rise to small leaf-like prothallia, on
the uuder surface of which male and female organs
(antheridia and archegonia) are developed. When fertili-

zation has taken place (which is effected by meaus of

motile autherozoids), vegetative

growth at once begins in the egg-
cell of the archegonium, and a

young fern is the result, the pro-

thallium withering away. In 1868,

a very beautiful variety of the

Lady Fern was found wild in

North Devon by Mr. K. Moule, in

which the fronds were large and
translucent, the ultimate divisions

being very long, slender, and

After deeply cut. The fern was ap-

Fio. 4. — Prothalloid

bodiet occupying the

plaie of sponvngia in

Athyriiim FilixfiTinina,

da
Dniery. Much enlarged, parently barren, for though jjlenty

of fructification was produced,

no spores could be obtained, and in consequence, in 1888,

only two divisions of the plant were in existence. In that

year, Mr. G. B. Wollaston discovered in another variety of

Lady iVrn, that the place of the spore-cases was occupied

by numerous bulbils, which were capable of forming new
plants by direct vegetative growth. Mr C.T. Druery was

led by this observation to examine the sporangia of var.

clarUsima, as the Devon form had been named, and found

that they consisted of groups of strange flask-shaped

bodies, which were quite unlike spore-cases. These were

carefully planted in a seed-pan ; they immediately com-

menced to grow at their tips, which expanded at length

into perfect prothallia, which in due course produced

male aud female organs, and subsequently young fern-

plants.* In other words, this remark al)le fern was

found to produce, not spore-cases and spores, but in place

of them prothallia, aud to pass from the asexual generation

(or fern-plaut) to the sexual generation (or prothallium)

without the intervention of the spore. Iu the year following

the annouucement of this discovery, a still more remark-

able phenomenon of a like nature was brought to mjtice.f

Mr. Wollaston observed an abnormal growth jjroceediug

from the tips of the pinnules of the Yuriety pidchet-ri ihuih

of Pohjgtichum a ngutare— a,\so a North Devon find.

The tip was found to grow out into a delicate green ribbon,

which eventually expamled aud thickened into a fully-

formed prothallium, on which were developed archegonia

and antheridia. " This Polystichum," says Prof. Bower,
" is thus an example of the formation of an exj)ansion of

undoubted ijrothalloid nature bearing sexual organs, by a

process of purely vegetative outgrowth from the Fern-

plant—that is, there is a transition iu this case from the

Kn;. 5.— Protlialloid body produced by outgrowtli of

veiulet of /". annulare, var. pidcherrimum, Wills.

After Druery. Enlarged.

sporophore generation to the ooj>hore by a vegetative

growth, and without any connection with spores, or,

indeed, with sporangia or sori. It may be regarded as

• Druery in Journ. Linn. S^c, Botany, \o\. X.X.I. t iiower, ibid
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it more ooniplote oxampln of apoHponj thau that of

Athijrium FiJix-fivmina, var. clarisiiima "* Two yt'ars

liitiT. Mr. Druorv subjected a different form of the var.

pulrherruuHm above-inentioiied— in this second case a
Dorsetshire tind—to close culture, with the result that

not only did the pinnule-tips produce such a uuuil)er of

]>rotli:illia that " flic ]iinu!e were absolutely fringed with

thcni," but prothaili also ai)pcared which were produced
in ([Uite another manner. Certain veinlets rose out from
the surface of the (linnules, and arching over, were pro-

longed into pendant pear-shaped bodies, which sent out

root-hairs, and, under favourable conditions, grew into

prothallia.f In 18i»2 Mr. Druery made another step by
discovering prothalloid growth proceeding, not from any
one part, but over the whole surface and edges of a seed-

ling crested Male Fern, Lastrea Psendo-mas, var. cristala,

which, however, lost this pvothallium-bearing character as

it grew older.* In this variety, it should be pointed out,

another abnormality of reproduction was already known
to occur, namely, the production of the yo\ing fern-plaut

by j>urely vegetative growth from the prothallium, without

the aid of sexual action {upotjamtj). So that in this Fern

Fig. 6.—Portion of frond of Scolopendrium
riiUiare, vac crixpum DrummondiB, s)iowm;i pro-

duction of protliallia (P, P) along the edge of the

frond. Natural size. After Druery.

two remarkable short-cuts in reproduction occur, the

sporophore sometimes growing direct from the oophore
(by this the sexual organs are eliminated in the life-cycle

of the plant), and the oophore sometimes growing direct

from the sporophore (by which the spore is eliminated).

Mr. Druery continued his investigations, and next an-

nounced§ an aposporous Hart's-tougue, a frilled variety,

found many years before near Falmouth hy Miss Drum-
mond, in which prothaili were produced from the tips of

the lobes, into which the margin of the frond is in this

form divided. He also discovered another form of

darissbna Lady Fern, which showed the phenomenon of

apospory, not only in the fructification, but also at the

apices of the divisions of the frond. Mr. E. J. Lowe,iJ in

his ex])erimeuts in prolonging the prothallium generation

of Hart's-tongue. by cbntinually subdividing the ]iro-

thallia (in order to keep the two sexes apart), produced,

when sexual action was at length allowed, some extra-

ordinary little Hart's-tongues, of which the fronds were
simply masses of prothalloid growth. A characteristic

example of apospory occurs in a densely-crested form
of the Lady Fern, Athijrium Fili.r-fwmina, var. vnco-

(jlomeratum, an offspring of var. aerodadon, which was

• Loc, cit. + Druery, Journ. Linn. Soc , Vol. XXII.
I Juurn. Littti.'Soc, Vol. XXIX.

!i Ibid, Vol. XXX.
II
IHd, \\,l XXXII.

found wild in Yorkshire in 1800. Dr. Stanstield ob8erve<l

that in the autumn of 189tj, when the fronds were dying

down, tile extreme lips of their ijushy crests remained

greeu. He planted these, whereuiwii they kept, growing,

slowly unrolling and branching, and the tips eventually

exjiauded into jjiotliallia, which produced young feru-

FlO. 7.

—

Jlht/riuiii Filix-frmnna, var. unco-

illomeratnm. Young plant arising by budding fnjiri

prolonged tip of portion of the frond. Enlarged.

After Stansfield.

jjlants by sexual actioB. Young plants were likewise

produced by direct budding, both on the tips of the frond

and on the prothallia, so that in this remarkable instance

no less than three abnormal processes of reproduction

were going on at the same time !

*

Apospory in the forms described above is now known to

occur in quite a number of Fern varieties of the kinds

named above—plumose, crested, and pnlcherrimum forms

—which have been for many years known to be barren

varieties, so far as the production of offspring by means of

spores was concerned.

So it will be seen that to the normiil alternation of gene-

rations in Ferns some very remarkable exceptions have been

discovered, chiefly among wild British varieties, in which
the parts of the frond are very much divided. The pheno-
menon has been noticed in Athyriuni, Polysiichmn, Scolo-

'pendrium, Lastrea, and probably Polypodimn rnhjare, and
to these may be added the Bracken, Pteris (iquilinn, of

which an a|>osporous form has beeu found in the United

Fio. S.—Athy rill III Fitix-ficminii, var. iinco-nloineraluiii.

Prothallium produi-ed bv vegetative growth from tip of

)iortiou of frond, bearing voung plant (A) produced by

budding on the surface of the prothallium and ulfo young
plants (B, B) produced by normal sexual action. Enlarged.

After Stansfield.

States.t The curious outgrowths which result in prothallia

may take place in the aborted fructification, on the tips

of the pinnules or of crestings, from any portion of the

margin or surface of the frond, or from the extremities of

projecting veins. The production of these premature

oopLores ai>pears to be much stimulated by cultivation in

a close damp atmosphere—without which, indeed, the

delicate prothallia, and the young fern-plants arising from

* Stansfield, in Journ. Linn. Soc, Vol. XXXIV.
t Farlow, in A«nals of Jiofant/, Vol. II., p. 383, 1888.
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them, would have absolutely no chaiic<' of life. It is sufj-

gested by Dr. S'ansfield that ajio-spory may be an atavie

trait
—"a character that may have been general or even

universal iu the infancy of the race. This idea is borne

out to some extent by the fact that apospory is favoured

by a uniformly humid atmosphere, a condition which
probably prevailed in early geologic (say Silurian and
Devonian) times."* A still more remarkable" short cut

"

has been detected recently by Mr. W. H. Lang, when
experimenting with apogamous ferns. Iu a Carnarvon-
shire variety of the Broad Buckler Fern, Laxlrea dilalata,

var. cristahi (jracilh, and a inuch-branched variety of the

Hart's-tongue, Si-nlo/iendriiiDi (•«/;/« rd, var. raiiiulosi.inlminii,

that observer discovered that sporangia were borne ou the

prothallia, thus cutting out the whole asexual or fern-

plant generation.

t

So, as Mr. Druery remarks in a recent* summing-up of

the question, " it has been now demonstrated that in the

sequence of spore, prothallus, antheridia, archegouia,

fertilized seed and spore-bearer, every one of the steps,

without exception, can be eliminated altogether ; thus

apospory cuts out the spore and even the sjioix'-hcap
;

bulbils on the fronds or elsewhen'. cut out the prothallus
;

ajiogamy cuts out the antheridia, antherozoids, archegouia,

and fertilized seed ; and the spore-bearing prothallus cuts

out the sporojihore proper."
XoTE.—Till- Writer's bot thanks are duo to his IVieiid, Mr. C. T.

Druery, til Dr. F. W. Stansfield, ami to tlie Cotiiu'il of llie liinueun

t'oeielj', for peruiission to reproduce or adapt Vigs. -1 to 8, from the

Society's Journal.

Af
Conducted by M. I.Cros,s».

PoNM Cni.i.E( TiNc; IN M.iY.—All the various pond organisms
that die down in winter and in various ways produce protected

germs to tide over this, for them, unsuitable season, will now have
come to life again and begin to multiply at an increasing rate.

Many kinds of Desmids should be found in shallow, mossy pools,

or along the edge of rivulets. Among Protophyta and Protozoa

the green spheres of ]'olvo.r (ihilnitur will be found in many
localities more or less abundantly, and the various kinds of

Acineta should be looked for in quiet, undisturbed waters,

where many kinds of free-swimming Infusoria will also be

found.
Of Rot ifera there aro few species which may not be found

in May. At one excursion of the Quekett Club to Totteridge

in. the middle of May forty different species were obtained.

To mention only a few : Nolups brdchioniw, one of the most
attractive Rotifers, will have made its appearance, then various

kinds of .Inififn, A'<jilinirlui<i, Hniehinnus, Coelopus, Ciilhi/jjini,

DiiiMhi'd, I'licliltini.i, Furcularia, Manlif/ncerca, Mefupiiiid,

Pterodhiti, Siiiicliwfii,Stejtliininji>i, Scaridiiiiii : also filc/ilidiioi-i'roit

eirhhoniii, I'lo/^iiilex, .^telhrrta, and Limniax in abundance.
On rootlets of trees growing near the edge of ponds and lakes

will i)robabIy be found various kinds of Polyzoa : FredericeUu
SiiUiiiiii, I'ahiilircllii and I'luuiatilla repen.i.

Attach.mii.k :^[I:( hankai. STAr.r.s.—Many workers com-
mence with a microscope of plain construction, and as the scope

of their work increases tind a mechanical stage a real necessity

:

especially is this the case with students. For ordinary biological

and histological purposes a i)lain stage is not only sufficient but
frequently found to be the most suitable, for with constant

* Loccit. t ^roc. Roy. Soc, LX., p. 250,1896. Phil. Tram.,
CXC, B.,p. 1»7, 1898. I Gardeners' CAroniWe, March 30, 1901.

]>ractice the fingers become educated to moving the object with
accuracy and with a rapidity which could not well be attained

with a mechanical stage. But when a ,'. in. oil immersion is added
and systematic examination of a specimen over its entire surface

is necessary, and not merely a general observation of its

characteristics, the fingers fail to do what is needed. To meet
such cases the attachable mechanical stage was devised, and
judging by the many patterns that are offered, no small amount
of ingenuity has been put into their construction. They
un(|uestionably su])p!y a need, but it cannot be too strongly

emiihasised bow far inferior they are to a good mechanical stage

built as a part of the microscope. The fewer detachable parts

there are in the instrument the greater is the possibility of

afEording that rigidity which is such a prime necessity. Take
any of the attachable mechanical stages, and none of them are

really free from some defect ; they have to be self-contained,

and as the space in which they work is of necessity constricted,

the bearings and fittings have to be of the lightest description,

with the result that they rarely work truly, and if they receive

a fall or knock are almost irremediably damaged. For any rack

and pinion to engage and work responsively and without back-

lash the rack must be firmly bedded, and this cannot be

accomplished so well in any other form as the fixed stage ; no

rack with its teeth set on end will ever be nearly so satisfactory.

Further, in the attachable stage, when power is put into the

millcd-head, there is a tendency to shake or lift the attachment;

this is an impossibility with the fixed stage.

In view of these facts it is worthy of consideration whether

an attachable mechanical stage can be really accepted as a

desirable addition to a microscope. The Continental makers,

with the exception of Zeiss and Reichert, in their largest

photographic stands provide the attachable patterns only, and
where necessity has demanded the addition of a mechanical

object carrier to a plain stage instrument, its u.se can be readily-

understood, but the price charged for them is so high that in

nearly all English-made microscopes it is possible to exchange

the plain stage for a good fixed mechanical jiattern at the same
or even less cost, and seeing that the modern fixed mechanical

stages are made with a large plain surface ou which the

specimen can be manipulated with the fingers when low powers
are employed, it is to be recommended that a fixed mechanical

stage should at all times be obtained where possible, and the

attachable form in cases of unavoidable necessity only.

Two-speed Fjjje Ao.rusTMENT.—I called attention in the

February number to a new two-speed fine adjustment which
had been introduced by Messrs. R. & J. Beck, and another
interesting device to secure the same result, but by other means,
has been devised by ilessrs. Watson i**: Sons. In this case, a
single screw only is used, the differences of speed being obtained
by two milled heads of diilerent diameters, one being attached

to the other. It is an old idea which has been used in micro-
meter gauges and spectroscopes and is here applied to the
microscope.

If a large milled head be turned by the thumb
and first finger, it wiO be found that the rotation

is eft'ected very slowly, but if that milled head
were one-sixth of the size, it could be turned
with six times the rapidity, and herein is the

very simple explanation of the little application

to Watson's fine adjustment.
The disadvantage of this arrangement is that

work will be done by the fine adjustment which
should more properly fall to the rackwork coar.se

adjustment, consequently, in course of time the

single fine screw will be likely to show more signs of wear than
the coarse screw used Vjy Messrs. Beck for their slower speed,
but in any case the action is so simple and effective that there is

no reason why every microscope should not be provided with it.

Preparing Mycetozoa.—Mr. M. J. Cole gives the following
instructions for mounting these specimens :—Most of these
fungi can be mounted dry in glycerine jelly after soaking in

equal parts of rectified spirit and glycerine to remove the air,

but in those forms which possess lime granules in the capil-

litium— a character of importance in classification— the cal-

careous matter disappears when in glycerine in any form Where
this is the case, place the specimens in absolute alcohol until all

air is removed, then transfer to clove oil, and when clear, mount
in Canada balsam.
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Some specimenB may, however, be rendered too tran8])arent

by the balsam, if so, mount them in a Bhallow cell in some
neutral fluid, nucb as camphor water.

In their ripe condition they may also bo mounted dry as

opaque objects.

Qiii'.KKTT Miciioscoi'M Al, (!i,i'ii.— The list of excursions

durins the months from April to October, l',M)2, of the above

club, has been sent to me, iind those who may wish to become
acquainted with practical collecting of micro specimens would

do well to put themselves in communication with the Secretary

of the Quekctt Club at 20, Hanover Square, W., with a view to

joining the club itself and taking part in these admirably

arranged excursions.

XOTES AND QUERIES.

E..I.U.—A new work entitled "The Foraminifera . an

Introduction to the Study of the Protozoa," by V. Chapman,
costing 9s., has just been published and it is likely that this may
answer your pui-pose.

7'. //. A.—The drawing you send is of a h.iir from the larva

of Dermestes Beetle and the specimen is the larva itself. These
hairs were at one time considered good test objects, and are in

fact not to be despised for the purpose.

Cleric.—The best book for your purpose will be Lewis

Wright's " Popular Hand-book to the Microscope," price 2s. 6d.

C. //. ('.—In addition to the books named in my previous

reply, corres)iondents recommend " A Text-book of Plant

Diseases caused by Cryptogamic Parasites," by fleorge Massee,

of Kew, and Plowright's " Uredineaj and UstilaginesE," Kegan
Paul.

0. T. E.—MocxTiNC. Pollen Grains.— Place these in alcohol

and soak for a few days, then transfer to distilled water, then

to haematoxylin for about fifteen minutes. Wash again in

distilled water, dehydrate in alcohol, clear in .clove oil and
mount in Canada balsam. Carmine may be used instead of

hajmatoxylin, if preferred.

.l/i.ss Parish.—Mounting Des.mids.— Preserve in acetate of

copper solution, and mount in a shallow cell in the same

medium.

Story, I. E.—A note on the use of the collar correction of

objectives will appear in an early number.

Correspondence is invited on the subject matters dealt with

in these columns. Readers may see subjects from different

points of view and their criticism will be welcomed.

Communications and enquiries on Microscopical matters are

cordially invited, and shoidd be addressed to M. I. CROSS,

Knowledge Office, 326, High Holhorn, W.C.

NOTES ON COMETS AND METEORS.
By W. F. Denning, f.r.a.s.

TiieGubat Southbbn Comet of 1901.—Prof. TheodorBredikhine,

of St. Petersburg, has written an interesting paper on the character

and changes in the tail of this comet. Tlio paper forms a useful

contribution to comelarj physics, and merits close attention from all

those interested in the theory of comets. At the Cape Observatory

some excellent photographs were taken of the recent comet, and

these liave been discussed by Prof. Bredikhine. They give indica-

tions that for several hours on April 23rd there occurred a violent

eruption of material in an outward direction from the nucleus, and

that subsequently to this discharge the nucleus seemed shorn of the

usual envelopes." A secondary eruption, of much less prominence

than the first, apparently took place on Jime 2nd, but the comet

disappeared soon afterwards, and its further developments could not

be traced. Prof. Bredikhine considers that the eruptive disturbance

of April 23rd set up a rotatory motion in the nucleus in a similar

direction to that of the orbital motion.

ScAECiTT OP Xew Cojiets.—The exceptional rarity of visible

comets alluded to in the November number of Knowledge continues.

During the whole of the past winter cometary observers have had

practically nothing to examine in this field, yet in November, 1892,

there were seven comets visible ! Ordinary comet seekers have

alighted upon no new objects since Giacobiui at Nice announced his

last discovery on 1900, Ueccmber 20, which is sixteen months ago.

This absence of comets is remarkable, when we consider the large

number of these bodies which were detected during the last quarter

of the nineteenth century. It seems highly probable that many of

these interesting and mysterious objects escape observation owing to

the inadequate means l«kea to effect their discovery. It is to be

hoped that in following years more observers will engage in this

research, for, if it requires close application and no small amount of

patience, it is almost certain to be successful in the cnil.

Lahok Mf.tkoe.~Oii the beauiifully clear evening of March 23nl,

at 7h. 25m., a fine meteor, nearly as brilliant as A'enus, was seen by

the wriier at Bristol. It passed very slowly through Irsa Major, its

lliijht being from 188° + 76° to 190° + 35°, and duration 41 seconds.

The nucleus was ]iear-shaped and yellowish ; it left no enduring

streak or train, but threw off a few red sparks as it Tolled along.

The jirobable radiant <if the meteor was at 11° + 39° near the great

nebula in Andromeda and its probable height 71 to 4-5 miles from

above Worcester to Thame. It may have belonged to the same
stream which furnished a pretty bright meteor on 1887, March 27,

at 8h. 47m., and which was seen by Mr. T. W. Biu'khousc at Sunder-

land, and bv the writer at Bristol. The radiant was at 1 1° + 35°, and

the heights 59 to ."JS miles, velocity 10 miles per second. Another
fully recorded observation of the meteor of March 23rd last would be

valuable, and enable its real path to be accurately determined. It

was an unusually interesting object, and typical of that numerous
class of fireballs which appear in the early evening, and are oft<-n

directed in long slow flights from radiants at low altitudes in the

western region of sky. Later on the same evening (March 2^rd,

8h. 50m.) another very conspicuous meteor was noticed at Bristol by

some casual observers, jiassing from left to right along the N.K. sky.

but it has been impossible to ascertain any further particulars

concerning it.

Bkight Meteors on March 29.— At 8h. IGm. p.m , Mr. J.

Halton, of Manchester, observed a meteor rather brighter than

Sirius, shooting towards the head of Serpens from between a. and £

Bootis. Mot, on rapid, duration about IJ seconds. At 9h. 45m. another

meteor appeared a few degrees imder a Coronae and t, Ilereulis, and

travelled along from right to left in a du-ection almost parallel

with those stars.

ButonT Meteoe on April 10. —At 13h. 28m., the writer, at

Bristol, observed a meteor brighter than 1st mag. crossing the star

a Opliiuehi. It traversed a path of 10 degrees from 2R2i" + 16° to

201^° + 6°, and apj)eared to be rather foreshortened and not verv far

from its radiant, probably near 265° + 37°, 268° + 48°, or 276° +'69°

Colour bluisli-wliitc, motion rather swift.

THE FACE OF THE SKY FOR MAY.

By W. Shackleton, f.e.a.b.

The Sun.—On the 1st the sun rises at 4.35 a.m., and

sets at 7.19 p.m. On the 31st he rises at 3.52 a.m., and
sets at 8.3 p.m.

Sunspots are infrequent, but there are indications that

the abnormally long period of minimum is drawing to a

close and occasional spots mav be looked for. There is a

partial eclipse of the sun on the 7th, but wholly invisible

in this country though visible in New Zealand and the

South Pacific Ocean.

The Moon:—
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The Planets.—Mercury is an evening star iu Taurus,

and after the first few Jays is well placed for observation.

On the 28tli, he attains his greatest easterly elongation of

•2o° 3', and is situated about 2° north of 1 Geniinonini ;

ou this date the planet remains above the horizon until

shortly after 10 r.M , or more than two hours after the

sun has set.

Venus is a morning star in Pisces, slie forms a con-

spicuous object in the morning sky shortly before sunrise,

rising about Ih. 20ni. iu advance of the sun. During the

mouth the ai){)arent diameter diminishes from 23''0 to

17"4, and about the middle of the month the illuminated

portion of her disc is ()-589 and answers to the appearance

of the moon 8 days old.

Mars is practically unobservable, as he ri.ses (mly about

half-an-hour jirevious to the sun.

Jupiter is still in Capricornus, rising on the 1st at

2.5 AM., and on the 31st at 12.11 a.m. His path is a short

easterly one near to < Cajtricorni. The a]iparent diameter

is increasing, being ;>5"'8 ou the Isf, and 39"-t on the

31st. He is in (piadrature with the sun ou the 7th.

Saturn is also a morning star, rising ou the 1st at

1.15 A.M., and on the 31st at 11.12 p.m. The planet

descriijes a short looped jiath in Sagittarius, reachirg the

stationary jioint on the Hth. The api>arent diameter of

the planet is about 1()''U, whilst that of the outer major
and minor axes of the ring are 40 '7 and 14 ''8 respectively;

the northern surface of the ring is presented to us.

Uranus remains in the most southerly part of Ophiuchus
near 44 or h Ojihiuchi At the beginning of the month
he crosses the meridian at 2.43 .\.m., whilst on the 31st

he crosses at 12 45 a m.

Neptune is jiractically out of range, being rather low
down in the north-ivest and lost in the strong twilight.

The Stars.—About 10 p.m. at the middle of the mouth
Ursa Major will be nearly overhead; Arclurus a tittle east

of south, and Spica Virginis ou the meridian ; Leo in

the south-west, and Clemiui iu the north-west ; Cygmis in

the north-east ; Vega high up in the east ; Scorpio rising

in the south-east.

Cijcss (iEolumn.

.

By C. D. LococK, B A.

Communications for this col'imn should be addressed

to C. D. LococK, Netherfield, Camberley, and be posted

by the lOtb of each month.

Solutions of April Problems.

(By C. C. W. Sumner.)

No. 1.

[Wf beg to sujiplcnu'ut the composer's apologies for this

imfortunate problem. The author's intention was 1. R to

QB3, but there is a mate in one move, besides two other

solutions by 1. Q to Kt3, and 1. Kt to B3ch.]

No. 2.

1. Q to Q4, and mates next move.

Nn. 3.

1. R to R4, and mates next move.

Correct Solutions of the three problems received from

W. de P. Crousaz, W. Nash, Alpha, J. M. K., II. 8.

Brandreth, G. W, Middleton, Black Knight, (i. A. Forde
(Captain), C. D. Brown, F. Dennis, C. Johnston, G.

Woodcock, A. C. Challenger.

Of No. 1 and No. 3, from H. Boyes.

Of No. 1 and No. 2, from H. H. S. (Teddington),

Major Nangle.

Major XauAjIe.—In No. 3, if 1. R to QKto, K moves and

escapes.

H. H. S.—li 1. E X Kt, K moves.

W. Harris.—A dual mate in a two-move problem will

not count. But no two-move problems will be pulilished

this year.

Omiposer nf
•' White BiaJiop."—Problem withdrawn as

requested.

Vo.r AitstrnH/'.—You may have .seen by now that the

Knight's attempt to " perform the feat off his own bat
"

(January four-mover) is defeated liy Black's device for

obtaining a stale-mate position.

C. C. W. Sumner.—Many thanks for the revised position;

I regret that there is no more s[iace for two-move |)roiilems

this yeai-. But if you send il elsewhere, I should recom-

mend you to examine the effe<t of 1. It x B.

Composer of "All's ivell," etc.—The problem must take

its chance as "to the date of its appearance. You will see

that it is not drawn for publication this month.

H. B. Dudley.—1 much regret that, as you sent your

name and address, instead of the necessary motto and

sealed name and address, your problem cannot appear iu

the tourney.

Composer of " Doifiho atque vincam."—Please see the

reply above. Apart from this I think you will find that

the problem has at least two other solutions (1. R to

B(!ch, and 1. Kt to K5ch). With so much hostile force

in the neighbourhood of the Black King I do not think

that you will succeed in making the problem sound.

Moha Sliaida Ali Khan.—I regret that I am compelled

to exclude the four problems ou the ground that the

composer's names appear on them. In addition to this

they arrived two days too late. The one marked No. 3 is,

I think, by far the best, and I should recommend the

composer to enter it in some other competition. The
others, though all have sacrificial keys, are not of the kind

preferred by English Tournament judges.

Composer of " Post tenebras lux."—Your problem has

three solutions in two moves, and must bo excluded,

therefore, as " obviously unsound."

PROBLEM TOURNEY.
Additional Tourney Problems Received. —

" Ariadne," " Per Aspera ad Ardua," " Algol," " Vega,"
"Brutum Fulmen," "With how much labour," etc. "Poor
Pink," "Leonard," "Weighty," "Circumstances alter

Cases," " Inter pocula," " Possibilities," " Knowledge
rather than choice gold," "By indirection find direction

out," "Variety charms," "Three steps and a shuffle off,"

"Fort nachauand," "Without Hope," "Ben trovato,"

"AUer guten Dinge sind drei," "All's well that ends
well." Seven others received cannot be entered owing to

non-compliance with the rules, or, in one case, obvious

unsoundness. It is possible that I may find others

ineligible on this last account ; but if all survive a very

cui-sory examination the total number of accepted entries

(including eight previously acknowledged) will be twenty-

nine, a very satisfactory number. In order to get the

result published within a year it will be necessary to print

three problems each month. The order of publication

will be decided by lot, and this month the lot has fallen on
the following :

—
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PROBLEMS.

No. 1.

'• Per Asjicra ad Ardiui."

(i?^

m

White (;i).

Wliite mates in three moves.

No. 2.

" Fort naclianiiiiil."'

Black (ti).

White mates in three moves.

No. 3.

"Algol."

BlACK (7).

Whiti (11).

White mates in three moves.

Solvers are reminded that those who solve correctlv

every problem in the tourney will be entitled to act as
preliminary judges. It is as well to explain that by
" solving a problem correctly " I mean giving the correct
key (if there is one and only one), and no other. But no

solver will Ije disi|ualified from judging on the ground of
failure in a problem which proves either incapable of
solution, or cajtablc of more than one solution. The proviso
of solving every jiroblem correctly was clearly only intended
to ensure that the jireliminary judges had appreciated the
merits of every ])roblem which could have anij chance

of success; and this end is met by limiting the proviso to

the case of sound ]>r()bleins. I need hardly add that

failure in duals will not l)e a ground for disqualification.

Solution Touenet.

This begins with the ]>roblems printed above, and will

continue to the end of the year. During the publication
of Tourney Problems duals will count, as explained last

month. Solutions must bear po.stmark <>f the ismilng

office not later than the loth day of the month of jniblica-

tion. I regret that the time fi>r solution cannot be
extended ; but the task of examining claims for incorrect
solutions, second solutions, duals, etc., involves considerable
labour, and this page goes to the printer before the middle
of the month.

CHESS INTELLIGENCE.

The Inter-University Match took place at the British

Chess Club on March 21st, and resulted in a draw. The
score is as under :

—

Oxford TNiVEssiTr C C.

Mr. W. M. Gnindj, All Souls

Mr. H. F. Davidson, Exeter. .

.

1

Mr. H. D. Roorae, Merton ... 1

Mr. .J. R. \V. Robinson, New
College

Mr. A. C. Ernsthausen, Balliol

Mr. H. Taylor, Balliol 1

Mr. G. Walker, University,., i

Cambejuoe Uxivessiiy C.C.

Mr. H. A. Webb, Trinity ... I

Mr. F. W. Clarke, Pembroke
Mr.B.Goulding-Brown.Trinity
Mr. H. Bateman, Trinity ... 1

Mr. A. C. Prichard, Queen's... 1

Mr. H. A. Stead, Emmanuel ..

Mr. M. Eittenberg, Caius ... i

H 3i
On the following day Lancashire defeated Yorkshire

(30 aside) at Manchester by 17^ games to 12i.

The brilliancy prize in the recent Monte Carlo Tourna-
ment has been awarded to Mr. Jh,mes Mason for his game
with Mr. Na2>ier.

Mr. W. Ward is the wuiuer of the City of London Club
Championship this season. Mr. D. T. Mills, for the second

time, I believe, in the course of his career, has failed to

win the Championship of Scotland.

The Haiiipstetd and Hkjhyate Express announces its fifth

tourney for two-move jiroblems. Entries to be made before

May 1st. The first prize is one guinea, and half-a-dozen

other prizes, of chess books, are also offered.

All manuscripts should be addressed to the Editors of Knowledge, 326, High
Holboni, London; they should be easily legible or typewritten. All diagrams
or drawings intended for reproduction, should be made in a good black

"

medium on white card. While happy to consider unsolicited contributions,
which should be accompanied by a stamped and addressed envelope, the
Editors cannot be responsible for the loss of any MS. submitted, or for delay
in its return, although every care will be taken of those sent.

Communications for the Editors and Books for Review should be addressed
Editors, Knowledgk, 32o, High Holborn, Loudun.

FoF Contents of the Last Two Numbers of "Knowledge," see
Advertisement pages.

The yearly bound volumes of Knowledoe. cloth gilt, Ss. 6d., post free.

Binding Cases, Is. 6d. each
; post free. Is. 9d.

Subscribers' numbers bound (including case and Index), 38. 6d. each volnme.

Index of Articles and Dlustrations for 1891, 1892, 1894, 1895, 1896, 1897, 1S9S,
ISSii, 1900. and l:"il can be supplied for 3d. each.

All remittances should be made payable to the Publisher of " Knowlrpoe.*'
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7s. 6d., post free.
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THE VIBRATION PRODUCED BY THE
WORKING OF THE TRAFFIC ON THE

CENTRAL LONDON RAILWAY.
Bv Chaui.es Uavison, Sc.D., f.g.s.

In .Tanuary, 1901, a Committee, eonsistiusj of Lord
Ka_vleii,'li, Sir J. Wolfe Barrv, and Professor J. A. Ewing,
was appointed bv the Board of Trade " to consider and
report to what extent the worldng of the traific on the-
Central London Railway ]iroduces vibrations in the ad-
jacent liniklings, and wliat alterations in the condition of
snrh working or in structure can Iw devised to remedy the
same " The report of the Committee was presented last
January, and was followed in April by the publication of a
series of appendices by Mr. A. Mallock, in which the
details of the experiments are descril>ed, The present

pa;)er contains a summary of the methods employed by
the investigators and of the results at which they arrived.

The Committee first heard the evidence of several

residents near the line, who all agreed as to the objection-

able character of the vibrations, and then ascerta,ined by-

personal observation that their complaints were well-

founded. As the disturbances arising from successive

trains were found tt) vary much in intensity, concerted
observations were also made by about a dozen per.sons

stationed in diffei'ent houses near the railway-line.

Lastly, ^Ir. A. Mallock was deputed to make a careful

study of the nature and extent of the vibration ; and it is

tfl his scientific insight and perseverance that the Com-
mittee attributes in great part the successful solution of

the problem set before them.
Experimeuts were first made with a seismometer thxt

recorded mechanically and magnified the movements of the

ground or floor ten times. But, this being found in-

sufficient, another instrument was used that recorded

photographically and had a magnifying power of 75.

The principle of this instrument is the same as that

employed in vertical-component seismographs A weight

is suspended by a spring from a supjiort connected with

the framework of the apparatus, and is so arranged that

the period of the suspended weight is long compared with
that of the vibration to be measured. When the ground
or floor moves, the weight either remains practically at

rest or its movement is shown on the record as long oscil-

lations ou which the rapid vibrations of the ground and
point of support are superposed (Figs. 3 and 4).

The essential part of the apparatus is shown in Fig. 1.

The weiglit A is a s<|uare plate of gun-metal, .suspended

by the spiral spring, L, which is attached, at the lower end.

to thf horizontal arm, K, projecting from the jilate, and, at

the upper end, to a sujiport connected with the frame.
Five steel rods, E, F, (>, H, I, maintain the heavy pliite

in a vertical position The ends of these rods are pointed,

and one end of each rests in a conical steel cup on the

plate and the othei' end in a similar cup on the frame.
The rods E, F and G compel the plate to move only in its

own plane, the rods H and I prevent it rotating or moving
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horizontally in tliat plane, -while the attachment of the

spiral s]iring, L, to a point near the outer end of the

eccentric iirm, K, places all the steel rods in a state of

loni,'itudinid coiU]iression ; so tliiit-. if the wci<,dit is dis-

jiliUiMl ill ;i vertical direction, its return is resisted hy the

thrust of the rods. The resultant force tending' to restore

the \veifj;ht to its former position depends, therefore, on the

difference between the force exerted hy the sprint,' and the

vertical comjionents of the thrusts of the rods. By
adjusting the jwint of contact of the si>ring and the arm
K, this resultant force, and consequently the period of

oscillation of the plate, can be varied at pleasure. It was
found by trial that a period of abo\it four-fifths of a

second was lon^' enoun;h compared with the period of the

vibrations to be measured, while a much lons^cr period

rendered the instrument too sensitive to changes of

temperature.

The movements of the plate A with respect to the frame
were registered photogra]}hieally, in order to avoid the

friction introduced by a mechanical recorder. For this

purpose, a microscopic objective, M, one-si.vtli of an inch

in focal length, was fixed to the plate with its axis hori-

zontal. In its focus was placed a horizontal quartz fibre

mounted on a stage, S, attached to the frame (see Fig. 2,

the stage being omitted from Fig. 1 to simplify the

diagram). Close to, but just short of, the conjugate focus

of the objective, a vertical cylindrical lens, N,is fixed, and,

the field of view being illuminated by a lamp at L, there

aj)pears in the focus of this lens a moderately bright

Vertical line on which the image of the quartz fibre is cast

as two black dots on either side of a very briglit dot. The
photographic plate, P, on which this image is received,

was made to travel at the rate of about three-quarters of

an inch a second ; and the records on the negative, when
developed, showed a dark line bordered by two narrow
bands of nearly clear glass. The sensitiveness of the

instrument may be judged from the fact that records are

clearly given of every footfall of a horse when distant

more than a hundred yards.

The vibrations in the ground are due to the passage of

a heavy load over an uneven surface. If the wheels were
absolutely circular and the rails perfectly straight and
yielding uniformly throughout, there would be nothing to

cause vibration.

In the Central London Railway none of these conditions

is fulfilled. The rails are bridge rails in continuous contact

with the sleepers, which are laid longitudinally and are

bedded on concrete. This, however, varies in depth, being

least over the flanges of the sections of the tube. In the

intervals between the flanges, the yielding under a heavy
load would therefore be greater than in the parts imme-
diately above them, and this may in time cause a per-

manent unevenness of the rails.

But a far more serious cause of vibration lies in the

fact that the rails, when first laid, are not straight. As
they leave the rolls the rails are curved, and they are then
bent under a press at intervals of two or three feet until

they api'car straight to the eye of the trained workman
superintending the operation. This process naturally

results in a slight waviuess of surface, the average de])tli

of the hollows being, as Mr. Mallock ascertained, about

/„th of an inch, and the average distance from crest to

crest between H and 2^ feet, though deeper hollows and
longer waves are of frequent occurrence.

Again, the wheels, thougli nearly circular at first, wear
irregularly owing to the action of the brakes, the slipping

which takes ])lace in travelling round curves, and jiossibly

to variability in their material. A pair of wheels that

had been in use for more than a year on the Central

Tjondon Railway were found to be worn so that they were
no longer concentric with the axles, and were also furrowed

by minor waves.

There must thus be a continual variation of pressure

between the wheels and the rails, and it is to this that the

objectionable vibration is due. It is important to notice

that the variation of pressure is not proportional to the

total load on the wheels, but to that part of it which is not

supported by springs. Tlie part of the load which is

spring-borne moves practically in a horizontal line

without following the inequalities of the rails, so that

there is no change of any consequence in the pressure

corresponding to it.

The diagrams obtained by Mr. Mallock show that the

vibrations of the ground caused by the passing trains are

of many different periods. When, however, they are large

and well-marked, the principal vibrations are found to be

nearly constant in period, whatever be the speed of the

train and however greatly the inequalities in the rails may
vary in length. The reason of this is that the irregular

impulses given by the uneven rail-surfaces set uja an

oscillation of the rails and the road-bed, which may be

regarded as an elastic support loaded with that part of

the mass which is not carried by springs.

Mr. Mallock remarks that a somewhat similar case is

that of a ship rolling at sea. Whatever be the period of

the waves, the period of rolling is very nearly that of the

ship when it rolls in still water. It is only when there is

a long succession of equal waves that the period of the

rolling approaches that of the waves.

A few of the diagrams obtained by Mr. Mallock are

given in Figs 3 and 4. Those in Fig. 3 represent the

vibration caused Iw an ordinary locomotive and train in

No. 19, Hyde Park Terrace, the upper curve, a, showing the

vibration in the basement, and the lower, 6, that on the

first floor. The vibrations caused by the train have

a period of about y'j of a second, and are, in both cases,

superposed on longer waves due to the swinging of the

heavy plate of the vibration apparatus. These diagrams

show very clearly how much greater is the vibration on

the first floor than in the basement of the building.

The series of curves in Fig. 4 were obtained on the

ground floor of No. 13, Hyde Park Terrace. The first

Fia. 3.

three diagrams, a, h, c, represent the vibration caused
resjiectivcly by an ordinary locomotive and train, a geared

locomotive and train, and a multiple unit train. The last

curve, d, shows the vibration of the same floor caused by a

single light stamp of the foot. The effects of the differt ut

kinds of trains will be referred to afterwards. For the

present it is worth noticing how much the vibration

caused by stam])ing exceeds that due to any one of tin?

trnins.
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The smallness oi the objectionable luotloii is, indood,

one of the most remarkable results of the Coniiiiittee's

work. In the solid stone or floors in the basements and
iu the walls themselves, it was rarely found to exceed one

t)r two ten-thousandths of an inch, and such vibrations,

even if they recurred at the rate of fifteen jier si'cond.

would in all probability escape notice. On the hii^rher

floors, however, the vibrations have an amplitude which

may amount to, though it seldom exceeds, a thousandth
of an inch, but it is these vibrations, when their frequency

is over ten per second, that have given rise to such wide-

sjtreail annoyance.

From the last curve, il, in Fig. -t, it is clear why the

vibration should be so much more marked on a floor than
in the basemerit. We see that, after a single stamp, the

floor makes quite a large number of oscillations before

it comes to rest again ; also, if we compare the curves

(I and (7 ui tlie same figure, that the period of the floor's

oscillations is very nearly the same as that of the jirincipal

vibrations caused by passing trains. Thus, vibrations,

which iu the basement are almost imperceptible, produce
increased vibrations in the floors, just as one particular

string of a jiiano resounds if the corresponding note be
struck outside. How greatly the original vibrations may
be magnified depends on the closeness between their period

and that of the floor's oscillations, and on the slowness
with which the latter die awa}'. If the two periods happen
to be nearly equal we may, therefore, expect a well-made
floor to have larger vibi-atious set up by resonance than
one in which the boards are unsound and the joists

badly laid.

In the opening inquiry, nearly all the witnesses

e.vamined by the Committee stated that at times unusually
severe vibrations were felt. As these might be caused by
particular trains, simultaneous observations were made
during one day iu three houses from which rom]ilaints had
been received. The observers were placed iu different

rooms and noted the times at which the vibrations were
felt, and also estimated roughly their intensity, whether
severe, moderate or slight. Others in the two adjoining

"MAAAAn/Xr

stations noted the times of arrival and departure of the

trail's, which were about 300 in number. The analysis

of the observations showed :
" (a) That it was a matter of

chance whether a given locomotive caused a slight or a

severe vibration
; (6) That trains causing severe vibra-

tions in <me hoiise were as likely as not to cause only

slight vibrations in the others
;

(c) That different rooms

in the same house were not similarly affected by the same

train." Owing to the waviness of the rails and wheels,

and to the random manner in which the irregularities of

the wheels meet those of the rails, it is evident that there

may be times when several jiairs of wheels may be in a
position to cause strong vibrations simultaneously.
When the work of the Committee began, the locomotives

in use weighed forty-four tons, and the unspriug-borne load
on each of the foiu' axles was eight tons. Two new types

were constructed shortly afterwards, and were tested by
the same methods. In the geared locomotive the total

weight is thirty-three tons, and the unspring-borne load is

reduced to two-and-a-half tons per axle; in the multiple

unit train, the weight of the motor carriage is twenty
tons, ami the unspring-borne load is still further reduced
to oue-and-three-quarter tons per axle.

The effects of the different types of trains are well

shown in curves a, b, c, of Fig. 4, which correspond to the

ordinary locomotive, the geared locomotive, and the mul-

tiple unit train respectively. The vibrations produced by
the traius are, in fact, roughly pro]iortioual to the unspring-

borne load, for those due to the ordinary locomotive are

more than three times as great as those of the geared

locomotive, aud more than five times as great as those

produced by the multiiilc unit train.

The observations made on the dift'erent trains also prove

that the locomotives are almost entirely responsible for

the disturbances, for the passenger coaches were prac-

tically identical in all the trains, and the only vibrations

that could, as a rule, be registered when the multiple uuit

train passed were those made by the motors at either end.

The chief practical results of the enquiry may therefore

be summed up as follows :— (1) One method of lessening

the annoyance would be to reduce the irregularities of the

rail-surfaces ; aud, if a very high speed (say, of a hundred

miles or more an hour) were ever employed, this improve-

ment might become necessary. (2) But with the speeds

at present customary, by far the simpler and more
efficacious method is to reduce the unspring-borne load in

the locomotives to less than two tons per axle.

ACROSS RUSSIAN LAPLAND IN SEARCH OF
BIRDS.

By Harry F. Witherby, f.z.s., m.b.o.u.

III.—FOREST, LAKE AND MARSH.
OuE first camping place in Russian Lapland was
charmingly situated on the shores of a little lake the

surface of which sparkled brightly in the sun, while

behind us the river shone white and foaming every here

and there between the birch and pine trees. There were

a good many birds about. The golden-eyed duck,* the

most n^^merous duck iu this country, aud very good eatiug,

was plentiful but not easy to get. One which we shot

fell in the water, and being caught by the stream flowing

through the lake was hurled down the river at a furious

pace. One of our men ran after it, but returned perspiring

in half-an-hour or so, saying that it must by now have

reached Kandalax. The pretty three-toed woodpecker,t

which is much like our spotted woodpecker, but has only

three toes, and a yellow head, was common, aud although

apparently not nesting was often to be found in a hole iu

a tree. Like our woodpeckers, these birds no doubt roost

in holes of trees, and as we found them in these hiding

places at all times of the day and night, we came to the

conclusion that iu these regions birds, like men, take their

sleep just when they feel they need it. Other birds were

about all night—the familiar cuckoo J was often to be

* Clangtda glaucion. + Ficoides tridactylus.

1 Cuculiis canorui.
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heard iit midnifj^ht, and Siberian jays* would wake lis up
witli Ihoir harsh cries at one or two in the ninmiuf;. These
javs were not so large or so brij^htly coloured as tlie birds

which worry our ^ame-keejiers at home, but tln'V were
most amusing. They used to come round our tent door
while we were asleep and fight over the carcases of birds

whicli had been skinned. Like English jays they were
fond of imitating the notes of other birds, and one night

Sketch Map, showing route across Russian Lapland from
Kandalai to Ekaterina Harboui'.

we were waked up by a loud cry like a hawk. My friend
snatched ujj his gun and, creeping to the tent door, shot
the bird. Regardless of mosquitoes he went out with
bare feet to pick up the " hawk." The mosquitoes drove
him back at a run in no peaceful state of mind. " What

• Perisoreut infaustus.

was it," said I. " Jay," said he rubbing himself all over
and beating the mosquitoes out of the tent with a towel.

AVhcn the tent was clear and the mos(|uito curtain

adjusted, I endeavoured to console my friend with the
suggestion that the jay had fully atoned for its misplaced
facetiousness.

As already explained we were forced to hurry through
the country rather more quickly than we had wshed
owing to the difficulty of transporting and obtaining food.

Had we not set our men to work to fish on everj' possible

occasion, and had we not shot every eatable bird we could
find our time would have been considerably shortened.

Luckily for us a certain amount of fish was always
obtainable, and we made many a meal off salmon and
salmon trout. It will shock the scientific fisherman to

bear how we caught our fish, but we were not ashamed of

poaching tricks because our time was fully occupied with
collecting birds, and when we fished food was our only
object and the c^uicker it was obtained the better. For
instance, there were a fine lot of salmon in the little lake

by which we first pitched our tent. As we rowed along
this lake on our way north a line with a minnow at the
end was let out. We soon had a 15 lb. salmon on, and
he was quickly hauled alongside. We had no gaff handy,
but a sheath-knife answered the purpose, and certainly the

fish tasted very well when we fried him a few hours
afterwards.

At the other side of the lake the river, swollen by melting
snow and ice, was rushing down in a torrent so that we
had to land and walk. While our men were loading up
we found a lovely little dome-shaped nest of a willow-wren,*

which is familiar in England as a summer resident, and
is a great traveller for so small and slender a bird. The
track, which led through very marshy ground, was com-
posed of wooden " trottoirs," made of split logs laid down
side by side. Wherever there was a track across boggy
land in this covintry it was always made in this way, and
when the logs were new walking was easy, but as often as
not the logs were rotten or insecure. A loose log was
annoying, aud difficult to walk along gracefully, because
the rounded side was laid on the ground, and an incautious

step made it turn, and then there was disaster, especially

when the bog was deep. At first we were always coming
to grief on these " trottoirs," and our heavily loaded
carriers disliked them exceedingly, although they were
always quick to make merry over the misfortunes of others.

However, experience teaches one even to walk along
rounded planks over a marsh in safety, and in any case

we consoled ourselves with the idea that these bogs were
frozen not far below the surface. That such was the case

we doubted afterwards, when several places had been
tested uninteutionaUy, and no bottom could be discovered.

During our first little walk over these " trottoirs " we
saw many bramblingsf in the birch trees about the track.

These birds are only known in England in the winter, but
in the north they may be said to represent the chaffinch,

being very much like that bird in form and size, as

well as in habits. The nests of the birds are almost
identical, although perhaps the brambling's is not quite

so neat as that of the chaffinch, while their notes are much
alike. Another bird which continually reminded us of

England was the red-spotted blue-throat. J: This bird

takes the place in these regions of our robin, to which it

is nearly allied. It is very robin-like in its attitudes and
movements, but instead of the red breast it has a shining
blue throat with a red spot in the middle of the blue.

This red sjjot distinguishes the northern blue-throat from

• Phylloscopus (rochilus. f Fringilla mQiitifringilla.

X Ct/anecula s«(ci(a.
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its southeru represeiihitive, which liears a white spot ou
its 1>hie throat. The voung l>inl has no blue on the

throat, and its brown spotted plumage is much like that

of a voung robin.

Our walk cndetl ou the shores of another small lake—
the Penozero. Crossing this and marching again, this

time through a pine forest, we reached Saslu'ika, where
there is a "station " of two or three huts at the southern
side of the great Imaudra Lake. We were told here that

the ice had cleared from off the lake only five days before
we arrived (viz., on July 4th), so that all our delays
counted little because we could not have proceeded further
until the ice had left the lake.

At Sashe'ika we came across the first Lajips we had seen
in this country. There were two very small men with fair

hair and fair skin and two women with rather dark com-
])lexions. They lived in a small turf hut of the meanest

A Lapp Hut made of Turf.

description. During our journey across Russian Lapland
we saw very few Lapps, as they leave the interior of the

country during the summer and proceed to the coast for

the fishing. At two places we found large Lapp villages

of wooden houses entirely deserted. During this time of

the year the reindeer are turned adrift, and most of them
find their way to the coast or to high ground in order to

escape from the swarms of mosquitoes which make the

interior of the country unbearable for man or beast during
the summer.
The few people we saw, whether Lapps or Russians,

and the few animals, such as a dog or two and one cow,

were utterly miserable owing to the mosquitoes and biting

flies, and it is not surftrising that the coimtry is deserted

even for this reason alone. The Lapps appeared to live

almost entirely ou fish and a sort of bread which is made
from pounded birch bark with a mere sprinkling of flour.

No vegetables can be grown in the country, and it is

possible that this birch bark bread serves as a substitute.

The huts of these i)eople are extremely dirty, and those
we examined were always strewed with fish bones and old

reindeer horns.

Finding very few birds about Sashcika we soon decided
to leave, and loading our baggage and ourselves into a small
boat we started up the great lake, rowed by two men and
two Lapp women, and steered by a Lapp man. We bad

got well into the middle of the lake when a thick fog
came down and every landmark disajipeared.
None of us wished to wander about the lake for hours

in the fog, and the old Lapp at the rudder was sure he
could steer to the shore, but no land appeared, and we soon
discovered by a fishing line which wi' had out astern that
his course was by no means straight. After a search in the
baggage we found a comjiuss which showed much to our
amusement that the boat was describing circles. We tried

to explain this to the Lapps, but they did not understand
a compass. The fishing line, however, convinced all.

except the old mau who was steering, that we were not
going straight. He was perfectly certain that he knew
where he was going and refused to give up the rudder.
Everyone in the boat began shouting directions to him,
and it was some time before we could calm the people
down and induce the old man to give up the rudder. As
I knew that we wanted to go somewhere north I thought
it safest to steer due north, and in about half an hour we
reached the shore. As luck would have it there was a
large rock which the Lapps immediately recognised just

where we struck the land. It ajipeared that we had come
ou in the right direction, and even the old Lapp looked
ou me with suspicious awe.

According to Gregori they thought the rock was marked
ou the compass, but I rather think they suspected magic,
lucau.sc they could not undcrstaud how anyone could steer,

especially in a fog, without a jirevious knowledge of the
country.

Wliile the fog lasted we sjient the time in sleep, and the
next day we rowed on and reached Bella Guba, where there
was a telegraph station, a jwst house, and one other house,
besides a few Lapp huts. Along the shores of the Imandra,
ringed plovers* were nesting, while a few other birds such
as Arctic terns and gulls, generally seen by the sea, were
flying about. The dense pine forests which stretched away
from the lake to the rocky hills beyond were distressingly
destitute of bird life. Now and again one would catch
sight of a capercaillie,t a Siberian jay, or a pine grosbeak,

J

but a walk in this dreary forest yielded little to com-
pensate one for the torments inflicted by the mosquitoes.
There were a few islands in the lake, but these were
unproductive of birds, and we found that the marshes and
the country just round them were the only really profitable

places in which to spend our time.

We visited every marsh we could find or hear of near
our route, and it was curious that while most of them
contained many interesting birds, every here and there was
one which was practically deserted, although apparently
it differed in no way from the others.

All travellers in Lapland have something to say about
biting flies, while a few in relating their experiences have
been so led away by the subject that they have devoted a
full two-thirds oi their narratives to descriptions of mos-
quitoes and flies. Caution is therefore necessary in dealing
with so tempting a suljject, and I shall endeavour to

confine my remarks on these interesting insects to the
effect they had upon our work with the birds. Walking
anywhere in a damp hot climate is somewhat of an effort,

and soft mossy ground like most of that we had to travel

over is notoriously tiring. Add to this the necessity of
wearing continually thick gauntlets and a mosquito veil,

and the conditions are not pleasant. But it was on the
marshes that we were chiefly tried. There, mosquitoes
and flies were in clouds, the damp heat was increased, and
one sank knee-deep in moss and mire at every step. Under
these circumstances, it will be understood that it took us

* AegialHis hiaticula. t Tetrao urot/allits.

X Pinicola enueleator.
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soiuo time to explore a, marsh thoroughly. We shall never

forget one awful day, just before a heavy Ihunderstorm,

when we attempted to work a marsh, but found it quite

iuijiossiblc to go more than twenty yards without resting.

A veil is a great handicap in shooting, and we found it

oxoeedinglj' difficult to judge distance at all accurately.

As to trying to watch "birds in this country it was impos-

sible to do so for any length of time. Directly one
stopped, such a cloud of mosquitoes gathered round one's

head that after a short time the bird could not be seen

through the binoculars owing to the dense swarm of

mosquitoes which quickly gathered in front of the glass.

The only times in which we were able to discard our
veils was after we had beaten the mosquitoes out of the

tent and tixed the curtain over the doorway, and when
after rowing hard for half an hour or so on a laiic we left

the mosquitoes behind. At one place, however, -we met a

tiny black fly in such myriads that it became a far worse

pest than the mosquitoes. This fly was so small that no
ordinary netting would keep it out, and it crept into our
hair and ears and bit so hard and unpleasantly that to

escape going mad we were forced to pack up our things

and run away from the place. But no one who has been
in the interior of Lapland in summer can adequately
describe the blood-sucking insects which possess that

country.

As I have mentioned, the birds found on the marshes or

bogs were the most interesting. They were chiefly wading
birds, and many of them were well known to us as autumn

A Late in Russian Lapland.

and winter visitors to the shores and mud-flats of the
English coast. The most common of these were whim-
brels* and wood sandpipers,! while greenshanksj and
reeves,

1
1
although not so numerous, were to be found on

most of the marshes. All these birds appeared to have
young ones, and in different ways showed intense anxiety
for the safety of their broods. The whimbrels and green-
shanks wore always shy and cautious, keei^iiig at a respect-
ful distance and uttering loudly and incessantly their wild
clear notes. It is remarkable that all these wading birds,
when at their breeding stations habitually perch on the
trees. The whimbrels used to perch on the tops of the fir

• Numenitis phceopus. f Totanus glareola. J Totanus canescens,

II
Machetes pugnax.

trees, and fluttering their wings, perhaps to help keep their

balance, would whistle defiantly at us. In the same way
all the wading birds we found perched on the trees when
disturlw'd.

Every marsh, and indeed every little bit of marshy
ground, had a pair or two of wood sandpipers. Most fussy

and noisy little birds they were, and so bold and tame that

when once disturbed they were difficult to get rid of, and
would follow one about so closely, crying anxiously all the

while, that one's presence soon became known to every

other bird anywhere near. It was curious that although

reeves were as tame and almost as jtlentiful in some places

as wood sandpipers, we never saw a single ruff, as the male
bird of this species is called. The ruff is polygamous, and
it is well known that it keeps apart from its harem when
the young are hatched, and takes no share or responsiV)ility

in the troubles and anxieties connected with its offspring.

Had there been any ruffs in the country we explored, I

think it hardly likely that we should have missed them, so

we must conclude that they had entirely deserted their

families and had already gone south towards their winter

quarters.

From Bella Guba we rowed up the Imandra to Raz-
navolok near the northern end of the lake, aud on some
marshes near there we made our best fiuds. Hitherto we
had found birds in this country by no means plentiful, and
we had been much disappointed by the dearth of bird-life

in the enormous pine forests as well as on the large lakes.

AVe were delighted, therefore, to find a great many in-

teresting birds breeding on these marshes. Two of these,

the bar-tailed godwit* and the dusky redshank,! especially

attracted our attention, because it had lieen the privilege

of but a very few ornithologists to see these birds in their

breeding haunts. On arriving at the largest marsh, which
was a five-mile trudge from our camp, we a.n-anged to

work it systematically. However, we had scarcely gone a

hundred yards before a strange bird rose from the ground.

We shot it and found with delight that it was a male
bar-tailed godwit in the beautiful summer ]dumage—

a

dark black-brown back and a rich salmon pink breast.

A long search near the place from which the bird

had risen was unproductive—neither its nests nor the

eggs or young could be found. Then we began to search

the marsh rather excitedly, and some way off we put up
the female—not nearly so brilliant a bird, with a buff

rather than salmon-coloured breast. Still we could find

neither eggs nor youug, but at this we were not very

surprised, as these marshes or bogs are profusely over-

^Tdwn with a multitude of creeping plants, such as dwarf
l)irch aud many kinds of berry-bearmg plants besides

thick moss and grass. That day we found many other

birds but saw no more godwits. Ou the next day, however,

we carried out our plan of a systematic search aud were
successful in finding two more pairs of godwits. The
male bird of one of these pairs was evidently in charge of

youug ones. He flew round us in a very excited way, and
although he did not hover about quite near us, like the

sandpipers and reeves, he often swooped over our heads
with a rush and then retired to a tree-top and quivered his

wings and called loudly. We kept as quiet as the flies

would allow, and after a time I saw four youug birds

running on the ground at some distance. I rushed madly
to them ; they separated, and 1 managed to keep only two
in view. These I caught, but the other two had hidden
themselves so cleverly and quickly that although we knew
just where they must be we could not discover them, and
of course nothing would make them budge now that

danger threatened. Young birds which run as soon as

• Limosa lapponica. Totanus fuscus.
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tht'v are hatcheil know well the value of Iviusj flat ami
keejiiDg as still as stones. My frieud afterwards found a

lirooJ on another marsh, but these he failed to catch. In

e;u-b case the male bird was evidently attendiu^jj to the

youui; as the female was found at some considerable

distance. These youuj^ jrodwits were only a few days old,

and were beautifully clothed with soft down. They were

ijreat prizes, and, as fur as I know, were the first youni,' in

down of the l)ar-tailed godwit to lie obtained, although

Mr. H. L. Popham has told me that he had seen them on
the Yeuesi in Siberia but had been unable to secure any.

The dusky or spotted redshanks whicli we discovered on

several marshes were an even greater find than the godwits,

because since the days of Wolley, fifty years ago, our
knowledge of their breeding haunts has scarcely increased.

Unfortunately, however, we were unable to discover either

eggs or young of these birds notwithstanding hotirs of

watching and searching. One day I watched a pair for

two hours without success, so wary were the birds. When
I was in view they flew wildly about uttering an incessant

rattling alarm note. Then when I got well hidden they

kept ijuiet, and ray hopes of their visiting the nest or young
revived. I waited. Meanwhile the mosquitoes gathered in

thicker and thicker swarms. My veil getting disarranged
touched the back of my neck, and immediately a cluster of

mosijuitoes settled on the place. A slight exclamation and
an incautious movement were impossible to jjrevcnt, and
the ever-watchful redshanks saw me and began their fuss

and clamour again. I had to change my hiding-place and
wait again, but the mosquitoes and the redshanks always
got the best of it in the end, and at last I came to the

conclusion that my patience was insufficient for the task.

The majority of wading birds have a larger and richer

plumage in summer than in winter, and these redshanks
were of a very handsome sooty-black colour spotted with

white. Their beaks were dark, but their legs were of a

neh crimson, which looked very bright against their black

breasts.

To find these two species in their breeding haunts was
especially interesting to us, because both birds visit the

shores of England on their migrations in spring and
autumn.

VEGETABLE MIMICRY AND
HOMOMORPHISM.-III.

By Rev. Alex. S. Wilson, m.a., b.sc.

Quite a number of flowers have distinctly mimetic
odoui's. It can hardly be doubted, for example, that

the ofiFensive smell of the carrion flowers Siapelia,

Aristolochia, Aru7/i, Eafflesia, and others, is more effective

in promoting cross-fertilisation because of its resemblance
to the odour of putrid meat. So completely are the

flesh flies deceived that they often deposit their eggs

on the petals of caiTion flowers.

FtBtid odours occur in Bryonia, Helleborus, Geranium,
Stachys, Ballota, Iris, and other genera. The odours of

others have a curious resemblance to the smells emitted
by certain animals. Hypericum hircinum and Orchis

hirciria are bad smelling flowers with an t)diiur

lesembling that of the goat; Goriandrum sativum has
the foetid smell of bugs, while the hemlock, again, emits
a strong odour of mice. Along with these may be
mentioned Adnra, the musk orchis, the grape hyacinth
and other musky scented flowers.

The resemblance in smell between these flowers and
the secretion formed in the scent glands of the musk ox
and other animals is, to say the least, a remarkable
coincidence. Possibly flies which accompany cattle may

bo attracted by smells of this description. Very curious

also is the vinous smell of (h'liaiitlu'. and the brandy-like

aroma of tho yellow water lily Nuphur, hence called the

brandy bottle. Ethereal oils exhaled by plants while

attractive to some animals seem to repel others; the

scents of sweet-smelling flowers such as Daphne, Thymus,
Marjoram, Melilotus, and Gymnademia, though grateful

to bees and buttci-flies, appear to be distasteful to

niminants. Kemer states that in general the latter

avoid all blossoms; even caterpillars do not readily

attack the petals of their food plants. Odour may there-

fore bo protective or attractive or it may bo of use in

both ways. Tho same remark applies to colour, which

may serve either to attract or repel ; the richly-

vai'iegat-ed leaves of the Indian nettles—species of

CoUeus—and tho tinted foliage of Bcfjonia and Geranium
may possibly escape injury on account of the general

resemblance to coloured blossoms. Instances in which

one plant resembles another in smell are not very com-

mon in the flowering class, though cases do occur like

the garlic mustard and apple-scented Salvia. Resembling
odours are much more frequent among fungi.

Characteristic examples of homomorphism are seen in

the resemblances which many species of Euphorbia

present to the Cactus tribe and in tho pollen-masses of

the Oixhids and Asclepias. In Britain the order

Euphorbiaceae is represented by the box, dog's-mercuiy

and the sun-spurges, but many foreign species have quite

a different appearance and agree with the Cacti in their

Fio. 10.—Cactus and Eupliorbia.

aborted leaves and green succulent stems. The globular,

columnar, and angular forms give to both a peculiar
aspect by which they are broadly distinguished from all

other vegetable types; and yet in systematic position

these two orders stand far apart. The nearest affinities

of the Euphorbia; are with the Urticaceae and other
orders having incomplete flowers, while the nearest allies

of the Cacti are the Cucurbitaceae and other calycifloral

orders. Succulent stemmed plants of this description
are specially adapted to an arid climate, and it is not
uni-easonable to suppose that the similarity between the
Euphorbiae and Cacti results from the long-continued
;:ction of similar external conditions upon similarly
endowed tissues.

Sir W. T. Thiselton Dyer, in a paper on " Mimicry in

Plants" (British Association, 1871), adduces as examples
of homomorphism, or as he terms it, homoplasm, a
climbing composite of South America, Mutesia specinsa,

having the leguminous habit and closely resembling the
European Lalhyrus maritima; three ferns, natives of

different parts of the world, which are indistinguishable
in the barren state; and a species of Veronica in New
Zealand; the latter so resembles a coniferous plant that
it misled Sir W. Hooker.
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The Australian Casuarinas are dicotyledons with in-

complete flowers ncaa-ly related to the oak, hazel and
other Cupiilifcnc, but in outward appearance they have
ji singular rescnibhuicc to the horse-tails, a family of

Ci-yptoganis. One of the Gyinnospcrnis or cone-bearing
class. Ephedra, also presents the same jointed appearance
so chai-actcristic of EquisotacesD. Growing in marshy
2)laces very like those affected by Ecjuisctum we find

the mare's-tail Hippurus, a lloweriug plant allied to the

fuchsia family, but externally resembling Equisctum in

its joiuted stem and whorlcd leaves. A familiar instance

of the same kind of homomoi-phism is Equisetum
sylvaticum, which might almost be describeid as a
Lilliputian fir-tree. The little flowers of the water
ranunculus look exactly like miniature water lilies, while

the leavas and flowei-s of Caltha palustris simulate the
3'ellow Nuphar so much that in some parts of the counti-y

tho niai'sh marigold is known as the water lily. The
specific name of another aquatic, Lymnanthemum
nympheeoides, indicates a peculiarity of the same kind.

Leaf analogies are frequent among aquatic plants ; the
orbicular, peltate leaf of the Indian cress occurs, for

example, in Hydrocotyle, Nelumbium, and others. The
brown colour and translucence of Potamogeton, Myrio-
phyllum, and other aquatics assimilates them to the
fronds of Laminaria and other sea/-weeds.

A grass-like habit is jissumed by some plants. This
character is attained in the meadow vetchling by the
arrested development of the compound leaves and the
great elongation of the stipules. Lathyrus nissolid has
the stipules minute, but the phyllodes or leaf-like petioles

impart the grass-like character. A moss-like habit occurs

in a gi-eat many plants belonging to very different

families ; thus the wiry stem of the purging fiax reminds
one of the seta of Polytrichum. The pearlwort of the
walls, many alpine saxifrages, pinks and gentians
present very much the appearance of mosses, e.g., Silene

acaulis, Saxifraija hrijoides, S. hyp/ioides, Arenaria
Cherleri, etc. The sub-species Sasifraga geum is another
instance of leaf analogy. The generic name Pyrola
implies a fancied resemblance of the leaves to those of

the pear tree. Certain leaf-types frequently recm-, the
rough broadly tongue-shaped leaf of the bugloss, for

example ; hence the very common specific appellation
echioides. The nettle-leaved bell-flower reproduces the
foliage of Urtica and the sinuate leaf of the oak appears
m several families.

Parasitic phanerogams like RaiBesia commonly exhibit

the fungoid character in a marked degree. In their

internal structure, colouring, spore-like seeds and other
characters they approximate closely to the fungi.

As examples of homomorphism between closely allied

plants may be mentioned the false oaf, which so sti'ik-

ingly resembles the cultivated species, and the barren
strawberry which agrees so closely with the cultivated

strawberry of our gardens.

Although it is only under exceptional circumstances
that a flower is likely to mimic another blossom closely,

vague general resemblances are not uncommon, such as

that between the rock-rose and the buttercup, between
the milkwort and the vetch, and between Vei'onna and
Valerianflla. A more decided likeness is that of the
garden annual Collinsia to the butterfly blossoms of the
pea tribe. This case is peculiarly instructive since the
homomorphism can be traced to its cause. The butterfly-

like corolla of Leguniinosae seems to have afforded the
pattern after which a number of flowers have been
fashioned. The Papilioneicese are adapted to bees rather
than to butterflies or moths, and the pollen is applied

to the ventral surface of the insect, the essential organs

being lodged in the carina or pouch formed by the two
lower petals. Among the Scrophulariaceas to which
Collinsia belongs, the pollen is commonly sj)riukled on
the back of the insect and the stamens are contained in

tho upper lip of the corolla; Collinsia is, however,

exceptional ; the stamens are lodged within the lower lip

of the flower and the pollen is applied to the ventral

surface of the bee. Here the resemblance is evidently

an indirect result brought about by the flowers of

Collinsia having become adapted to the same class of

visitors as the Papilionaceje, via., bees which have their

brushes or baskets of hair for collecting pollen attached
to tho abdomen. Where two flowers are very like insects

are apt to mistake the one species for the other, but
this will not involve any loss if there is an interval

between their periods of blossoming.

Homomorphic likenesses are not confined to homo-
logous organs; an organ of one plant sometimes exhibits

a very perfect resemblance to a different organ on some

Fio. 11.—The Duti'liman's Pipe CAristolovhia siphoj.

other plant. Thus Aiistolochin sijiJw. the Dutchman's
pipe, so-called from the appearance of its flowers, has a

perianth singularly like the leaf-pitchers of Nepenthes,

and the curious little nectaries of Nigella might almost

be compared with the pitchers of the Australian

insectivorous plant Cephalotus. As the Aristolochias

imprison small dipterous insects in their flowers these

instances favour to some extent Henslow's idea that

Fig. 12.

—

Slower of Aristolochia Fio. 13.—Pollen-masses
trilolata and Leaf-pitcher of of Orchid and Asclepiad.

Nepenthes.

both flowers and pitchers have arisen by hypertrophy

caused through the irritation set up by insects.

The homomorphism of the Orchids and Asclepiads is

specially interesting because of the objection to the

Darwinian theory that it presents; the coincidence is

certainly unfavourable to the notion of fortuitous

variation. The orchids and asclepiads agi-ee in producing

pollinia or pollen-packets which attach themselves to the

bodies of insects and are thus transferred from flower

to flower. Although the two flowers differ gre*tly in
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the details of their structure, this curious contrivance

occurs in uo other plants, and yet the two orders are

as widely separated as it is possible to conceive. The

orchids belong to the petaloid division of ^[oiiocotylc-

dons; tlic Asclcpias to tlic ganiopetalous Dicotyledons,

with their nearest allies among tho Apocynaccre, of which

Vinca. tho periwinkle, is perhaps tlic best known rc]ne-

sciitative. Although agreeing in this one particular the

llowers are in other respects very dissimilar.

to time as to the condition of the

I'la. 1 1.—Flonir ol' CoruiK'^ii. ¥ia. 15. — Birtliwort

and Cufkoo-piiit showing
inouse-tnip hairs.

Another cunlnvanco lor pruuioting cross-fei-tilisalion

met with in unallicd plants is the mouse-trap arrange-

ment of hairs by means of which small flics arc tem-

jjoriu'ily imprisoned. This arrangement occurs in

Aristolochia, in species of Arum, and in Ceropegia, one
of tho Asclepiads. In these plants where tho affinities

are so slight the mechanism for fertilisation must in

each case havo arisen independently.

ASTRONOMY WITHOUT A TELESCOPE.

By E. Waltek Maunder, f.r.a.s.

XIV.—SUNSPOTS AND MOONSPOTS.
Theke are only two of the heavenly bodies which present

a disc to our ordinai-y sight, and the surfaces of which
therefore we can study without a telescope. These are the

sun and moon. It is, of course, absolutely impossible that

observations thus made can in any way compete with those

made even with a hand-telescope; but from the point of view

of astronomical drill, as distinguished from actual re-

search, there is something to be said for systematic work
upon both of them. Jupiter as seen with a magnifying
power of 50, Mars at a mean opposition with one of 100,

Saturn with a similar magnification, present about the

same apparent disc as the sun and moon do to the naked
eye. There is therefore a real interest in seeing how
much detail the eye can actually detect upon these two
bodies. The limit of magnification possible for the

efiicieut study of the surfaces of the planets is .soon

reached, and when an astronomical artist has done his

very best with Ju]iiler, Mars, S.iturn or Venus, it would
bean invaluable check upon his work if he wnuld draw
the sun or moon with a little inslrumi'Ut, and such small

mat,'nidcation as would give to its disc the same apjiarent

diameter as had been presented to him by the planet

which he had just been studying. The "Bulletin de la

Socii'tc Astrouomique i.le France ' for lyOO contains a
large number of such drawings of the moon, made with

tho naked eye, and the study of them is. I think, most
instructive on a number of jioitits which have been in

dispute from tinit

surface of Mars.

The defining power of the eye is, of course, Inniteil, and

when a number of details are presented to it, each one of

which is much too small to be dctiucd separately, all together

]iroduce a composite effect to which each detail has con-

tributed in its own degree. Now there certainly is a wide

Phutouranli of Moon, taken 1902, Ma
a. M. T.

22, lOh. 37m. 24s.

difference in the manner both iu which such composite

effects will impress different persons, and iu the way iu

which they will record them in a drawing. And the study

of the " personality " of astronomical artists should be a

necessary precedent of the comparison and collation of

theu- drawings. The drawings of the moon, given iu the

volume referred to above, are as widely different as any set

of drawings that were ever made of Jupiter or Mars. Yet

a careful comparison of them with maps or photographs

of the moon will show that the forms given are not

imaginary, but have a real relation to the lunar markings,

whether they be skilfully represented or no.

The following drawmgs are from the volume cited,

pages 277 and 505, and are by M. Maimce Petit and

M." E. M. Antouiadi respectively. The latter comments

on his observations as follows :

—

" It is a work of immense dillioulty to draw correctly all tin"

" details that the naked eye rcveaU to us on the sui-face of our
" satellite. It is aliovc all things necessary that the muon slioidd

• be seen with the greatest [lossiblc distinctness. If the eye is nut

' oninietropio it will he necessary to select glasses of the proper
" focus bringing the focus exactly on the retina. The acconi-

•' panjjng sketch which is oidy a rough apjjroximation was obtained
" with concave ghisses, allowing at least ten stars to be seen in tho

" grou|i of the I'leiadcs ; it is the residt of studies covering several
'• lunations The darkest spots seemed to nw (1), the Mare
" Trannuillitatis, and (2) Mave Xubium. Tlie Mare Screnitalis and
" Fecunditatis come next. Mare Imbrium and Oceanus Proccl-

" laruni are still ])aler. The little .MariaCrisium,Vaporum, Iluniorum
" and Nectaris, are reduced iu size liy irradiation, and present to tlic

" naked eye an appearance corresponding to that of tlie Lacus Soli-

" and Lacus Luuie of Mars as seen in a telescope. The white spol-

" of Copernicus and Kepler are very well seen, Ai'istarchus with
" more diilicultv, whilst Tycho, with its brilliant surroundings,
• oivupics an immense white surface ; but .... the ring itself

•
is not -ecu, Gucrike. lionplund. I'arry and Fra Mauro make up
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regiircl to Ww sun, it iiiiiy l)e th(iiij,'ht tbat absolutely

fiiu Ix' (liiiic witlioiit i)|itic"il iissistiiiice. But any

U

A, Mare Crisium. \', l\Iare Fi.fcuiiditalis. ('. M;iri

(]Uillitatis. 1>, Mare Iiul-rium. E, OceiinusProceUarum,
li, Marc Niibium. H, Apeuniiies and Copernicns.

Urawin'r of M. Maurice Petit.

F, Mare Humoru

observer who will j,'ive himself day by day to its patient

scrutiny will be astonished ere long at the result. Of
rourse, in this case, the term " naked eye " is no longer

ajiplicable, since the eye must be shielded from the over-

) lowering light of the sun either by a dark glass or the
sun's light may be admitted through a small hole into a

darkened chamber and received upon a white screen. But
thus observed the mm at maximum activity will show a
sjiot large enough to be easily seen on fully one dav in

])r of M. Autuiiiadi.

lour ; not infrequently two or thi'oc spots may lie seen at

the same time. Had it occurred to the classical and
mediaeval astronomers to watch the sun systematically in

this wav, thev would not onlv have detected the existence of

ajiots on its disc, but have demonstrated as certainly as

we know it to-day the |>eriod of the sunspot cycle, and the
value to us of that information would have been incal-

culable. More than that, it would have been possible for

them, from a long series of observations, to have fixed the

solar rotation period fairly exactly and to have made a
first approximation to the determination of the position of

the axis.

The accompanying little table and diagram give a coni-

])arison between the number of days in each year during
the last twt) decades in which there were spot groups the

area of which as seen covered more thau one-thousandth
of the sun's apparent disk, and the mean daily spotted

area expressed iu milliouths of the visible hemisphere as

deducetl from the j>hotographic record at Greenwich. It

will be seen that the first record comes as sharjjly to a

maximum as the second, and falls off again as unmistak-

ably to a minimum. Even the minor details of the second

curve are faithfully indicatcil in the first. The limit

chosen— one-thousiuidili of the visible disc, or almost
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PHOTOGRAPH OF THE BELT AND SWORD OF ORION.

Taken by A. Smith. Dalbeattie, on 2nd February, 1902. Exposure 2 hours 40 minutes.
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exactly the apparent size of Venus in transit—would not

in all cases correspond jirecisely to the limit for the visi-

bility of spots. Specially dark and compact spots have
been distinctly seen even wlu'u only of one-half this size;

faint or scattered ijroups niiifht escape notice cvc-n if a
little lar^^jer; but jfeneral expericnre has shown that the

limit selectcil corresponds very nearly to the limit of

visibility without optical assistance, differing from it in

under-stating, not oveF-stating, the numlier of groups
which could l>e seen.

Of course, there is no possibility now for the " Astro-
nomer without a Telesco]ie " to improve on the information
which the telescope lan •,'ive us as to solar physics, but the

lesson which the foregoing table has to teach is a mo<t
important one. Observations, as difficult and as apparently
hojieless as observations of the solar surface would have
seeraetl to be in the Middle Ages, may, if Cxuried out
l>atiently and systematically, bear as rich fruit as solar

observations could have done even then. Even after the

invention of the telescope, it was not the optical power of

his instrument, but the perseverance with which he
worked at a single object which revealed to Schwabe the
secret of the solar period. He had no dream of the dis-

covery before him when he set out upon his researches.

His own expression was that he "sot out like Saul, looking
for his father's asses, and fo\uid a kingdom." There are

kingdoms yet to be won, even in those fields of astronomy
which the telescope cannot touch. In particular, changes
which are periodic in character will reveal the fact and
circumstances of that periodicity to observations carried on
patiently and continuously, even when the amount of such
changes at their maximum only just come within the
utmost limits of the power of the instruments used in the
work'.

THE BELT AND SWORD OF ORION.

By Alex.^xdku Smitu.

The ])hotograph of which the accompanying plate is a

reproduction—enlarged to about 2 diameters—was taken
on February 2 last with an exposure of 2 hours 40 minutes,

the lens used being a o|-in. Voigtliinder doublet of

22 inches focus. The camera was attached to the tube of

a I2j-iu. reflector, which was utilised as a guiding instru-

ment, while the driving power was furnished by a three-

pendulum turret clock, whose motion is so regular and
certain that very delicate photographic work can be under-
taken without risk of failure resulting from any unsteadi-

ness of the driving mechanism.
The development of the plate was prolonged as far as

possible with the view of bringing out faint stars, and,

although this treatment has obscured all detail in the
brighter portion of the Great Nebula, there is little ditfi-

culty in tracing on the original negative almost the whole
of the fainter outlying vnsps of nebulous matter shown on
photographs, which have been secured, not only with
exposures of longer duration, but with much larger aper-
tures. A comparison of the photographs of this object,

which have been published from time to time, shows that

the whole region of the nebula exhibits more or less of

structure, and the result of a number of experiments I

have carried out recently would seem to indicate that
satisfactory impressions of such details can only be
obtained on a single exposure by departing from the
methods of development usually adopted.
Another interesting nebidous region in the constellation

of Orion is that surrounding the star Zeta. Following
this star is H. V. 28, which is made up of several well-

defined patches separated by dark rifts in which there is

very little trace of nebulous material. Stretching south-
wards from Zeta for about a degree is a straight band
of nebulous m.atter, which, although exceedingly difiicult

to detect visually, can hardly fail to Ix" noted on nega-
tives obtained with fairly long exixisures. In the /'.

edge, which is well defined, is u very prominent gap
somewhat rescMubling the "fish-mouth" in (he 6re;it

Nebula. In the same region there are several ui'bulous

stars. 23 min. south of H. V. 28 is H. IV. 24, and alioul

a similar distance /. is another and smaller nebuNnis star.

About 25 rain, north of Zeta is a third object of the same
class. These can easily be traced on the negative, while a
fourth, about 11 min. preceding the last named, is shown
on a recent j>hotograph taken by Mr. Henry Ellis with a
20i-iH. mirror. Only one of these objects is recorded in

the N.G.C., and the region would appear to bo worthy of

further investigation by those having large apertures at

their disposal.

Hettfrs.

The Kilitors do not hohl tliemselves responsible for tlie opinions

or statements of corres|iondents. ^

FAHRENHEIT'S THERMOMETER.
TO THE EDITORS OF KNOWLEDGE.

Sirs,—The description which I gave of Fahrenheit's
thermometer was merely the result of my enijuiries, and
was intentionally brief, as I feared to overload your
valuable columns. It has called forth the criticism of

Mr. Cleveland Abbe, of the Department of Agriculture at

Washington, who throws doubt on the statement that
Fahrenheit was indebted to Newton for his scale. It is

true that neither in Fahrenheit's biography, or indeed in

any work of the time, is there any distinct account of the
rationale of his scale ; for had it been otherwise an
explanation of it would have appeared in works of

chemistry, the authors of which profess ignorance of its

meaning. It is clear, therefore, that what is known can
only be gathered by inference from writers who have
interested themselves in the matter, and these, as far as

my reading has gone, have attributed to Newton the origin

of the scale. Mr. Cleveland Abbe gives the figures of

these two celebrated men as I have done, and it seems a

most remarkable coincidence, should they both have started

from the same point between freezing and boiling, and
adopted the same number, that they sliould have done so

from perfectly independent considerations. It would be
remarkable too, if Fahrenheit had never seen or heard of

Newton's instrument, invented a few years before. We
have only to multiply Newton's figures by eight, for the

reasons already given, to obtain Fahrenheit's scale. The
scale of the latter, as your correspondent says, in his first

constructed thermometer, was plus 90 and minus 90, but
it is not clear how this could have assisted in the framing
of his subsequent scale, as the numbers did not refer to

freezing or boiling points. That thermometer, as is known

,

he discarded, and then made another, taking for his fixed

point the temperature of the human body. This was
Newton's method, by which he had worked. It seems to

be correctly said that Newton was in doubt as to a fixed

point for boiling, for he speaks of boiling and violent

boiling, as if they implied different degrees of heat.

Newton's paper appeared in the PhUoguphical TrauMtc-

tions for 1701, and although anonymous has always been
attributed to our great philosopher. It is so said hy
Brewster, by Kelvin, by Renou and others. Newton
begins by saying that he used linseed oil in a glass tube^
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iiml fiivcs a table showiiii; tho Iioiglit on his insiruinont at

whieli Iho diffoveut liquids Iwili'd—
•' In Inijus talmlce colunina prima lialicnlurpjraduscaloris

in pr(.i>ortione aritUmetioa conijnitum inrhwindo a calorc

(|\iii arjiia incipit gelu rigescoro tanfjnani ab infiiiio naloris

•jradu sou commune termino calovis ot fvigoris, ct ])oncndo

calovom oxtornum corporis bumani esse jiarlium dnodi^cim.
" Patet auteni per hanc tabulam quod calor aquic bullien-

lis sit fere triple major qiiam calor corporis liumani.
" Ex Lis invtntis poncndo oalores olei ipsius rarefactioni

]>roportionuleset pro calorecorporishunianiscribendo])artes

12 piodiit calor aqu£B ubi incii)it ebullire partium 33."

(In the first column we have that degree in which water

begins to freeze as the lowest degree, making the external

heat of the human body to be 12 degrees. Now it is evident

from this table that the heat of boiling water is almost

three times that of the human body, being 33 degrees.)

In the article on heat in the Encyclopedia Bniannica
by Dr. Mill, late Librarian to the Royal Geographical
Society, the writer mentions the paper by Newton, and
then describes the thermometer by Fahrenheit, who took

his predecessor's scale as his improved standard. After

writing this, I had an interview with Dr. Mill, who in-

formed me that from the researches he made at the time

of writing his article he certainly came to the conclusion

that this was the ease, that Fahrenheit copied Newton.
I also enquired of Mr. E. H. Scott, f.b.s., the late

Secretary of the Meteorological Council, and he gave me
a piaper he had written in 1884 in which he says :

" We
next come to Newton, and in the Philosophical Transictions

for 1701 we find a paper, certainly from his pen, on the

scales of thermometers, and in it he announces that his

instrument, tilled with linseed oil, is marked 12 at the

temperature of man's blood. This is the first notice we
possess of a blood heat ' on the scale.' Fahrenheit
began by using a scale of minus 90 and plus 90 blood

heat. This scale he soon gave up, by Boerhaave's advice,

for one with 24 for blood heat. He then divided these

degrees into quarters, and this gave him 96 for blood

heat. Carrying on his researches he found that water
boiled at 212. Such was the origin of the famous Fahren-
heit .scale."

In the Philosophical Transactio7is for January, 1724. is

a short ]iaper, entitled "Experimeuta circa gradum caloris

liquorum uonnullorum ebullientium instituta; a Dauiele
Gab. Fahrenheit." The author alludes to the experiment
of another chemist, that water boiled at a fixed point (tixo

gradu 212°). This he himself confirmed, as well as in

most other liquids of which he gives a table. He used
mercury as it answered so well in the l)arometer. I

lielieve most authorities give Fahrenheit credit for first

using mercury for a thermometer.
Now I may mention Renou, to whose opinion Mr. Abbe

evidently attaches much importance. He says :

—

" On trouve dans les Philosophical Transactions pour
1701, un article anonyme mais qu'on sait C'tre de Newton.
" L'echelle des degres de chaleur."

" Cette article donne les points de fusion et d'ebullition

d'un grand nombre de corps, evalucs avec tin thermometre
a I'huile de liu qui marquant 0*^ a la temperature de
congelation de I'eau, 12° a la chaleur du sang humain, et
34° a la plus violeute ebullition de I'eau. C'est le

premiere indication que je trouve dcla chaleur du sang de
I'homme : on aitribue ordinairemeut a Boerhaave la

decouverte de la fixite de cette temperature
;
je ne sait si

ce fait est certain." " Nous avons dit tout a I'heure que
Ne^vton avait evidemment pris pour I'un des [loints fixes

de son thermometre la temperature de sang humain ; nous
allons voir que, pendant lougtemps cette temperature joue
un role important." M. Renou then mentioned Fahren-

heit's first thermometer, and goes on to say, "Fahrenheit
abandonna bii'utot ci-ttc i;chellft d'apres les conseils de

Boerluuive peut-i'trc et adupta peu de temps avant 1714
une echelle qui ne comportait que 24^ comprenant le memc
intervalle que son premier thermometre. Peut-etre

Fahrenheit n'avait il pas voulu d'eloignortropde la division

de Newton, mais ])0ur un intervalle jdus grand il dut

choisir un nombre de divisions double."

[We find in the Philosophical Transaclions for 1701, an

anonymous ai'ticle known to be Newton's, on the scale f>f

heat. It gave tho boiling point in a number of liquids by

a linseed oil thermometer, beginning with freezing, makint;

blood heat 12 and boiling water 34. This is the first

indication of the heat of the human blood, and this for a

long time ]^layed an imjiortant part. Fahrenheit

abandoned his earliest thermometer, and not wishing to

depart from Newton's division made blood heat 24.]

Samuei, Wilk.s.

THE VISIBILITY OF THE CRESCENT OF VENUS.
TO THE EDITORS OF KNOWLEDGE.

Sirs,—Allow me to refer your two correspondents on

the above subject to a paper of my own in the Journal of

ihe British Astronomical Association, Vol. XL, p. 339,

where they will find Stoddart's alleged observations

discussed, and, I think, will conclude that Mr. Maunder
does that gentleman no injustice in not accepting his

claims as proved.

But I think that in the note in Knowledge the powers

of sight required for different observations are not

sufficiently differentiated. The ability to see eleven stars

in the Pleiades, and to pick u]) Vesta and Uranus, or to

see Venus at mid-day, is of a different order to the ability

to divide El and £.3 Lyrse, to define the crescent of Venus,

or see the satellites of Jupiter. Of course both abilities

may be possessed, as in Mr. Mavmder's case, by the same
individual, but this is not necessarily so.

I shall be glad to know under what circumstances

Jupiter's 2nd satellite can be elongated nearly 4' of arc.

I cannot make it more than 206" from the limb, and this

only in opposition. Although this is about the same
distance as e^ and e, Lyne, I think the great difference of

magnitude of Jupiter and II. makes the separation a very

different matter indeed.

As regards Mr. Rodgers' instance of the visibility of the

crescent of Venus, it is defective in the same way as are

most of the astronomical feats of this kind, in that neither

date, hour, nor place is given, while it is also anonymous.
It has convinced /(/(/i, but it cannot be held sufficient to

convince others. Besides, most people are aware that the

crescent of the moon is convex towards the sun, and would
naturally see the crescent of Venus in the same way if the

observation was entirely imaginary, and when shown the

crescent reversed in the telescope would find it contrary to

their anticipations. I believe nine jtersons out of ten who
think they have good sight would see the crescent if one

asked them, if reminded it was convex to the sun.

But Venus would be represented by a crescent -^^ of

an inch long at 10 inches from the eye, or a fourth of an
inch at 62 feet. Can any eye make out the shape of such

a brilliant crescent ? yet Venus would be seen tmder less

steady conditions than such near crescents.

I have only been able to obtain exact date and hotir of

one alleged observation of a satellite of Jupiter with the

unaided eye, and on investigation it turns out the planet

was about three weeks past quadrature at the time.

The visibihty of the crescent of Venus can be experi-

mented upon indoors. Let a crescent 1 in. from cusp to

cusp be cut out of card, and illuminated by a lamp placed
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behiinl it. Nine foet awaj place any iiolislied convex
surface, and view the reflected crescent in this at tiftcen

times the radius of the surface, or the crescent moon will

answer the same purpose as the card crescent. The radius

of the reflectinjr convex is not of importance so long as

the o))server is fifteen times that radius away.
RnwiN Holmes.

'I thank Mr. Holmes for drawing my attention to the

paper to which he refers. I had missed it, as it appeared
during my absence in Mauritius. I gave the particulars

respecting my own eyesight merely to show that it was
not due to any inferiority in it as coinjiared with average

sight that I have ahvays failed to define the crescent of

Venus. Anyone who has done .so must have sight sei'eral

timeit as good as mine ever was. The maximum elonga-

tion of Jupiter II. from" the centre of the planet is "almost
four minutes of arc " if Jujiiter be in opposition and at

perihelion at the same time. Thus its elongation was
3' .H" on 1880, October 6.—E. Walter Maunder.]

THE CSE OF HAND TELESCOPES IN
ASTRONOMY.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—May I suggest that the remarks respecting

Jupiter and Saturn, on page 81, are somewhat misleading.

No note is made as to the visibility of details being affected

by the declination of the planets. As long ago as IS(il,

' llei-reative Science" contained (under a, nnin de phiine)

some observations of mine made with a H in. telescope.

With this the cra]>e ring was often seen where it crosses

the ball, while Jupiter's belts could not be overlooked.

But in IBtil both planets, especially Jupiter, had con-

siderable northern declination. .F. W. Levanuer.

'M^, North Villas, Camden Scpiare, N,W.

0"RlTlsit

^'%
ORNITHOLOGrCAt

NOTES. _:

ConiluHeil hij 'W. V. Ptceaft, a.l.s., f.z.s., m.is.o.u.

TJiRii Mh;ration.—The Th!i< for April contains a most
valuable contribution to this most fascinating study, liy

Mr. W. Eagle Clarke, one of our greatest authorities on
the subject. Mr. Clarke's observations were made during
a month's stay in the famous Eddystone Lighthouse.
Deciding that the autumn was the best season for observa-
tion, he took up his residence on the 18th September, and
left on the Iflth of October, 1001. Cloudless and
moonlight nights were singularly unproductive, not
because no passage-movements took place but because
they were beyond the range of observntion. The
most successful nights were those when the atmosphere
was saturated with moisture (rain, haze, cloud). This
mixture "becomes more or less opaque, while the powerful

beams, streaming out from the lantern upon it, bec(.)me

luminous and lirilliaiit to a very remarkable degree, and
exert extraordinary attractive powers over the migrants
that pass within their sphere of influence." The main
factors in migration movements, Mr. Eagle Clarke
points out, are not the winds, but certain svstems
of atmospheric pressvn-e which estalilish fine weather-
conditions in the N<n-th Sea. The winds are the result of

tliese pressure systems, and appealing more to the senses,

have come erroneously to be regarded as the principal

cause of migratory movements.

M.ALE Birds in Ekmale Plumage.—The FiehJ, April

2(Jth, contains a short but interesting article on this

subject by Mr. W. B. Tegetmeier. The author points out

that there are breeds of game fowls in which the males
habitually wear the female attire, and are known in

consequence as ' hennios." No less fertility or courage

follows the change of livery ; on the contrary, " hennies "

were remarkable as being the most dangerous birds in the

cock-pit. The origin of these hen-feathered biixls, Mr.
Tegetmeier attributes " to an accidental variation, of the

causes of which, like those of other variations, we know
absolutely nothing."

Rooks with Feathered Faces.—In a letter in the

Field, May 3rd, it is suggested that Rooks with feathered

faces are becoming more common on account of changed

habits, the Rook having largely relinquished its habit of

digging for food in favour of egg-stealing. This question

has been raised and discussed before. So far the evidence

seems to lend little support to this theory, but rather to

suggest a reversion to the conditions common to all the

members of the family save the Rook.

Penguins at the Zoological Gardens.— It may interest ouv readers

to know that an unusually fine eoUection of tlicse birds can be seen at

the Gardens at the present time. The species represented iiielude

three King Penguins (Apteiiodyte.i pennantij, the Black-footed

Penguin ('Sphenisms demersitsj, Selater's Penguin (Calarrhacles

SclateriJ, and the Thick-billed l^enguin (C. pachyrhgnchus),

Bird-Life in Norway.—Land and Water, April 26th, contains an

exceedingly interesting article on bird-life in Xorway. The bulk of

this is a translation of a paper by Prof. R. CoUett. Those of us who
cannot read Norwegian should be grateful to the translator, for much
valuable information has now been made accessible concerning the

breeding habits of a number of clilT-haunting species.

All contributions to the column, either in the way of notes

or photographs, should be forwarded to W. P. Pycr.vft, at the

Natural History Museum, Cromwell Road, London, SJV.

Botanical.—An interesting paper on abnormal fruits—

a

melon in which the seeds had precociously germinated, and
an orange, which showed plciotaxy oc the gynaeceum

—

appeared in the March number of the Annah of Boliniii,

contributed by Sir W. T. Thiselton-Dyer. The melon

when cut open was found to have its interior filled with

well-developed young plants. It was satisfactorily

determined that these had not originated from intra-

ovarian buds, but from seeds, for in some cases the two

halves of the testa were still attached to the cotyledons.

The pericarp of the melon, though li inches thick
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allowed a fair amount of light to pass throiit,'b to the
seedlings ; ami the cotvlcilons were distiiictlv j^reon. there
being, however, a ver}- small d<'veloj)nu'nt of ciilorophvll.

Precocious germination sometimes occurs in the orange
and other species of OltriiK. in the papaw {Cnrira Papnyn ),

in Dipteroearpaceie, and in Ithizophoraicie. It is known
also in Liliacpie, as illustratod by an exhibition, af tiic

meeting of the Tiinnean Society on April 3rd, of some seeds
of a Dracaena, which had developed into small plants
while the berries were still hanging on the parent.

Herr H. Moliseh records in the Berirhte (Irr (leiitsrhcn

liotanifcht'ii Ge»elhchaft, 1901, p. 32, his observations on
variegation in a variety of cabbage (llransira olerareti

arfiphala). This when cultivated in an unheated liouse

during the winter bore distinctly variegated leaves, but in

the summer it was noticed in more than a Imndred
individnaLs concerned in tlie experiment that the variega-

tion completely disappeared, to return in the autumn and
winter, reaching its highest development about the end of

February. This peculiarity was not affected by the
nature of the soil in which the plants were cultivated, but
appeared to be wholly duo to the changes in temperature.
Plants removed from a cold house to a warm one in the
winter became green, the process beginning in from eight

to fourteen davs and being completed in about a month.
—S. A. S.

ZoOLOGicAi..—For many years those remarkable West
African lemurs known as the potto and the awantibo

—

both characterised by the abortion of the index finger —
were the sole known i-epresentatives of their respective

genera, the second of the two being extremely rare in

collections. In 1879, a potto from the Gaboon was, how-
ever, described by a French naturalist as distinct, on
account of its larger size, longer head, shorter tail, and
greyer tone of coloi'ation. Quite recently, Mr. W. E. de
Winton, m a paper contributed to the January number of

the Annals and Magazine of Natural Historij, has added a

species from the French Congo to each group. The new
potto (PerorUciicns bafesi) is intermediate in size between
the other two species, and of a richer and more rufous

colour than either, the tint being almost that of red

mahogany. The Congo a'.vantibo {Ardocehits aureus)

differs from the typical species of Old Calabar by its

inferior size, still shorter tail, in which the terminal hairs

are stiff and closely pressed together, and the liright

golden colour of the fur. which shows no black tips to the

hairs. It may l>e added that the awantibos differ from
the pottos by the structure of the hand, the fuller develop-

ment of the cheek-teeth, the absence of a projecting ridge

of the skull above the aperture of the ear, and of pro-

jecting processes to the vertebrae of the neck.

An interesting discovery has been made by Miss D. Bate
in certain limestone caves in Cyprus, This consists of

remains of a hi])popotamus of even smaller size than the

one from the Maltese bone-fissures, and only about half

the dimensions of the common African species. The
describer, Dr. Forsyth Major, regards the Cyprian species

as the true Hijipopotamus minutus of Cuvier, and con-

siders that it displays aflinities on the one hand with the

living pigmy hippopotamus of W^est Africa, and on the

other with an extinct Italian representative of the group.

The occurrence in Cyprus of this dwarf fossil hippo-

potamus is considered to be confirmatory of the view that

many of the later Tertiary mammals of the Mediterranean

islands were slightly modified survivors of species which

disappeared at an earlier date from the adjacent main-

land.

Naturalists have long been familiar with a group

of exthict crocodiles from the Kimeridge and Oxford
clays of which Geunaitras, DnrntauruH and Milriorhym-hnu
are the best known rejiresentatives. It has also been
long known that these reptiles lacked the bony scutes in

tlie skin of the back charact^^-ristic of ordinary crocodiles,

and likewise that the fore-limbs were relatively small and
weak, and that the eyes were furnisheil with a ring of bonv
]dates similar to those of the ichthyosaurs, or fish-lizards.

From the associated remains, it was also evident that
these crocodiles must have been marine. The structure of

the lower portion of the limbs has, however, hitherto been
unknown. This gap in our knowledge has been bridijeil

over by the recent discovery in the upper Jurassic strata "f
the Continent of two nearly complete skeletons of members
of the group, one belonging to the genus Ifarosaurng, and
the other to Geosaurus. These valuable and interesting

specimens have Ijeen described by Professor E. Fraas in a
recent issue of the German Paln'ontofjra i)hica, where a
restoration of the form of the living animal is attempted.
From the structure of the skeleton, it is quite evident that
the fore-limbs were short and paddle-like, but the hind
pair departed less widely from the ordinary type. The
jaws were relatively long and armed with powerful teeth ;

and it is considered probable that the long tail terminated
in a strong vertical fin. The creature must apparently
have been a formidable rival to the ichthyosaurs and
plesiosaurs of the Jurassic seas.

On a previous occasion reference has been made in these

columns to the remarkable lower Eocene vertebrate fauna
recently discovered in the Fayum district of Egypt, of

which a part has been described by Mr. C. W. Ajidrews.

Mr. H. J. L. Beadnell, in a paper published by the Survey
Department at Cairo, gives a note, accompanied by figures,

of a remarkable horned ungulate skull, for which the
name Arsinotherium is proposed. At the conclusion

the author states that Arsinotherium, so far as can be
judged by the character of the teeth, is probably " an
ancestral form of rhinoceros." From the figure of the

teeth (which is far from satisfactory), we take leave to

state that this is precisely what the creature cannot have
been.

Every step in the evolutionary history of the man-like
apes, and therefore of man himself, has more than
ordinary interest for the naturalist. It is accordingly a

matter of satisfaction to find that the pedigree has been
carried one step further back in time by the discovery in

the middle Tertiary of Swabia of teeth of a small ape
recently described by Professor Max Sehlosser under the

name of Aiitliropodiis hrancoi. This ape is regarded as the

probable ancestor of the long-known DryopitJiecus of the

French Miocene.

American naturalists continue to describe species and
sub-species of rodents literally by the dozen. For
instance, in a paper contributed to the rroceedinys of the

Washington Academy, Dr. Hart Merriam names no less

than twenty-three mice of the genus B/M7/iro(7oH/omy« as new.
Whether these are really entitled to rank as new species

or races, it is almost, if not quite, impossible for English

naturalists to decide, owing to the fact that no skull-

measurements are given. In place of this, the skull is

said to be longer or shorter, or wider or narrower, than
that of the species with which it is comjiared, as the case

may be. If this omission has been made on purpose,

it is scarcely playing the game fairly, as it prevents

naturalists other than American from determining new
species, or revising those already named.

The raking-up of obscure names to replace those long

in use for well-known animals seems carried to an un-
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warrantuble extent, bvmauv naturalists of the present day.

One of the latest instances is afforded bv Dr. J. A. Allen,

of New York, who, in tlie BiiUetin of the American
Museum for February, proposes, on the strength of a
passage in Ziuimermann's Zooloyic.i: Geoijra^ihicH- (1777)
which may be the result of an error or carelessness,

to employ the name Duma as the generic title of the
American white-tailed deer. By those who regard it as

entitled to generic separation fron\ the red deer, the fallow-

deer has been invariably designated Dama fuh/m-ls, and
this usage ought, in our oj)inion, to bar the use of the former
name in any other sense, quite irrespective of whether
it was used by some early writer at a date when the
binominal system was scarcely established. It is difficult

enough in any case to make sportsmen and amateur
naturalists realise the essential difference between Americ'in
and Old World deer, and if a name commonly used
for one of the latter be transferred to the former, endless
confusion is likely to result. The white-tailed deer is one
whose uomenclatural history is singularly unfortunate.
The name Cariaciis by which it was generally known till a
few years ago was replaced by Dnrcelaphus by American
writers, who subsequently changed this for Odocoihiis, and
now we have Dama suggested.

Accoi'ding to an article in the March number of the
American Nalitralint, a remarkable phenomenon was re-

cently observed on the Califoruian coast. One day last

July a streak of " red water " was noticed some distance
off the mouth of San Pedro Harbour, which subsequently
broke up into a number of patches, each of several acres in

extent. In the course of a few days these patches i-eached

the shore, when the red colour was found to be due to the
presence of countless myriads of animalcules belonging to

tlie " flagellate " group. At night the sea was brilliantly

phosphorescent over the red area. The most extra-

ordinary fact connected with the visitation was the death
of a large number of marine animals, including rays,

sharks, and sea-cucumbers, which were appareutlv poisoned
by the animalcules. The bodies of these creatures when
cast up on the beach exhaled a most pestiferous odour.
At least two hundred miles of coast came under the
influence of the " red water."

The Annual Congress of the South Eastern Union of

Scientific Societies will be held this year at Canterbury,
from the 5th to the 7th of this month. The President-
elect, Mr. J. Hutchinson, will deliver the address, and
papers will be read by, amongst others, Prof. E. B.
Poulton, Prof. G. S. Boulger, Mr. S. Saunders, and Mr.
W. Whitaker.

j^0t»CC8 of Boofeg.

" Alcomolis.m : A Stldv in Hi;ki;iiitv." By G. Archdall
Keid. Pp. x\-i. + 'j;i3. (FisherUnwin. j Price lis. net.—Mr.Arch-
dall Reid is .1 philosopher whose works merit careful considera-
tion. He is outside the circle of what might be termed
professional evolutionists, but those of us who have given
attention to his writings have found evidence in them of an
original thinker possessing both knowledge and inspiration.

The line of argument in the present book may be exjiressed as
follows. There is an evolution against disease ; the native
races of AVest A frica are able to resist malaria because a process
of ehmination of those susceptible to the disease has been going
on for many generations. Englishmen, however, who have not
undergone this jirocess of selection are unable to resist the
disease. On the other hand, we have acquired a resisting power
against consumption, wliereas Polynesians and Eskimo perish

as surely in London as Engli.shmen in West Africa, .\gain,

measles is not often fatal with us, but when the disease is

introduced into a new race its ravages are terrible. Alcoholism
is a disease, and the races which hive been liable to it for the

longest period are now the most sober. Accepting this, the
conclusion is that the reforms advocated by the Temperance
party are fundamentally wrong and can only aggravate the
evil. " Including the British, all races which alcohol has afflicted

have plainly undergone evolution, protective evolution. They
began their experience with a great proneness to drunkenness,
have ended with a lesser proneness." Nature would in time
eliminate those who are predisposed to drunkenness, whereas
temperance reformers aim at preserving them. The method
propo-sed by 'S\r. Reid is to eliminate the excessive drinker by a
Malthnsian scheme, which, though biologically .sound, is alto-

gether impracticable in the present condition of public opinion.
This is a mere sketch of the subjects dealt with, and the whole
book is well worth attention by general as well as scientitic

readers. In one or two places we fancy that the investigations

of other evolutionists are referred to in disparaging terms, and
we regard tliis as a mistaken policy. Professor Weldon (not

Wheldon as is printed on page 38) is contributing to our know-
ledge of evolution much more than Mr. Reid, though his methods
are different. It is unnecessary to refer slightingly to his

work or that of any other earnest investigator in the realm of
natural kcowlcdge.

"The Fi)K.\minilf,r.\ : An lNTKoDr(TiON to tiik Study
or THE Pkdto/.oa."' By Frederick Chapman. .\.i..s., i'.u.m.s.

(Longmans, Green I'i Co.) Price '.is. net.—A well written book
by an acknowledged authority is always acceptable, and the

present volume is the more welcome because it is an attemjit to

supply a long-felt want. The classical monographs of Carpenter
and Brady are beyond the reach of many students, and the
innumerable papers ou the Foraminifera which regularly appear
in the publications of British and Continental scientific

societies are for specialists only. Mr. Chapman has en-
deavoured, and on the whole, we think, successfully, to compress
this .scattered knowledge into a single volume of some 36ii pages.

More than half the work is concerned with the classification of

the Foraminifera. The leading characteristics of each family
are briefly given, and every genus and sub-genus of any im-
portance is illustrated by a description of one or more types.

The author is not always happy in the .selection of his types,

which, in such a text-book, should, we think, have been selected

from the commonest and most widely distributed species avail-

able, and whenever possible, from recent forms in preference to

fossils. Mr. Chapman, however, shows a marked predilection

for fossil types, many of them being of restricted disposition

even as fossils. Many of the recent species selected as types
are also of rare or extremely local distribution, although other
species, common or of world-wide distribution, were ecjually

available for the purpose. The figures illustrating the types

are somewhat crude, but sufficient for their purpose. The
remaining illustrations are excellent, and to a large extent
original, a rare occurrence in text-books. The opening chapters

are devoted to the life-history and shell structure of the grouji,

aud are excellent, but the space allotted to the life-historj' is

altogether inadequate to the subject. The geological history of

the group, on the other hand, is treated at some length, and
being well illustrated by sections of the more important
foraminiferous rocks is of great interest. Mr. Chapman has
himself been one of the most untiring workers at the geological

record of the group, and in this chapter he records his opinion
that the earliest Foraminifera were derived from forms which
did not possess an external shell, but consisted merely of sarcode,

perhaps covered by a thin chitinous investment. As such
bodies could hardly become fossilized, the theorj-. credible

though it seems, can never be definitely proved. The older

theory that the earliest Foraminifera were of the arenaceous
type has failctl to find any support from the geological record,

for in the Jjower Cambriau strata the group had already obtained
a wide distribution and considerable range of structure, all of

the hi/aliiie type, while the earliest uniMi-cijui forams known
at present are of Silurian age. The volume concludes with a

good selection of the most important modern works on the

subject, the assimilation of which should turn the student into

a specialist.

"AnNU.VL Rlil'OKT or Tin; SMnTlSO.\T.\.N InSTITLTIHN FliK

Till; Yii.iK emunc; June 30, lOUO.'' Pp. Ixv., 7.W. Illustrated.

(Washington : Government Printing Office.)—One of the many
useful services which the Smithsonian Institution renders to

students of science is the publication of the Annual Report
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containiDg tko boft aud most accurate expositions of scientific

subjects selected from various sources by tlie secretjiry, Dr. S. V.

Langloy. Tlic papers which appear in the report arc reprints

from .-icifintilic periodicals or the publications of scientific

societies, or translations from French, German and other
languages. Each rejiort is thus a survey of scientific thought
and progress during the year to wliich it refeis. In the report

under notice, much space is given to reviews of the progress of

science during the nineteenth century, prepared by men dis-

tinguished in their various tield.s. The subjects reviewed are

astrouomy, chemistry, ge(>lo<jy, physics, electricity, geography,
biology, medicine and psychical research, which, with an article

on the century's great men of science, give in brief a |)icture of

scientific activity of the last century. China, which figured so

much in the |)ub!ic eye during I'.MM) is given special prominence.

There is a brief sketch of the I'ekin Observatory, the looting of

which caused so much comment, and one on Chinese folk-lore.

Aeronautics, which during the last decade has been growing to

be considered a science, has several articles devoted to it by
Dr. Janssen, Lord Kayleigh, Dr. Langley, aud others. Among
the thirty or more other articles may be mentioned, as illustrating

the variety of the subjects treated, papers on malaria and the

transmission of yellow fever, by Surgeon-General Sternberg, an
essay on Huxley, by Professor Brooks, and a paper on incan-

descent mantles. The Smithsonian Reports are distributed to

institutions throughout the world, and may be had by purchase

at cost price from the Superintendent of Documents,Washington
City, U.S.A. Their v.alue can only be adequately appreciated

by becoming familiar with them, and we recommend all who are

able to see them to take an early opportunity of doing so.

''More Talks ok the Bikds." By W. Warde Fowler.
(Loudon : Macmillan & Co. I'.Ul-.'.)—Mr. Warde Fowler has

again succeeded in producing a most charming book for juvenile

readers, and one which cannot fail to instil a love of the country
and a fondness for birds. The author combines the lare

qualities of a skilled ornithologist and a story-teller of singular

fascination ; as a result, the feveral chapters of his book all

faithfully reflect the characteristics of the various birds which
he has selected. Only in one case have we come across a jarring

note. He goes out of bis way, it seems to us, to sow an early

prejudice against one of the most ruthlessly persecuted of birds

—the heron. Inasmuch as he depicts this poor bird as making
a meal of the most sacred person of a trout ! It is this

occasional piece of audacity on the part of this poor bird that

has brought about his undoing wherever trout streams abound,
for the proprietors thereof will brook no fishermen but them-
selves. Thus, the budding naturalist, who may latei' in life

become an enthusiastic angler, is started on his career of jjerse-

cution of one of our most interesting and fast vanishing birds.

Why would not an eel, or a water-rat, have served as well as a

trout ? They form a far commoner proportion, moreover, of

the food of the heron than the fish he selects. The illustrations

suggest the hand of a novice, but the pictures of the kite and
the sandpipers give jiromise of very considerable skill in the

future, the kite being especially good.

"Result.^ op Rai.n, River, and Evaporation Observations
MADE IN New South Wales dukinc 1899." By H. C. Russell,

i!.A., C.M.G., I'.R.S., Government Astronomer, New South Wales.
(Sydney : William Applegate GuUick.) 1901. Price 3s. 6d.

With JIaps and Diagrams.—This volume deals with the romance
of the raindrops, and although the story is told in statistical

form it is full of interest. That the tables of figures which
detail the observations made at 17'J4 stations have been arauged
under the sui)ervisiou of Mr. Russell is a guarantee that they
will be found lucid and to indicate clearly the precise nature of

the facts dealt with. The publication is mainly concerned with
the general results of rainfall observations during 1.S99, but

there are in abundance additional tables that show the rainfall

records in Australia at a number of stations during the sixty

years l.S-l(» to 1899. These statistics indicate the amount of rain

that fell during certain months aud years in different parts of

the colony, the averages being also given for the purposes of

comparison ; but in order to complete the fuU history of the

raindrops other particulars are reciuired, aud these this volume
provides. Thus when once the rain has fallen on the ground it

is necessary to learn something of the way in which it disappears.

Some of the water, for instance, evaporates almost as soon as it

falls : while a certain amount percolates underground. Much

of the water, again, may rush over the surface of the ground
into the rivulets, streams, and rivers and so produce floods. To
engineers and others, therefore, who are concerned with reser-

voirs, springs, and wells, not only is it important to be told the

depth of rain that fell, but on the other side of the account
.something should be said concerning evaporation, percolation,

and floods. As regards the latter, Mr. Russell gives the height

of certain rivers from day to day, the figures being obtained by
means of river-gauges and flood-marks placed on bridges. There
are no jiercolation observations in this book, but since there are

so many otlier interesting tables and diagrams no one wcmld
find fault with the omission, although a few such details would
have added to the value of the volume. The statistical part of

the observations is illuminated by seven diagrams at the end of

the book, and reference may bo made to one of them which
shows the monthly distribution of the rainfall in difl'erent

districts, and reveals the character of the year's rainfall in a

most excellent manner. Another diagram has reference to the

debatable question of the moon aud the weather, Jlr. Russell

is " convinced that there is some connection between the two.''

Jleteorologists as a body are, however, not yet persuaded that

any hints as to future weather are to be gained by looking in

this direction, and those who are engaged iu preparing what
may be termed the official forecasts prefer, at present, to consult

a synchronous chart rather than the moon. In order that the

mean annual rainfall over New South Wales as a whole, which
is 25 inches, may be compared with other parts of the world,

Mr. Russell has compiled a table giving the averages for thirty-

three representative localities. At the head of this table

stand the Khasia Hills, India, with a mean annual rainfall of

60(1 inches, Madrid with 9 inches is at the bottom ;
London has

24 inches, and New York 47 inches. But no attempt must be

made here to extract the statistical " plums " from this well-

compiled volume, to which anyone interested in rainfall matters

may safely be commended.

"The Nearer East." By D. G. Hogarth, m..\. AVith Majis

and Diagrams. Pp. xv., 296. (Heiuemann.)—This volume is

the second of the series edited by Jlr. H. J. Mackinder,
having for its object the description of the great regions of

the world in relation to the people inhabiting them. Geography
as it is now understood is concerned with the influence of

environment upon human life ; it is an endeavour to determine
the conditions which have led to the adjustment of things as

they are. The most important factor is the relief of the earth's

surface, which determines to a large extent the climatic condi-

tions, and through tbis the character of a race, causing, for

instance, the peasant of the Nile Delta and the fellah of the

Upper River to be very different beings. The density of the

population is largely dependent upon the nature of the couutiT.

Thus, while Egypt with desert areas included has a population

averaging about 12 to the square mile, the number on the land

without deserts amounts to GuO per square mile. By several

remarkable examples, Mr. Hogarth shows how the character of

man is affected by the nature of the available food supply.
" Over the immense area of south-western Asia, where grain can

be cultivated so little as to be in no sense a staple food, and the

date fruit, heating and satisfying, but not of equal nutrition,

takes its place, we find one character of man, restless and alert,

but incapable of sustained action or any but the most superficial

aud conventional thought." There is, in fact, a regular gradation

in an upward scale of physical endurance and intelligence from
the lowest date-eating Bedawin to inhabitants of the Lebanou
and the Syrian coast, where wheat and olive, milk aud wine,

are among the staples of life. We ciinuot refer to the many
other interesting facts of a similar nature described by Mr.
Hogarth. About one-half of his volume deals with the physical

geography of the " Nearer East,'' which includes the tracts of

lands which lie in and about the eastern basin of the Mediter-

ranean Sea. The second half is concerned with the distribution,

character aud conditions of human life in tliis region. The
book shows how geography cau be studied in a perfectly scientific

manner, and will thus do something to remove the re-impression

that the subject has no place among the sciences. The author

has overlooked the loose expression " different to" on page 17.

"A Concise Drtionahv of Euvi'tian Akl'h.eolouv." By
M. Brodrick and A. Anderson Morton. Pp. viii. aud 198.

(Methuen.) Illustrated. .'Is. 6d.—Students and travellers may
fiud this little handbook of service, but they must of course
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recogtiiBc that it only contaius a limited st;itement of the
|nitiiion of Egyptology. A few points worth rem;irk occur to

us ill glancing through the pa!;;es of the hook. A list of the

priDcij)al god.s might have been given ; at present the word
" god ' is not indexed. We also miss the words " metals

"

and "chronology, " though both deserve a paragraph. Under
" zodi.ic " it is stated that the zodiacs found in Egypt " were
borrowed from the Greeks," whereas the reverse was probably
the case. Under " temples " no mention is made of the care

taken in their foundation to keep the axis in a definite direction,

or of their use for observations of the rising or setting of the
sun and stars ; and no reference is made to the remarkable fact

that the bases of the (ireat Pyramids lie in the four cardinal

points. Sirius is said to be in the constellation Canis, instead
of Canis Major. Concerning the source of the Nile it is

remarked " modern travellers place it in the Victoria Nyanza
Lake, but it is quite possible that it rises even further south of
the Equator." Whether the Kagera, the Shimeya, or the Mwaru
is the head stream of the Nile may be doubtful, but no one now
considers the Victoria Nyanza to be the source. Putting aside
minor mistakes of this character, the book will be handy as a

guide, though it cannot be taken as authoritative.
"An Intuoihctiox to the Study di- tiih Co.mi'arativk

An.vtomy of Am.m.vijs." Vol. II. By Gilbert C. Bourne,
M..\.. n.sc, i-.L.s. (London : George Bell & Sons. i;t02.)—As
in his previous volume, Dr. Bourne has contrived to crowd into

a small space a vast amount of information specially designed
for students reading for the preliminary and intermediate science
examinations in the Universities of Great Britain. But so well
has the work been planned, and so carefully and discreetly have
his facts been selected that we venture to predict his two
volumes will be treasured long after they have served the pur-
jxjses for which they are written. The present volume deals
with the platyhelmia, annelida, moUusca, gastropoda, .irthro-

poda, cephalochorda, elasmobranch fishes and mammalia, and
contains a chapter on the development of the frog. According
to the plan of the work only the essential features of the various
grou])S are discussed, and room is even found, here and there,

for philosophical speculation which must certainly greatly add
to the value of the work.

"We have received several volumes of the L^nit Library. The
main feature of this latest addition to the growing family of
miniature booklets is that they are to be sold at prices based on
the number of pages, irrespective of internal worth. The covers
and general appearance are pleasantly decorative and the type
clear. >-•-
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THE NOBODIES,-A SEA-FARING FAMILY.
By Rev. T. R. R. Stebbin'g, m.a., f.e.s., f.l.s.

CHAPTER in.

In the upper classes of the animal kingdom, among
creatures that display bilateral symmetry, the head is

always set on in front. When Herodotus heard from the

Libyans of a headless tribe with eyes in their breasts, he
characterized this and some other marvels as a jiack of

lies. A sermon attributed to St. Augustine makes the

eloquent Numidian bishop claim to have actually seen the

tribe of which Herodotus had only incredulously heard,

but the sermon has been denoimeed as a shameless forgery.

Stories there are of men who carry their heads under their

arms. Anyone can do that who appropriates his neigh-
liour's head for the purpose. Such an exception is purely
artificial. Even the Pycnogonida have their heads iu the

ordinary position, though for reasons best known to

themselves here again they are not content to do the usual

thing in the usual fashion. A dispassionate observer,

unbiased by inquisitive researches, would readily, one
might almost say reasonably, conclude that for this group
the head is constituted by the prominent, generally large,

often very freely movable, front portion of the animal
which contains the mouth. Head aud mouth are in fact

among the names which have been applied to this part.

It has also been designated by words signifying rostrum,

siphon, proboscis. Of the five, the last has been the

favourite term. It must not, however, be taken to imply
a nasal prolongation, as in tlie elejihant and the tapir

;

nor is it composed of modified jaws as in insects. This
was an early view of it, which recent authorities strenuously

reject It is tubufeir, with a cylindrical or fusiform

apjiearance emerging from a three-sided structure, in which
an upper plate forms the roof, the other two constituents

meetiag in a more or less keel-like manner below. The
opening aud shutting of the mouth at the anterior end is

managed by three little valve-like plates, or some e(juivaleut

arrangement. The internal mechanism is described by
E. B. WUson as an apparatus for masticating food, by
Meinert as a filtering apparatus, by Dohrn as a creel-like

trap contrived, like those in which crabs and lobsters are

caught, to let things in and not to let them out again.

It is generally agreed that, in animals which take food,
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whiitevor olsc may be or not be the a])|)UrtcnaiiO('s of a

head, it always includes the mouth. A lioad without a

mouth is worse oft" than a duke without a duehy. So far

then the proboscis above described liy haviiij,' a mouth
makes a capital claim to bo the hcail, and when it hajipens

to be fusiform, its neck-like altaclniu'iit to the rest of the

body fjives if a semblance of beini^' not merely a ]iart of

the head but the whole. Many animals, crustaceans and
sjjiders for example, dispense with a neck, having; the head

fused with the trunk. But it is not easy to think of an

animal which has a neck in the middle of its head, enabling

it to double one half under the other. This singular

acrobatic performance is, however, accomjilished in the

Eurycyde hispida (Kroyer) ; ambulatory legs omitted. From Sars.

present group, as for instance by Eurycyde his'pida

(Krover) ; but it needs some explanation. For arthropods

in general, and for vertebrates it must be admitted that,

besides the feeding aperture, two other constituents of

supreme importance, the eye and the brain, are always

localized in the head. The eyes and brain do not wander

away from the head of an arthropod, unless they wander

away from the animal altogether. Yet look now at these

perverse Pycnogonida. Behind the proboscis, which is

sometimes relatively huge, there is a body consisting of

four segments, followed by a little trivial abdomen, articu-

lated or in coalescence, depressed, outstanding, or more

frequently upturned. The four segments of the trunk are

often very distinctly separated one from the other, but in

some species they are more or less fused together, although

the original independence of the last three is always suffi-

ciently guaranteed by the ])air of legs which each has iu

attachment to its sides. The first segment also has a

similar pair of legs in similar lateral attachment, but it

has much more. It is capable of liearing three other pairs

of appendages, and sometimes, though not always, exercises

this capacity. The nervous mass that does duty for a

brain is lodged within it. On its outside rises an eminence,

a little watch-tower, normally beset with four simple eyes,

two of which look backward and two forward. That this

first segment, then, to judge by the four pairs of appen-

dages, is in reality composite, few zoologists will be inclined

to dispute. That part of it is ceishalic or in the nature of

a head-piece, since eyes and brain are lodged in it, most

will readily itdmit. But this admission carries with it the

inference that the proboscis, notwithstanding its possession

of the buccal orifice, is not properly or exclusively the

head. It may rather be regarded as the throat and mouth
projected strongly forward so as to assume an abnormal

prominence. It is in keej)ing with the eccentric character

of these creatures, the " nobodies " of our title, that they

should thus threaten immense gulosity in spite of those

circumstances which convict them of hermit-like abste-

miousness.

The three pairs of appendages that precede the walking

legs on the composite first segment appeal for distinctive

names, and still remain in the distressful condition of not

knowing with any sort of certainty what to call themselves.

Of the first pair it may be said that they are normally

three-jointed and chelate. They frequently extend Ijeyond

the proboscis in a way that would seem convenient for

offering meat to its mouth. But they display many
vagaries. Very occasionally they are four-jointed, sonn'-

times they are two-jointed or one-jointed, or no-jointed,

disappearing altogether. Under some of these conditions

they cease to be chelate, not being able to form pincers

with fewer joints than two, or not choosing to do it with

that number or more. At times they remain chelate.

7"\..Jl#

JSlymphon purliicidum, lloek. Front of liody from below.

From Hoek.

though not reaching so fair as the month-opening. It

must be tantalizing to the mouth if they persist in oflering

food from an unattainable distance. But perhaps they

adopt the policy of the long spoon, presenting a desirable

morsel on the end of a stalk. In contrast with the incon-

stancy and variability of these appendages in the adult,

they are found to be iu the larva, so far as is known,



June, 1902.] KNOWLEDGE 139

always present, always tliree-joiuted, always chelate. By
that fact may be justified the convenient designation
" chelifori," which has bt^eu applied to them, since in all

specicB they are at least for some part of the animal's

life carriers of chelae. Still such a title is merely

neutral. It is .secure from criticism because it leaves

out of sight considerations of homology. It is un-

helpful to those who would fain know the relation of

these chelifori to corresponding appendages in other

arthropods. In this respect there is an embarrassing

choice of opinitm, for some think them equivalent to the

first pair of antennip and some to the second, some to the

mandibles, and some to a pair of maxillipeds. It is,

perhaps, worth while going a little out of our way to

illustrate the perplexing obscurity of the problem. A
remarkable arachnid, Kienenia mirnij'/i.s-, first described by
the Italian authors Grassi and Calaudruecio, was after-

wards more exactly studied by the Danish savants H. J.

Hansen and W. Sorensen. Eecently Dr. Meinert, while

Kanenia mirabilis, G. and C. Aftt'r Hansen.

referring with high praise to the description and figures

supplied by his colleagues at Copenhagen, deduces from
them a conclusion which they themselves do not accept.

He finds in Kienenia a proboscis homologous with that of

the Pycnogonida. Projecting in front of its mouth are

seen a pair of " antennae," thi-ee-jointed, chelate, which
not a little resemble the pycnogonid first appendages.
There is a further point of comparison. In the scorpions,

pseudoscorpions, and many of the Pedipalpi, the
"cheliceroe" are followed by long chelate organs forming
the second pair of appendages. In the Pycnogonida the
second pair, though as variable as the first, are never
chelate, and in this respect they again agree with
Kwnenia as well as with some of the Pedipalpi. But
Kienenia, it will be seen, has only six pairs of aj^pendages,

not the mystic pycnogonid seven. Among all the

peculiarities of the latter group it would surely not be the

least, if Kienenia with the abdomen abnormally developed
could be proved to be the nearest living relative of a tribe

which has the abdomen abnormally insignificant. Such a
conclusion is at present highly improbable.

The second appendages, or "palps" as they have been
most commonly called, have a number of joints varying
from ten to five, and are liable to vanish entirely. When
present they have their place of attachment generally
close to the chelifori, and a neck-like constriction of the
supporting segment often puts them far apart from the
ovigerous legs. Yet, when the segment is very short,

they are sometimes brought into dose contiguity with
these, which in their turn lie close to, or rarelv at a little

distance ajiart from, the first pair of walking-legs. The
ovigerous function has been already discussed. The third

appendages to which it belongs have other claims to

attention. In the first place, however convenient they may
be to their possessors, they are very trying to the syste-

matist. Tliey helped Savigny to a comparison of the
Pycnogonida with a crustacean type, but it was fanciful

and untenable. When the comparison is transferred to

all existing Arachnida, Kienenia mirabilis included, this

third pair of appendages appears to be a pair too many.
Semper overcomes this difficulty by regarding them as a
new formation, and Meinert thinks this a fair solution, in

opposition to Dohrn, who regards it as an explanation

which merely confesses inability to explain. In regard to

the Entomostraca a theory was long maintained by the

late distinguished professor, Carl Claus, that the two
branches of a crustacean hmb could separate and form
two apparently distinct appendages. He sometimes com-
plained that this discovery was ignored or not sufficiently

appreciated by the scientific world. One sees how exceed-

ingly convenient it would be in the present difficulty if one
might suppose that the second appendages in the Pycnogo-
nida were mere offsets either of the first pair or the third.

There are obstacles in the way of this solution. The
bifid structure, so common in crustacean appendages, has

Ovigerous leg of Colossendeis gigas, Hoek.
Hoek.

Xatiiral size. Prom

no pi'ominence in those of the Arachnida or Pycnogonida.

But the position of affairs would not be much improved if

it had, for it so happened that, just as the world was
coming to accept the late professor's theory, solid objections

were raised to it by other naturalists and eventually it was
abandoned by its author. The origin, then, of this third
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pair of appeiulatfi's remains inystorions. The miiiutiaj of

their structure, witliout makint; much a])pi'ai to the unaided
eve, show some striking and beautiful eharai-ters under the

microscope. Tiie weak-looking joints at the end of the
limb are usually bordered with rows of spines, of which
the varied sculpture would scarcely be suspected until it has
been seen under a high magnification. The numbers and
shapes of these leaf-like and sometimes strongly denticu-

late spines are helpful in generic distinction. The number
of them may be (juite trivial or it may amount as in

Cnlogsemlein (jirjae, Hoek, to several hundn>ds. The worn
condition of the apparatus in the specimen figured implies

a period of active service, and considering that the species

in question is capable of growing legs twelve inches long,

it mfiy well be that the cleansing appendages find them-
selves severely taxed in brusliing up and keeping trim all

the four jiairs.

Unlike the organs already discussed, the ambulatory
limbs, with only one known exception, have always the
same number of joints, which is nine. Gnamptorhynchus
ramipes, Biilim, is without the terminal joint in the first

pair. Of the nine joints, the middle three are almost
invariably the longest. In other respects there is abun-
dance of variation, distinguishing legs that are stumpy
from legs that are of a marvellous attenuation, legs that

are spiny from legs that are smooth, and especially legs

that have the ninth joint or claw accompanied by a couple
of auxiliary claws from legs that have no such accessories.

Dr. Meiuert says, "These auxiliary claws are really the
terminal claws of the foot, originating from and attached to

the last joint (the claw) of the foot. In so far they are real

Spines iiiiitli jiiiiif. oi' oviycroutt

JIi{;lily niiignified.

log; Colossciuleis yiyas, Hocli
irom Hoek.

claws, and correspond to the claws in the Arachnida and most
Insects. Corresjionding claws are wanting in the Crustacea,
and therefore their presence in the Pycnogonida is of no
small systematic importance; it is to be remarked, however,
that they often become rudimentary or quite disappear,
but, nevertheless, they may be said to be typical in this
group of animals." As qualifying this view it should be
borne in mind that supplementary claws are not unknown
among Crustacea, at least as occurring on the inner side of

the principal unguis, while on its outer side the Ainphipoda
quite usually have a seta at the very ])oint at which in

pycnogonids the auxiliary spines originate. But between
setae and spines nature has left no interval unbridged.
To complete the account of the ap])endage8, the patient

reader must allow his thoughts to be transferred to the

time when the young pycnogonid is just escaping from the

egg and still trusting to the benevolent support of its

father's arms. Between the emerging larva, more compact
than graceful, and the parent, usually with long, slim,

radiating limbs, there is almost no resemblance. In the
earliest stage, which may exceptionally be passed within

the egg-cover, the little creature has no abdomen, but a
swollen trunk and three pairs of ajjpendages, this latter

characteristic suggesting a comparison with the crustacean

nauplius. But here the first pair are chelate, and the

li (

L;irva of Pi/cnoponum lUtorale, Brunnieli. ^Vftor Krbjer.

two following pairs are simple, not two-bi-anched as in the

nauplius, so that the difference is very substantial. With
the progress of development the four pairs of walking-legs
successively ajripear. But in the meantime, according to

Meinert, the second and tbii-d larval appendages are

thrown off, and then the " palps" and " ovigerous legs
"

come on to the scene, Meinert's theory being that these

are not representatives of the two discarded larval pairs,

but of quite independent origin. Hence he affirms that

the typical number of j>airs of limbs in the Pycnogonida
is not seven but nine, Of these nine, he holds that the
last four pairs " are not at all homologous with the
ambulatory legs of the Arachnida, but in all likelihood

with the four pairs of small processes that have been
pointed out in the abdomen of the Arachnid-embryo."
Taken altogether, the arguments he uses to justifv his

classing this group among the Arachnida may rather

incline observers to leave him in this respect ploughing a

lonely furrow. In 1891, Prof. G. 0. Sars expressed the
belief " that all naturalists are at present unanimous that

those animals [the Pycnogonida] can neither be referred

to the Crustaceans nor the Arachnidans, but must form a
class by themselves."

Future researches may at any time remove the group
from its splendid isolation. For the present, in regard to

external relationships, we shall do well to leave it alone in

its glory. Within its own confines there remains to be
considered the relative importance of agreements and
differences on which the distinctions of its species, genera,
and families have been founded.
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Conducted by M. I Cep§s

PoSD-i.iFE Collecting in Junk.—The months of April

and May have been so abnormally cold this year that it is to be

expected many of the pond organisms which usually make their

appearance in May will have been retarded, and will only come
on in June. There are, hawever, summer forms which hardly

ever occur earlier than June, and the most interesting of these

amongst Rotifers is Pedalion ruiriitii, with its si.\ arthropodous
limbs : Si/nc/i(Ftu stylata, with its long-spined floating eggs, and
Si/richirla qrandi<, the largest species of this genus, may also now
be looked for in lakes and water reservoirs, as well as the rare

free-swimming FlosritlarM peltujica. In the same waters will

be found two free-swimming colonies of Yorticella : Ejjisli/lis

roliiiu and Zoothamniuin limnelifum. In June it often happens
that certain wator-fleas, Daphnia and Bosmiua, also Cyclops and
their larva?, increase to such an extent as to render the existence

of free-swimming Rotifers almost impossible in these waters, and
the latter consequently quickly disappear, though they maj' have
been swarming a few weeks earlier. In ponds, however, where
this does not occur. Rotifers of many genera may be found, and
attached to submerged water plants Lacinularia !>ociaUs and
Meijalolriicha allio-jiarii-aiis should be looked for, whilst in reedy
ponds the free-swimming spheres of Cnnochihis rolvox may
occur. Mossy pools, in addition to their special rotiferous fauna
of I'hilodinii , Cntlhliiio-, Adlnetti. Cuthi/jyim, Di.<ti/lii, and .I/oho-

«ty/<i, will also contain waterbears and shelled Rhizopods such as

DIHtujia and ArcflUi and numerous free-swimming Infusoria.

Polyzoa, such as PltiniateUa repens. FredericcUa sulUina, Luph'ipus

cii/slalliniis, and CrhhitcUa mucedo, though not common, should

be abundant in suitable localities.

CovER-f;r..\ss Correction.—With dry microscope objectives

of considerable numerical aperture, the thickness of the cover-

glass through which an object is examined is found to seriously

affect the definition of the image : an objective which is quite

satisfactory with some definite thickness of cover-glass showing
decided spherical aberration in the sense of under-correction

when the cover-glass is thinner, in the sense of over-correction

when the cover-glass is thicker, than the standard adopted by
the optician. This spherical aberration results from the refrac-

tion of the raj-s in the plane surfaces of cover-glass and objective-

front respectively, and is negative for the cover-glass suiface,

positive in the front lens-piano, the latter preponderating owing
to the greater diameter of the cone of rays from the object

where it enters the front lens.

With the right thick.iess of cover-glass, the remaining under-
correction is exactlj' balanced by an equal over-correction in the

lenses of the objective ; but a thin cover-glass ]>roduces insuffi-

cient over-correction (the diameter of the cone of rays being

too small where it meets the surface of the cover-glass) ; a thick

one too much.
As it is not practicable to strictly adhere to the standard

thickness of cover-glass adopted by the makers of an objective,

it becomes necessary, at least in critical work, to compensate
for the effect of the cover-glass, and this can generally be done
in two ways, viz. :

—

1. The tube length is found to affect the spherical correction,

lengthening of the tube introducing over-correcti<m, shortening
of the tube under-correction. Hence, we may generally secure
good definition with objectives in fixed mounts, even when
tlie thickness of the cover-glass differs considerably from the
standard, by adjusting the tube length, thick covers requiring
a shorter, thin ones a longer, tube. It maj-, however, be
mentioned that some of the relatively cheap " achromatic '' or
' semi-apochromatic " objectives by leading Continental makers
form a curious exception ; they give very good definition with

their standard cover-gla.ss, but no alteration of tube length

seems to enable one to get anything like the same definition

with cover-glasses of considerably different thickness.

2. With objectives of short focus the range of tube length is

hardly sufficient for the purpose of compens;ition ; for these

the adjustable mount— "correction-coUar''—is a very desirable

and useful arrangement, which acts by altering the distance

between the front and back len.ses of an objective. A reduction

of this distance introduces under-correction ; an increase, over-

correction, and a scale on the " collar" serves to indicate the

position of the lenses.

>Iost English opticians seem to adhere to the old plan—very

convenient and inexpensive to them, but puzzling to the micro-

scopist—of an arbitrary scale ; the German plan of carefully

marking the scale so as to show the thickness of the cover-glass

in l/10l)ths of a millimetre seems ever so much more convenient

and useful.

With an objective having a scale thus divided and an object

under a cover-glass of known thickness, the use of the collar is

simplicity itself ; we simply set the collar to the division of the

scale corresponding to the thickness of the cover-glass, and the

tube length to that stated by the maker, and the instrument
will at once give its best defiuitiou.

But generally these ideal conditions do not exist, and then

the adjustment of the tube length, or of the correction-collar,

becomes a delicate and difficult operation, which miy, however,

be accompbshed in a systematic manner, if we bear in mind that

we are aiming at the elimination of ''spherical aberration.''

The latter may be defined as a difference of focus between the

central and marginal zones of an objective. Hence the correct

tube length or the correct position of the correction-coUar has

been found when some strongly-marked detail or outline of the

object remains in exact focus under anj' change of illumination,

say from a small to a large diaphragm oi)ening, or, better still,

from central to very oblique light, these changes being of course

made very carefully so as not to disturb the other adjustments.

The following mudux operandi^'Wl be the safest and quickest.

Sfcirt with the sliortest tube length, or when there is a correction-

collar with the position corresponding to the thickest cover-

glass, carefully focus some sharp outline with, say, a \ central

cone ; then change to a J cone, or, still better, to very oblique

light. Unless the object—owing to an exceptionally thick cover-

glass or a very badly-adjusted lens—is beyond the range of j-our

adjustments, you will find evidence of under-correction, that is,

the lens will have to be brought closer to the object with the

wide cone, or oblique light, than with central light.

Gradually lengthen the tube, or turn the collar, repeating the

above observation after each changing until all evidence of

.spherical aberration has disappeared ; the instrument is then in

correct adjustment uilhin your mni limits of rision.

It is advisable to start with the adjustment corresponding to

the thickest cover for the simple reason that this lessens the

danger of running through the cover-glass and destroying the

object and possibly the front lens of the objective when dealing

with a lens of a short working distance.

Pkactical Sche.me.—A reader—Mr. J. Searle, of Oporto

—

has kindly sent a considerable number of centipedes of an
unusual kind, which I have so far been unable to get identified,

for distribution among readers of Knowleixje. Unfortunately

they have been sent in a dry condition, and very few of them
are, in consequence, whole, but, with care, very interesting slides

can be prepared of the various parts, and especially the legs,

which appear to be the most interesting feature.

I am hoping, within the next few weeks, to receive a further

quantit)' from this gentleman, preserved in .spirits of wine, and
shall be pleased to send a specimen to a limited number of readers

who apply for same, enclo-ing a stamped addressed envelo|>e.

The method of treatment for these insects would be as

follows :—Place them in water for three hours, transfer to ten

per Cint. of caustic-potash in distilled water until they become
soft ; this will probably take some days. When soft, pour away
the potash and add water, which must be changed several times

until all tho jiotash is washed away. Pour away the water and
add concentrated acetic acid and soak for twelve hours, or until

a convenient time for continuing the process, when they should

be transfen-ed from acetic acid to water and soaked for half an
hour. Lay out in the manner desii-ed, and after once more
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hardening in si)irit8 of wino, nnd clearing in clove oil, they
should be placed in turpentine and mounted in Canada balsam.

Full particulars of the above processes will bo found in the
many works that give instructions in mounting.

Advici; in rui;i'AUiNi; Si>F.riMi-.NS. -At this time of year
many microscopists will be collecting specimens which will

prove interesting under the microscope, and would, no doubt,
in many cases, wish to permanently iireserve them. I shall be
pleased at all times to give any advice or assistiince I can to aid
in such work.

NOTES AND QUERIES.
I{. W. .S.—Dcsmids should grow well in a shallow cell in

some of the water in which they were found ; taj) water will

not do. I am unaware of the existence of the article in the
journal you mention.

T. II. ^4.—The specimen you send is not sufficiently perfectly
mounted for identification, but it looks uncommonly like the
Spinning Mite of the lime tree, Tdruuychus telarius.

hinoramus.—Good portable microscopes, as well as instruments
suitable for the purpose of an amateur, are supplied by all the
makers whose advertisements appear in these columns. For
examining flowers, etc., Mr. C. Baker, of 244, High Holborn,
makes an especially convenient little instrument called the
" Plantation " microscope, which would probably do all you
require. Good second-hand microscopes can be obtained from
several houses, and particularly Messrs. Clarkson & Co., of
Bartlett's Buildings, E.C. The book that you would probably
find most serviceable is " A Popular Handbook to the Micro-
scope," by Lewis Wright, price 2s. 6d.

C. M.—I have referred your letter to the gentleman who has
kindly consented to act as consultant with regard to Rotifera,

and he replies as follows :

—
" I am afraid that the smaller

Entomostraca are, like the poor, always with us. When
collecting myself, I pass all the water through a small strainer

(sold in the streets for a penny), and I find that this keeps out
all the larger forms such as Daphnia, etc. I must admit I do
not find many free-swimming Rotifers as large as Daphnia or
Cyclops, unless the latter are very small, but I think your
correspondent would find it jiossible to make a muslin strainer

coarse enough to let through most of the Rotifers, and at the
same time keep out all the large Entomostraca. But to get rid

of Cypris and Chedorus I am afraid will require a pipette and
infinite patience."

Correspondence is invited on the subject matters dealt with
in these columns. Readers may see subjects from different

points of view and their criticism will be welcomed.

Communications and enquiries on Microscopical matters are

cordially invited, and should he addressed to M. I. Ckoss,
Knowledge Office, 326, High Holborn, W.C.

NOTES ON COMETS AND METEORS.
By W. P. Denning, f.r.a.s.

New Comet (1902 A).— A new comet was discovered by Mr. W. R.
Brooks, of Geneva, U.S.A., on the morning of April 15th, when it

was in about 344' + 29°, and two degrees north of |S Pegasi. The
comet was travelling rather quickly to the south-east, and it was
observed on April 17th by Prof. E. Hartwig, at Bamberg, who
described it as of 8.V magnitude, about three minutes of arc in diameter,

and with a tail nearv half a degree long. The object approached the

8im so rapidly that it was only observed for a short period, and it

arrived at perihelion on May 7th, when in a position about 25 degrees

south of that luminary. Thereafter the motion was directed towards
north-east, but it soon slackened and prevented the eomct from
emerging from the sun's rays to become visible in the evening sky.

The object receded rapidly from the earth, and its apparent brightness

declined to such a degree that it is questionable whether it was seen

at all after its perihelion passage, except from stations in considerable

south latitude. The comet's apparition may be regarded as a very
fugitive one, and the conditions appear soinev\hat similar to those

which affected the great southern comet of last spring, and confined

its visibility to narrow limits

Gheai Detonating Fikeball seen in Sunshine.—On the
morning of April lUth, at about lOh. 55m. G.M.T., when the sun was
shining brightly, a large fireball was seen in the northern sky from
Dunsink, Co. Dublin, and Carlow, and at about the same time a strange

i^ound was heai'd over East Tyrone by many people, who were startled

at its unusual character, and considered it either the presage or

u('<^oinpaniment of an earthquake. .\ large number of 'descriptions of

the i)henomenon have been published in the Iruh Timet, and a few
ac<'uunts have been privately communicated. From these the

following are selected ;--

Mrs. Martin, of Dunsink, says:-" While walking down the fields

iTiy atenttion was attracted by a rushing noise above my head, and
glancing up I saw a beautiful pear-shaped object, with a tail about
six times as long as the head, going in a northerly direction. The
head was of dazzling brightness, liaving the appearance of the electric

light, and changing to a golden shade before it vanished. Ar I

wat<!hed the object the tail suddenly broke in two, leaving the pear-

shaped head and part of the tail separate ; then the broken tuil seemed
to rush into the head, and drop out of sight. Before T saw the

object, and all the time I was watching it, which could only liave been
for tlirce or four seconds, I distinctly heard a rushing soimd T first

saw the meteor when directly over my head, and it disappeared at an
angle of 10" from the N. horizon."

Herr Boeddicker, of Lord Rosse's observatory, Birr, writes to Iho

Irish Times of April 27tli as follows:—"My attention has been
drawn to numerous letters concerning a rumbling sound heard over

East Tyrone, and ascribed by various writers either to a meteor or an
earthquake. That the former explanation is the true one is established

beyond a doubt by the fact that Master R. FitzMaurice, of Carlow,
saw the meteor at the same time, viz., lOh. .30m. (Dublin time). It

flashed into sight in the N.E. in full sunlight, and left a long train

behind."

Willi regard to the strange sound, the Rev. E. F. Campbell, of

Moy, says it occurred at lOh. 30m. (Dublin timet, and that he was
standing talking to his gardener at the time. The morning was
perfectly still, the sun shining, and mist rising. "The sound seemed
to be very deep in the heavens ; to the east it appeared to be far above
thunder distance, and about half as loud. It lasted from 30 to 60
seconds, and I can only describe it as being like the whirringof a very

large motor with a deep tone. I looked steadily at the point it seemed
to come from, but could see nothing, possibly, or probably, owing to

the thin rising mist " The Rev. E. F. Hutching^ of Market Hill,

Co. Armagh, says '' that a great rumbling sound was heard there on
Thursday, April 10th, at about 11 o'clock a m. (Dublin time), and
lasted about eight seconds. I have no, doubt whatever but that it

was of seismal origin, it being a full round booming sound, pervaded

by a regular wavy rumbling There was an absence of any crashing,

detonating, or rippling sound, such as more or less distinguishes the

explosion of meteorolites. There was no tremor in the ground or air

that I could perceive, but a boy of eleven years, working in a garden

when be heard the sound, ran and said the garden was shaking."

There appears to be no doubt, however, that from the near corre-

spondence in time between the rumbling sound and the visible

disruption of the fireball, that the whole phenomenon was meteoric.

It will be interesting to hear of further observations of the fireball,

which seems to have been a particularly brilliant object, even in the

presence of the sun, over the north-east region of Ireland. As seen

from Duosink, the meteor disappeared at an estimated altitude of 10°,

and if its position was then over Tyrone, in the neighbourhood of

Dungannon, its height must have been 15 mUes. The probable

radiant point would be in Pegasus, near /? Piscium, or in the eastern

region of Aquarius if the direction of the fireball's flight was from the

zenith to near the northern horizon, as observed at Dunsink.

Lak&e Meteoe.—Mr, G. Fisk, of Eccleshill, Bradford, wTites

that he observed a meteor brighter than Venus on April 20th,

lOli. 42m. It appeared to shoot from near a Draconis, and disappeared

near y Ursae Mmoris. It was intensely blue in colour, and cast a

distinct shadow, though the moon was almost at full. Duration of

flight, about 1^ seconds. It left very- little trail. This meteor, though
it appeared on the date when Lyrids are unusually numerous, was
directed from the region of !; Ursae Majoris and a Canum Venaticorum,

so that it could not have belonged to the periodical shower of April.

THE FACE OF THE SKY FOR JUNE.
By W. Shackleton, f.r.a.s.

The Sun.—On the 1st the sun rises at 3.51 a.m., and
sots at 8.4 P.M. Ou the 30th he rises at 3.48 a.m , ami
sets at 8.19 p.m.

Summer commences on the 22nd, when the sun is at the

solstice, on which date he remains above the horizon fur

16h. 35m.

Sunspots are infrequent; at the time of wriliuL,' the

sun's disc is devoid of spots.
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The Moon :

—

Phases.

June 6 New Moon
„ 12 D First Quarter

„ 21 O Full Moon
„ 28

j

([ Last Quarter

June 6 I ([ Perigee

„ 19
I ([ Apogee

G 11 A.M.

11 54 P.M.

2 17 A.M.

9 52 P.M.

h.

5 2 A.M.

49 P.M.

The following are the particulars of stars occulted

(luring the mouth and observable at convenient hours :

—

!>
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It is possiMe that some solutions m:iv havo f,'one astniy,

1111(1 may bi' rcicivcJ after this paj,')' lias <;oni' to press.

It woul'i savi; nuich trouble in fj;oiH^ tlirouj;!) solutions if

eorrespondonts would refrain from the complete analysis

which some appear to think necessary. Post-cards are

jireferred, and duals and claims for second solutions should
l>o clearly indicated. Some solvers have sent in claims for

duals on the third move, but these, under the conditions,

do not r.ouut.

Composers of "Leonard" and "All's veil thai ends

well."—Corrections received, and will be made accordingly.

Norseman.—April solutions correct, but too late to

acknowledge.
Composer of " Vega."—Since you have sent your name

and address it would be impossible to insert the problem.

G. S. Johnson.—As pointed out in my re))ly to you last

month, a problem cannot be admitted to the tournament
when the conditions as to sealed name and address have

not been observed. Nor could any correction be received

in the case of a problem which has been shown in this

column to be unsound.
H. D'O. Bernard.—In the circumstances I think that

your solutions may be accepted for this occasion.

G. F. Todd.—I "fear that your solutions were too late to

be counted.

Alpha —Tour revised solution of No. 3 is (juite correct,

but too late, as you say, to count. I (juite understand
that you are not a serious competitor, but solutions must
be acknowledged on a uniform system.

PROBLEMS.
No. 4.

" Three steps and a shuffle off.'

Blace (2).

White (5).

Wtite mates in three moves.

White (7)

Wliit« mates in throe moves.

No. 6.

" Trifolium Duplex."

^i^»,^ ^;^.

Whits (12).

White mates in three moves.

CHESS INTELLIGENCE.

A match between Scotland and the Northern Counties

was played last month at Manchester, with twenty-two

players "on each side. Scotland were defeated by 1.5^

games to 6
J.

The Cable Match between the American Universities

and a combined Oxford and Cambridge team resulted in

a rather easy victory for the Americans, the score being as

under :—

•

U.S.A.

0. T. Rice (Harvard) ...

F. H. SewaU (Columbia)

J. F. Sawin (Yale)

J. B. Hunt (Princi-ton)

H. A. Keeler (Columbia)

J. Adams (Yale)

I

England.

1 H. A. Webb (Cambrids<^)

1
j

W. M. Gi-undy (Oxford)
1

I

H. F. Davidson (Oxford)

1
}

F. W. Chrke (Cambridge)

i I H. Bateman (Cambridge)

H. D. Roome (Oxford)...

1^
i li

The Literary Difjest announces a Problem Tourney, for

two-move and three-move problems, the first prize being a

handsome silver cup. Problems must reach the Chess

Editor, 30, Lafayette Place, New York City, N.Y.

(U.S.A), by July 1. A solution tourney will be held in

connection with the problem tournament.

The Southern Counties Championship contest is drawing
near its conclusion. Gloucestershire have come out at the

head of the Western Section, with victories over Devon,
Somerset, and Wiltshire.

All manuscripts should be addressed to tlie Editors of Knowledge, 326, Hi^h
Holborn, London ; they should be easily legible or typewritten. All diagrams
or drawings intended for reproduction, should be made in a good black
medium on white card. While happy to consider unsolicited couCributious,
which should be accompanied by a stamped and addressed ouvelope, the
Editors cannot be responsible for the loss of any MS. submitted, or for delay
in its return, although every care will be taken of those sent.

Communications for the Editors and Books for Renew should be addressed
Editors, Knowledge, 32i3, High Holborn, London.

For Contents of the Last Two Numbers of " Knowledge," see
AdYertisement pages.

The yearly bound volumes of Knowledge cloth gilt, 8s. 6d., post free.

Binding Cases, Is. 6d. each ; po.st free. Is. 9d.

Subscribers' numbers bound {including case and Index), 2s. 6d. each volume.
Tndeit of Articles and Illustrations for 1891, 1892, 1834, 1395, 1896, 1897, 1898,

ISau, 19IHI. and l;Kil can be supplied for 3d. each.

All remittances should be made payable to the Publisher of *' Knowledge."

"Knowledge" Annual Subscription, throughout the world,
7s. 6d., post free.
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A CHART OF THE HUMAN HAIR-STREAMS,

SHOWING THEIR LINEAGE AND HISTORY.

Cy Wai.tkr Kidd, m.d., f.z.s.

The interrogation of Nature is the richest seed-plot of
science, and those who t-uJtivate it are rewarded in due
tiini' if only their foundations be " well and trulv laid."

Whatever the answers may be, they will never be other
than true, and we must needs abide by the result of our
iuterro.ffation. No <*raeles are delivered by Nature's voice,

rather does she teach by the Socratic method of questioning,'

her learners. Thus it is that, since the f;enius oi Hutton
op^'ned up the way into the new world of geoloL,'v, tlnTe
are geological problems staring us in the face as we ])ursue

our way on tliis planet, some inviting or compelling
emiuiry, some suggesting complicated and, perhaps, hope-
less study. It is not less so with biology, which a greater

than Hutton has illuminated, and where still the unknown
but knowable meets the naturalist on every hand.

To the simpler class of problems belong those facts of

the direction of hair on the human body, open to the study
of most- of us on our own persons or on that oi any young
hairy subject. Those who have not looked particularly

into the matter are not aware that, in addition to the well-

known hairy regions, every inch of the human skin is clad

with tine hairs, except the palms of the hands, soles of the

feet, third phalanges of the fingers and toes, and one or

two other small areas. The character of this growth
varies from a covering of hairs, so minute that a good
lens is needed for their detection, to a profusion of long

hair of a Simian character, reaching its maximum in the

Ainu or hairy aborigines of Jajian.

It is agreed to look upon this hairy covering as a vestige

of one which was of use to man's hairy, arlwreal, ape-like

ancestors, and to consider it as in process of disap])earance.

Whatever view we may take of its value, it cannot but be

subject to natural laws, and the canons of investigation

applied to other facts of Nature must be applied in this

small instance also.

The rate of growth of the human hair, on the head at

least, is an inch in two months, and it is probably less on
the general surface of the body.

The hairs are inserted in the skin at an acute angle on
every part of the body except the eyelids, where they are

at right angles to the surface, and wherever they are

found the hair-tracts have a constant direction for that

region. This sloping direction of hair is common to

nearly all lower animals, the mole being tlie most marked
exception, and the question cannot but suggest itself : Is

this slope adapted to the needs of the animal or man, or is

it adapted hij their habits? This debatable point cannot

be dealt with here.

It is proposed here to study the direction of the human
hair-streams and the causation of their various peculiarities.

Broadly speaking these streams, according to their range,

show two things about man : first, what he has been
;

secondly, what he has done ; or, in other words, his

ancestry and his habits of life.

The point which strikes one first in examining the chart

of these hair-streams is the very complicated direction

taken by them on the head, neck, and trunk, and on the

upper extremity, and the equally marked simplicity of the

direction of those on the lower extremity. Certain of

the former literiillv demand enquiry as to their cause, on

the sound principle that every phenomenon in Nature is to

be looked ujion as capable of explanation, whether by the

light of present, knowledge, or by future methods of

discovery. It is not necessary to employ hypothesis at all

extravagantly or to wait indefinitely for further light in

explaining most of these peculiarities in question. They
may be open to explanation by one of three hypotheses :—

1. They may have been created with the rest of man's
jihysical frame, as an adaptation to his habits or certain

of his needs. This view will hardly commend itself in the

light of present knowledge. Apart from other reasons,

the direction in which the human hair slopes in the greater

part of his body is immaterial to his comfort or well-being.

2. Adaptation and natural selection in the struggle for

life might help us. Here, again, the question of utility is

involved if such views are to be maintained. It is strange

to find such a statement as the following in an important
work for students on Physiology liy Mr. Leonard Hill,

who says without any reserve :
" The fine hairs on the

body and limbs of man are arranged, as in the monkey,
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to point in oortain directions so as to shoot off tli(^ rain

from the hody when climbing."*

This strttomont is not only contrary to reason Imt to the

facts of the case, as may be seen at once on reference to

the tigures, e.g., at the back of the neck, tiie front of the

neck, the chest, the back of t.lie trunk, and the outer sur-

face of the arm as far as tlie mi<ldle. Tlieso few regions

alone are enough to disin-ove Mr. Leonard Hill's statement.

In considering man's present covering of hair it is not

necessary to prove that, e.vcept in one or two exposed

regions where sexual selection may operate, selectionist

views as to the cause of the peculiarities in question cannot

hold. If it could be shown that they were survivals t>f

hair-slope useful to Simian ancestors, the case would l>e

different, but a glance at the figures shows this not to be

the ease, and some other cause for them must be sought.

3. They may have been modified from a simple type of

hair-slope through use- inheritance, and this is the view
held here.

According to the received view of man's physical descent

his prototype must have been Simian in form, pai-tially

assuming the erect posture, and perhaps combining some
of the characteristics of each of the four genera of existing

anthro]3oid apes.

It follows then that he possessed a hairy covering little

differing from that of a gibbon or a chimpanzee. In
other words, the primitive stock of man showed a simple

and very slightly differentiated covering of hair, whose
direction was, broadly speaking, from the cephalic to the

caudal end of his trunk, from the proximal to the distal

end of his limbs, and on his head the hair-streams either

parted in the centre like those of a chimpanzee, or passed

backwards from the jirojecting eyebrows over the low
frontal and parietal regions, and fell down his neck in a

vertical direction. An hypothetical diagram of this hairy

covering may be constructed, and is shown in Figs. A, B.

If this representation of the primitive hair-slope of man's
early ancestors be not allowed there is an end to the

validity of comparative anatomy, and the findings of that

great science are set aside in this instance as not agreeing
with certain other tenets. But I may safely take it that

the direction of hair indicated iu Pigs. A, B, cannot be
challenged except in some entirely unimportant details.

There is an illustration iu " Living Races of Man," Part
IV., p. 110, which is most suggestive on this point, the
dorsal surface of the body of a girl two years old being
figured and showing a veiy primitive covering of thick

long hair arranged exactly as the hair of a gibbon is

arranged, and this vfould seem to be a reversion to type
and a latter-day illustration of the manner in which man's
hairy prototype had his hairy covering disposed. The con-

trast in this illustration between the hair-slope of the case

in point and that of man, as we know him, is very striking.

The main tracts of hair on the body of man are repre-

sented on the accompanying diagrams and indicated iu

outline by arrows which point in the direction assumed by
the hair-stream of the parts covered by these arrows. Any
verbal description of these would be superfluous, and it is

only necessary to point out that the diagrams illustrate

the normal directions of man's hairy covering, and that
these are remarkablv (constant, whether in the fietus, as

described in 1839 by Eschricht, and 1857 by C. A. Voigt,
or in newly-born infants that I have examined, or in hairy
young adults, and even in older subjects whose hair has
not been worn oft' by friction. The only difference between
the direction of hair in an infant and an adult is that the
specially human peculiarities are more pronounced in an
adult.

• See " Manual of Physiology," p. 82ti

These hair-streams may be classified, bearing in mind
the direction of hair of man's early ancestors, and its

altered direction at the present day, into :

—

1. Primitive, derived from ape-like ancestor, marked by
arrows with single heads

;

2. Acunired (a) By morphological change, marked by
arrows with two heads

;

(b) By habit or use. marked by arrows with

three heads.

The division of man's hair into separate streams is, of

course, an artificial one, but is justified by a reference to

the diagrams, which show that the arrows merely indicate

th<! main direction in which a certain tract of hair separates

itself from surrounding tracts.

Two considerations must be alwaj's kept in mind in

studying man's hair-slope: first, that it must be looked
u])on as a stream; secondly, that in accordance with ana-

logy, it moves in the lines of least resistayice. As the hairs

are set at an acute angle and the rate of growth is about
an inch in two mouths, and as the growth consists in the
shaft being pushed out of the hair-follicle by changes
there, until its normal length is attained, when the end
wears off, there are present just those mechanical condi-

tions needed to produce a sloivly moving stream passing in

the lines of least resistance. The best illustration of this

process afforded by nature is a glacier, though the forces

in operation are of a different kind, and I would suggest

that the direction taken by the hair of man in many regions

of his body is governed as much by purely mechanical
laws as the windings of a glacier, and is equally far

removed from the province of adaptation to needs and
selection.

On the head the chief peculiarities are correlated with
morphological change, except at the edge of the scalp,

where varying methods of dressing the hair have availed

to produce a remarkable series of peculiarities found even
in infants, which cannot be here detailed.* Two are shown
in Pigs. E, F.

The face presents certain changes from Simian type
probably due to sexual selection.

The external ears conform rather closely to a Simian
arrangement.
The neck jjresents in front a remarkable reverse of slope

at the level of the larynx ^Fig. C), which can only Ije due
to some special human habit or use. It occurs closely at

the sjwt where any clothing worn round the neck ter-

minates, and as may be seen in the neck of a man with a
beard not too long, the influence of clothing does tend to

draw the lower portions of the neck-streams upward.
At the back of the neck two well-marked arrangements

(Pigs. G, H) are to be noted, and these occur about
equally frequently iu this country in any given number of

persons. It would appear that no other cause than varying
methods of dressing the hair in this "critical area " of the
hair-streams can have produced such entirely non-Simian
changes.

t

On the chest in front a remarkable arrangement is shown
in the Pig. C. The point of departure upwards of the
streams which go to form those of the neck, is found with
singular uniformity at the level of the second costal

cartilage or second intercostal sj>ace It is said in

Lydekker's " Royal Natural History " that something of

this arrangement is found in the gorilla. It is otherwise
in the young specimen at South Kensington, and not

* Sue Proceedings of .4nat4imieal Society of Great Britain and
Ireland, 190i.

t See "Journal of Anatomy and Pliysioloi;!,'' Vol. XXXV., p]i.

311,312,318; and " Use-lnliLritanie," " Walt.-v Kidd. (.i. and C^

Black. 1901.) pp. 39, 10.



JiLY, 1902.] KNOWLEDGE 147

visible iu tlie other three adult specimens. In producing

this luuuc'in peculiarity clothing is jirobably the efficient

cause. It is easy to see that in respiration, which involves

much movement of the upper ribs, a force is actiuj; in

inspiration and absent when the chest falls in expiration,

calculated to draw the growing stream of hair in this, the

line of least resistance. Here is an adequate cause acting

exactly corresponds to the direction which would be in-

duced by the normal attitude of man in sleep, viz., on one
or other side and with the head, and perhaps the shoulder,

raised on a i>illow. Here, again, as there is a force calcu-

lated to produce what we find existing for about a third of

a human being's life, it is unnecessary, according to "the
law of parsimony," to go beyond such an explanation.

f^Mr^ ffV^'d , ^''^^:ii' p
^7^1 ltt# Sim tk

i^fh^'fi

'^\

y

\

y^- e^oZdfncL^ <?e7.

Two views (A ami B) of tlic assumed prototype of Man, showing the jirimitive direction of hair.

Seven views (CD. E. F. a. H. I) of Man's bo'lv.—Primitive tracts of hair shown by arrows with single heads.

Those acquired by morphological changes marked by arrows with two heads.

Those acquired by use and habit marked by arrows with three heads.

during two-thirds of man's life, i.e., during daytime, when
the effects of pressure against clothing would come into

play.

(jii the lower part of the eh'.st and the front (>f the

abdomen such changes as are found are probably due only

to morphological change.

The side of the abdomen shows the singular parting-line,

figured (Fig. C) as extendinsr from the axilla to the level

of the umbilicus, here sometimes terminating in a whorl

and. in most cases, extending to the groin. Tiiis wholly

human peculiarity is most probably accounted for by the

fact that in sleep on one or other side, which is the greatly

predominant attitude, the arm lies along this parting and
determines the separation of the alidominal and dorsal

streams in accordance with the principle that these flow in

liie lines of least resistance.

On the haek the direction of hair in man and his ]iro.

totype are markedly contraetcd. . The upward Klnp., nhnwn

The equally strange slope of hair which is seen at the back

of the arm"-]>it is also directed iu a way which this force

referred to would produce. In addition to the mechanics

of the position during sleep, the mechanical eii'ect of sitting

with the back leaning against any supjKirt emphasizes the

existing direction on the shoulders and upper part of the

back. Our Troglodyte ancestors cannot well have been

luxurious persons, but even they must have had many
liours of their strenuous lives free enough to lean against

the trunk of a tree, the side of a cave, or some bank of

earth, and when we come to the case of modern man, the

opportunities tor such indulgence have been obviously

much increased.

On the upper extremitij the complicated slope of hair

strikes one on looking at Figs. C, D. On the upper half

and outer side the singular upward direction which begins

ut the insertion of the deltoid is clearly of the same

nature Rnd duo to the »ftmo GftUBivtion ivs the pefiuliaritifs
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on the l>ai'k. The lower half aud most of ilio forearm are

iMjually Simian anil Himple. The only except ion on the

forearm is the reversed slope on the extensor surface, due,

I siibmit, to the resultant of two foroes. a downward and

forward one,actin>,' when tliis part of the linih rests on

any object, as it frequently does. Tliis jioint does not

distinguish man ranch from ajies and monkeys, and in all

of these grouj^s similar mechanical forces operate to

produce it, including in the latter the effect of tropical

rain, in their arboreal lives. I have referred at much
more length to the causation of this hair-slope else-

where,* and need only say here that it is more
]in)lial)le that adaptation hij habits aud use is a far more
intelligible cause for it than any adaptation to the needs

of the animal on which selection might act. This pecu-

liarity is found very marked in carnivores, such as a short-

haired doi;, and ungulates such as certain antelopes, which
lie with their fore limbs planted in front of them, in the

very attitude calculated to produce this slope.

On the lower extremity the direction of hairs is as simple

and primitive as that on the nj)per is complicated and
acquired. The only area worth noting is the upper third

of the back of the thigh, where the effect of the sitting

attitude is clearly able to produce the direction indicated.

On the rest of tLis limb so few forces act on the skin

surface with any uniformity that it has retained its

primitive slope of hair.

It is worth noting that the theory of use-inheritance

carries with it the view that the effects of disuse are

inherited, and this is remarkalily illustrated by the way in

which in a very hairy subject, the growth of hair on the

leg ceases sharply at a point opposite to the ankle-joint.

It is difKcult to see how any other influence than that of

the friction of a shoe or low boot can produce this sudden
transition from a hairy leg to a nearly hairless foot. The
contrast also in a very hairy man between the great amount
of hair on the back of the hand and the appearance of

scattered long hairs on the instep of the same subject is

most suggestive.

In addition to any interest possessed by these facts,

they have a bearing on heredity. The inference to be
drawn from them seems to be that acquired characters
may, and in this case are, inherited. If the descent of
man be what it is claimed to be, he has somehow acquired
and ti-ansmitted a very remarkable series of changes of

hair-direction. It would seem that these can only have
arisen through habit, use, and the action of environments,
and by disuse, and that any reference of them to selec-

tion is estopped. There is no hair- tract of the human
body diverging from the ancestral type of slope which has
not an adequate and ascei-tainable mechanical force to
which the facts may fairly be attributed.

Tlip illustrative plate lias been prepared under my direction by
Mr. R. E. Holding, who has greatly assisted my demonstration of the
nihjpft.

FORE-LEGS AND THEIR USES.

By E. A. Butler, b.a., b.sc.

The common lobster furnishes one of the best possible

illustrations of a curious principle that finds expression in

the organiiiation of animals whose body, like its own. is

composed of a succession of segments with jointed
appendages, or in other words, animals belonging to the
great sub-kingdom Arthropoda. The principle in question

* Proe. Zoological Socicft/, London, June. 1903, pp. 676-77

;

" Journal of .inatomy and Plivsiology," Vol. XXXV., p. 319 ; " Use-
Inheritance," pp. 2S^33.

is that the paired appendages of the different segments,

though all construct<!d upon the same plan, may become

so modified in form as to be adapt<.'d to the discharge of

the most diverse functions. And so we find that in this

particular animal these appendages subserve the functions

of progression, whether by walking or swimming, of

attack and defence, of manipulation and mastication of

the food, and of sensation of various kinds. Amongst
insects, too, which are equally arthropodous animals, we
find that those apjMindages which have assumed the

character of limbs, and are, as a rule, adapted for locomo-

tion of some kind or other, may yet, by still further

modification of their form, become well suited for the

performance of other functions quite remote from their

original purpose. It is the first of the three jiairs of legs

with which an insect in its adult condition is furnished

that exhibit this peculiarity in the greatest degree, and I

propose in this paper to consider in detail the varied

functions which are discharged by these same limbs

amongst British insects.

We may distinguish in these fore-legs six different

types, which are generally distinct, not merely in function,

but also in shape and appearance. They may be called

the ordinary locomotive type, the prehensile, the raptorial,

the fossorial, the auditory, and the brush type ; or, to jmt

it in other words, insects may use their fore-legs to aid

them in walking or running, in clasping and retaining their

mates, in catching their prey or in steadying it while it is

being devoured, in digging through the soil, and even in

listening to insect music, or again, their front legs may be

shortened and covered with a dense mass of hairs so as to

look like a brush, and to be quite useless for walking.

By far the greater number of insects of eom-se use their

fore-legs as they do the other pairs, for locomotive

purposes, and we may consider the locomotive as the

normal type of leg, and the rest as modifications of this.

As we shall have to make frequent reference to the

different parts of the leg, it is verv desirable that the few

technical terms it will be necessary to use should be

thoroughly grasped once for all, in order that the rest of

the paper may be intelligently followed. What then is

the construction of the ordinary locomotive legr It is

composed of five parts (Fig. 1). Beginning where the

leg joins the body, we
find first, the coxa, a joint

which varies very much
in shape, but always
attaches the leg to the

general armature or ex-

ternal skeleton, in a cavity

into which it exactly fits.

The shajie of the coxa

and the method of its

attachment determine the

directions in which the

leg as a whole can move,
and fix the limits of its

action. A small joint comes next, called the trocJiaiiter.

This is succeeded by the two main divisions of the leg,

viz., the thigh ov femur, and the tibia or shank. Finally

we have a set of two, three, four, or five sm.all joints,

called collectively the tarsus, or foot, and at the end of

the last joint there is usually a pair of hooked claws. The
tarsus is the only part of the leg that comes in contact

with the ground, and its many jointed condition gives it

the necessary flexibility for securing firm foothold when
the insect is travelling over uneven surfaces, as would
nsu.ally be the case. At the points of junction of the

different divisions of the leg, the Ijend is successively in

opposite directions, just as in our own limbs. Thus the

Fig. 1.— Le;,' of Stag Beetle.

c, coxa; f, trochanter; /, femur;
s, tibia ; d, tarsus.
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femur bends up from the coxa and trochanter, the tibia

liends down from the femur, and the tarsus bends up
again from the tibia, so that the angles caused by the

bendiuLT are alternal«lv' on opposite sides of the leg. The
figure shows this verv well.

A little thought will show that the exact method in

whiih these legs are used must differ according to the

yiosition of the leg on the body. Koughlj we may say

that the fore-leg pulls (he body forward, while the hind-

leg pushes it, and the middle one serves as a sort of jiivot

or biUanciug jioiut. The general rule in walking or

running seems to be that the first and third legs of one
side, and the middle one on the other, are put forward
simultaneously, or nearly so, for the first step, and then
are followed by the other three for the next, so that the

insect proceeds by means of two tripods which are planted

on the ground alternately. In taking a step forward
therefore, the right fore-leg, say, will be advanced, and
with it or immediately after it the left midille leg and the

right hind leg. In advancing the fore-leg, however, the

limb is of course stretched i>ut to the full, and as the body
moves forward, the joints of the legs close up. The
reverse is the case with the hiud leg. This is in the

contracted condition at the beginning of the step, and is

opened out as the step proceeds, thus of course acting as

a thrust behind, while the fore-leg e.verts a pull in front.

As a rule these movements are effected with very great

rapidity, so that the eye can hardly follow them, and
hence it is no easy matter to verify the above statements
by merely watching a moving insect. A good deal of

j>atieuce and mental concentration is required to watch
six moving objei:ts simultaneousl}', .and determine the

order of their movement, even when it is not very rapid,

and in most insects it is far too rapid to admit of a

determination in this way. If, for example, the observer
were to try the experiment on a kitchen cockroach, following

it about and keeping his eyes steadily upon it all the time,

he would probably be conscious merely, of a dazing motion,
tiring to the eye and defying analysis, and his patience

would be exhausted long before he could satisfy himself
as to the true scheme of progression. But by photo-
graphing the insect at exceedingly short intervals of time,

a minute fraction of a second in fact, on a revolving film,

a series of silhouettes is obtained of the different phases
of a single step ; this is evidently equivalent to a slowing
down of the movement till it can be followed with the eye,

and thus it is possible to determine the order in which the
legs are advanced and progression takes place.

Our second type of leg is that which may be described
as the prehensile one. This is a sexual characteristic

confined to the males, and is found fully developed only in

a small number of insects. The foot is converted into a
sort of clasping organ, and, in fact, becomes a kind of

hand, by which the suitor is able to secure and retain his

mate. In cerhvin water beetles the mt^thod of adaptation
is that of a great expansion of the basal joints of the
tarsus, whereby a kind of suction pad is formed which is

sometimes of great Ijeauty and delicacy of construction.

The most remarkable and beautiful example is that of the
great carnivorous water beetle (Dytisciis manjinalis). In
the male of this insect (Fig. 2, a) the three basal joints of
the tarsi are enormously broadened and made to fit close

together so as to form a circular pad. On the upper
surface there is nothing very remarkable about this exce])t

its size ; it looks as though the insect had been a martyr
to rheumatism or gout, and so had got its joints swollen
beyond recognition. • But on the underside these pads are
marvels of complexity and grace. Their surface is very
thickly set with what appear to be extremely modified
hairs. Two of these form circular cup-shaped discs, the

largest of which is about Jj inch in diameter. The
circumference of the discs is margined with fringed hairs.

The rest of the surface is closely covered with very much
smaller trumpet-shaped hairs, which are present in con-

siderable numbers, and the whole pad is thickly fringed

with simple hairs round its edges. All this ci>llection of

trumpets, cups, and fringes acts as a complex sucker, and

I If

Fig. 2 —A. Fore-foot of male Dytiscus. (i) Uppor-siJe.

(ii) Under-side.

B. Forejeg of male Crabro crihrarius. (i) Tibia,

(ii) Tarsus, t, tibia; .«, shield attaelied to tibia;

f, thigh ; p, projection from tliigh boneatli the

shield, appearing faintly through it ; c, claw.

adheres to the back of the female insect, the surface of

whose wing-covers is roughened by longitudinal furrows,

and thus rendered easier to hold. Another very common
water-beetle, flatter and rounder in shape, and called

Acilins sulcatus, is furnished with similar fore-feet, but
these two, with perhaps another common Dyliscus, are

almost the only insects commonly met with that possess

this peculiar apparatus.

In the great black vegetarian water beetle, Hydropkilus
2)ictiis, a slightly different arrangement occurs ; its fore-

feet are modified, it is true, and for similar purposes, but
in a different wa}-. Here it is the last tarsal joint that is

enlarged, and not the basal ones. This last joint forms a
great triangular disc, but it is not furnished with trumpets
and suckers.

Amongst the order Hymenoptera, a very peculiar

modification may be seen in certain species of the so-called
" sand-wasps." Ctabro cribrarius is one of the most
remarkable of these. It is a shining jet-black insect with
its body banded with bright yellow ; it is commonly found
in sandy localities, where it forms its burrows in the

ground, and in the cells it constructs for the rearing of its

brood, it stores uji flies of different kinds as food for the

young larvaj which will in due course be hatched from its

eggs. The male of this insect has so extraordinary a pair

of fore-legs (Fig. 2, b) that when one first sees them one
finds it difiicult to believe that the insect is not suffering

from a deformity, and it is only on noticing the distinct

outlining of the different [)art8 and the exact correspondence
of the two legs, that one becomes convinced that one is

dealing with a natural structure. The whole length of the
leg is affected more or less, and every joint is modified in

some extraordinary way. The thighs are short and
swollen, and produced behind into a most fantastic, five-

sided and rather twisted projection, near to which is a
sharp spine. Then the tibiae are expanded all along their

outer edge, so as to make a large shallow cup like a shield,

the surface of which is discovered, on holding it u\) to the

light, to be a kind of network with the meshes filled in for

the most part with a dark, but here and there with a
transparent membrane ; the aforesaid projection from the
thighs runs into the hollow of this shield, and looks as

thoiigh it were intended as a support for the latter; the

tarsi again are much dilated, and they terminate in two
unequal claws, the inner one of which is very long and
curiously twisted. The whole apparatus is about as

remarkable and complicated as anything to be found
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tliioiiglunit the lusecta. Several othor insects, closely

iilliod to this one, are uiodifierl more or loss in the same
manner, each one, however, with a ]iattern peculiar to itself.

The third type of fore-lep; is what. T have called the

raptorial, by which is meant that the peculiar formation

of the fore-legs has regard not to h)coTnotive requirements,

1)U< to the capture of living prey. In several instances the

l'(ire-legs are used for this ])urii<>se without any special

nioditication of form. This is notahly the case with the

groujt of water bugs called " sluitors," which may be seen

any day sitting on the surface of a pool, with their thin

long median and hind legs outstretched and ready to start

off at a moment's notice, skating over the water out of harm's

way. These two long hinder pairs of legs are set on at

right angles to the axis of the l>ody and in a horizontal

plane, in wliich the whole of their movements take place,

but the fore-legs, which are much shorter, ai-e set on in the

usual way, and as the insect sits upon the water, balancing

itself by its outstretched skating legs, its short fore-pair

rest with their tarsi only on the surface. And here we
see the advantage of having three pairs of legs. Two
pairs ai-e quite enough to steady the animal on the water

and keep it in position, and then the third pair is available

for any other duties, for in fact, these fore-feet seem to be

as useful as hands. By rubbing the antennae and beak
between them, these important organs are kept clean and

tidy, and further, these same limbs are useful for seizing

the flies and other small insects that frequent the surface

of the pond, and holding them in position while their

juicy bodies are being drained dry by the sharp beak of

their captor. No particular modification of form is

requisite in such a case.

But the water scorpions, which live at the bottom of

the pond, and could not conveniently manage in the same
way, have their fore-legs very remarkably altered both in

form and in the direction in which they can move. As
one of these insects was described in our last paper, we
may now take as our illustration its much commoner rela-

tive, the Common Water Scorpion {Nejxi cinerea). This is

an abundant insect in almost any pond, at least in England.

It cannot possibly be mistaken ; the extreme flatness of its

body, the curiously curved shape of its fore-legs, and its

long tail filaments will enable it to be recognised at a

glance. The first peculiarity we notice about the fore-legs

(Fig. 3) is that they move horizontally, and hence would

Fro. 3.—Head and Fore- Fio. k A. Fore-leg of Dung Beetle.

leg of Water Scorpion. B. Ditto of Mole Cricket. c, eoxa

;

A head; «, eyes; p, tborax; r, trochanter; s, femur; t, tibia;

c, coxa; t, trochanter; /, /, tarsus,

femur; rf, tibia; a, tarsus.

be useless for walking purposes ; this change in direction,

however, gives them a splendid power in thi> seizure of

prey, for, working from side to side as they do, their ends

meet in the middle and grip as by a pair of pincers any

object that happens to lie between them. The coxa;- are

stout and strong and project from the body straight

forward on each side of the beak. 1'he trochanter is much
larger than usual and servos to turn the corner so as to

enable the next part of the leg to stretch out sideways.

The lemur is by far the largest and longest i>art of the

leg, and its inner edge carries a distinct groove, the use of

which will api>ear presently. The tibia and tarsus together

are only as long as the femur, and they are so pW:ed as

to curve round from the end of the femur towards each

other, so that they «;au meet straight in front of the head.

When not in use they are folded inwards along the edge
of tlie femur, fitting most accurately into the groove afore-

said, just in the same way as the blade of a pocket knife

shuts back into the handle. The tarsus itself ends in

a sharp-pointed claw. Such is the limb which by slight

alterations of form has been transformed from a simple

harmless walking implement into a murderous weapon by

which living creatures can be seized and brought to the

mouth, while their juices are abstracted by the short and
sharp beak.

The next type of leg is the fossorial, or digging, one.

Many insects that burrow in the ground use their jaws for

nibbling away the earth, but others employ their legs, and
particularly the fore-pair, in scooping out the soil and so

working their way along, and there are certain modifica-

tions of structure by which a fossorial leg can always be

easily distingiiished. The many-jointed foot would of

course be too yielding to serve as the digging implement,

and hence the duty is handed over to the next part, viz.,

the tibia, or shank. In digging insects the tibia is strong

and stout, and furnished on the outer edge with very hard
and powerful tooth-like projections. It is chiefly amongst
the order Coleoptera or beetles that these digging legs are

found, and they attain their most characteristic develop-

ment in tlie grou]i of dung-beetles (Fig. 4, a)—hard-bodied

insects that inhabit the droppings of horses and cattle, and
are most useful as scavengers. They habitually lie buried

in the dung, and their digging legs are of great assistance

to them in working their way into and through the mass.

In the case of the largest examples, such as the " Watch-
men," or " Dor " beetles, these legs further aid in an
elaborate process of well-sinking, which is needed for the

projier location of the eggs. Beneath the mass of dung,

the female beetle excavates a deep and very accurately

formed cylindrical burrow, at the bottom of which she

l^laces a store of the dung together with one of her eggs.

This is destined to hatch in about a week's time, and the

young grub therefore finds itself started in life with a

well-furnished larder, the contents of which it can proceed

lazily to enjoy.

In all these digging beetles, the tarsi are a good deal

reduced in size and enfeebled in power, and one can readily

understand the possibility of their ultimat^'ly becoming
practically useless, and so being more or less aborted, for

as the tibiiB increase in size and power, the insect would
depend more and more upon them and less and less upon
the tarsi, which, indeed, might, it would seem, get in the

way of the digging operations. Such a stage as this has,

in fact, been reached in another insect, belonging to quite

a diii'erent order, the mole-cricket {Gryllotaipa viil(jaris),a.

member of the Orthoptera. This insect is as well adapted
for burrowing as the little quadruped from which it gets

its name, and the modification of the fore-limbs has, in the

two cases, proceeded on similar lines. In the mole-cricket

(Fig. 4, b), the tibia is enormously broad and strong, and
ends in four very powerful teeth which give it the

appearance of a hand, and it forms as good an excavating

implement as the wonderful hand of the mole itself. The
muscles required to work this powerful implement need

safe lodging and strong attachment, and hence the femur
too is widely dilated, and is almost as stout and strong as

the tibia. On the other hand, the tarsus has dwindled

away to a most insignificant size, and has been shunted on

one side where it lies underneath the tibia ; in fact, it is

not likely to be noticed at all except on close inspection,
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and the leg seems to end with the til>i;i, ou which, of
course, the insect walks.

One of the strangest and most unexpected of the uses
to whiih we could iniagiue a leg as beiui,' put is that of an
organ of hearing. Yet such seems to be one at least of
the functions of the fore-legs in the cricket and some
other allied insects. On the outer side of the tibia (Fig. 5)

Fio. 5.—Fore-tibia of House
Cricket, a, auditory organ.

Fk;. 6.—Fore-leg of Tortoise-

shell liutterlly. /, femur; ?, tibia;

«. tarsus.

a small oval space may be seen in which the strong
arnuiture which covers the rest of the body is reduced to a
thin and membranous condition, making thus a sort of

window or drumhead. Communicating witii this, inside

the leg. are the ends of a nerve, .ind it can hardly be
doubted therefore that the whole apparatus constitutes an
auditory organ, so that if these legs were amputated, the
insect would become deaf. Wlien one remembers that

crickets .are amongst the noisiest of insects, their incessant
chirrup l)eing a most shrill and penetrating sound, it

cannot be considered strange that distinct organs of

hearing should also be present ; the sound-producer
implies the soimd-perceiver ; the two functions are com-
plementary ; but still it is remarkable that the fore-leg

should have Ix-en selected as the most suitable site for

this important sense.

Our last type of leg scarcely deserves the name of leg

at all, as it is shrunken in size, and does not reach the
ground. It is met with in certain butterflies, which, so

far as walking is concerned, move about on four legs only
instead of the usual six. The Common Tortoiseshell

Butterfly will serve very well to illustrate this peculiarity.

Here the fore-legs (Fig. 6) are much shorter than the
other two pairs, though composed of the usual jiarts.

Their whole surface is thickly covered with long hairs

which project beyond the end of the foot, and thus
effectually prevent it from being used to rest upon, and
the whole limb has the ajipearance of a sort of dusting
brush. These small brush-like legs lie folded up ou the
breast, and their hairiness so effectually conceals their

form that they are with difficulty distinguished from the
general fluffiness by which they are surrounded ; hence at

first sight the butterfly apjjcars to be really a four-legged
insect, and it is only on poking abtmt carefully amongst
the hairy mass that the apparently missing pair are

discovered.

A NEW ALGOL VARIABLE. +43 4101.
A STRIKING illustration of the value of the lil)rary of glass
photogia|ihs collectt'd at this Observatory during' the past
seventeen years has been shown within the last few davs.
Comet 1!102a was discovered by Mr. Brooks on April 14th.
and It was found that a photO'.rraph had l>een taken here
on April 3rd with the 8-inch Draper telescope, approxi-
mately in the direction from which the comet came. An

examination of this plate was accordingly made by Mrs.
Fleming, superposing it upon another plate of the same
region taken with the same instrument on March 7th,

lOuO. No trace of the comet was found, ami in fact the
elements now indicate that it was a little beyond the
region covered by the photograph. One star, however, in
tlie constellation Lacerta, according to Heis. but in Cygnus
according to the Uranometria Nova, appeared faint on the
early plate and bright on that taken later. A further
(wamination showed that this object was the north pre-
ceding component of +43'^ 4101. Its position for 1900
is E.A. = 21h. 5.5-2m., Dec. = +43° 52'. The dift'erence

in right ascension of the two components is about 20s.,

the difference in declination 0''3. A further examination
showed that the star was generally bright and constant in

light, so that it must be a variable of the Algol type. It

is not very distant from the remarkable variable star

SS Cygui, which precedes it 16m., and is 44' south. This
last star was discovered at this observatory in 1896, and is

ordinarily faint^ becoming suddenly bright at intervals

which appear to be irregular. Only one other star,

U Geminorum, is known to undergo similar changes.
The star, SS Cygni, has l>een carefully studied here, several

hundred i)hotographs having been taken of it. It has
also been observed visually on several hundred nights
both here and elsewhere, but as yet the law regulating its

outbursts of light has not been discovered. Again the
advantage of the photographic method is indicated, since

each plate taken for SS Cygui can be used for studying
the new variable, or any others that may be discovered in

this part of the sky, as well as if taken for each alone,

while of course the visual observations of SS Cygni can
be used for no other star. The total number of plates

showing the new variable at full brightness is 388, of

which 1 was taken in 1889, 10 in 1890, 12 in 1891, 8 in

1892, 9 in 1893, 3 in 1894, 10 in 189-5, 37 in 1896, 184 in

1897, 30 in 1898, 37 in 1899, 28 in 1900, 7 in 1901, and 12

in 1902. Besides these, the star appears on 54 photo-
graphs taken with the 25 inch anastigmat, but they have
not been included in the present discussion, since the
proximity of the other component in some cases renders it

difficult to decide whether the variable is at its full

brightness or not. Besides these plates, 19 were found on
which the variable, which ordinarily has the magnitude
8-9, was of the magnitude 93 or fainter.

At first the jieriod was thought to be l'498d., but this

was found to be an error. The true period appears to be
about 31o04d., and the times of minimum are represented
by the formula, 2,410,01505 + 31304 E. The star

retains its full brightness for 28 days, its photographic
magnitude at maximum being 8'9. About a day before
the minimum it begins to diminish, attaining the magni-
tude 90 at I05d. before minimum, 95 at 94d., 100 at

S4d., lOo at 0-71d., 110 at 0-58d., and 11 5 at 43. The
light remains nearly constant for more than half a day,
with the minimum magnitude 116. The time of increase

is more uncertain, but apparently is nearly the same as
that of decrease. The period of this Algol star, 31 4 days,
is more than three times that of any other as yet discovered,

and the duration of minimum, 2 days, is double that of

S Cancri, the next in length. The period of S Cancri is

9'5 days', and the duraiiou of minimum 0'9 d.ay. The
last minimum of 4 43° 4101 occurred on A]iril 28th,
19112, at 21h. 33m, G.M.T. The predicted times of the
next minima .are Mav 30d., 4h. 51m., June 30d., 12h. 8m.,
July 31d., 19h. 2t-m., September Id., 2h. 44m., and
October 2d., lOh. 2m., 1902. ^, p, „Edward C. Pickering.

Harvard College Observatory,

Mav 6th, 1902.
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ASTRONOMY WITHOUT A TELESCOPE.

By E. Walter Maunder, f.b.a.b.

XV.—NEW STARS.

Thk ap])earance of a "new star" has, in all ages, l)eeii

felt, to be an impressive occurrence. The constellation

grouping's are so permanent in their eharactcr, that to .see

of a sudden some old familiar pattern amongst the stars

clianged in its featun-s by the sudden appearance of a

new member, a star like the other stars and not a planet,

for its place undergoes no change—is so at variance with

our ordinary experience, that it is no wonder that our

ft)refathers regarded such an event as partaking of the

supernatural. In the times before the telescope—indeed

we might go further and say in the. times before the

spectroscope—such an event brought no information with

it. It was impressive, it excited curiosity, but it convoyed

scarcely any lesson. The spectroscopic examination of

" new stars," on the other hand, has been extraordinarily

fruitful, though we are very far as yet from being able to

fathom the exact meaning of the facts which we have

observed. One thing is clear, namely, that bodies ap-

pearing so suddenly as " new stars " have always done,

and fading away again so quickly, must differ entirely

from the great host of permanent stars. And yet we
cannot but feel that the changes through which a "new
star " may j)ass in a few weeks, and the order in which

those changes succeed each other, may throw much light

upon the changes which have marked in the past, or will

mark in the future, the life-history of the more stable

memliers of the heavenly host.

It is this thought which makes the watch for " new
stars " of such importance. They offer to us a key, which,

however imperfect, is the only one which we can hope to

find to unlock the secrets of stellar evolution. And that

the "new star" may give us the fullest information

within its power, it is essential that it be subjected to the

scrutiny of the spectroscope whilst its light is still on the

increase. The importance therefore of a stringent vratch

on the heavens does not lie at all in the I'dat which will

justly attach to the observer who is fortunate enough to be

the first to detect a stellar outburst, but in the supreme
importance that not one of the few short hours during

which the star's light is on the upgrade may be un-

necessarily wasted.

Such watching is not for the casual star-gazer, nor for

the dilettante who has never taken the trouble to master

the star-groupings and the coming and going of the

planets. The planets especially are sad foes to such un-

qualified aspirants ; and just as the " Crab " Nebula,

Praesei)e, and even the Pleiades, have sent many eager

comet-hunters in hot haste to claim a comet medal, so

Venus, Mars and Jupiter have inspired hundreds of

letters to observatories or to newspapers to draw attention

to "the wonderful new star." One of the most amusing
instances of the kind was when the discoverer of the

pseudo-planet Vulcan announced to the Paris Academic
des Sciences his discovery of " a strange object in Leo,"

which proved to be no other than the planet Saturn.

The first duty, therefore, of the watcher for " new stars,"

is to work slowly, steadily, and systematically through the

constellations till he has made himself thoroughly ac-

quainted with the appearance, brightness, and position of

their every member. When he has done this, then night

after night it will be his task, whenever the skies are clear

enough, to carefully scrutinise all the stars within his

view. The labour will be great, but it must be borne in

mind that such acquaintance with the heavens and such

regular scrutiny of them are necessary for all the varied

branches of " Astronomy without a Telescope," S'j that Ihf

watch for " new gtiws " may well be inciilcntal only to

other lines of worjf. To Ix- the discoverer of a " new star"

renders an observer rightly famous, but as the experience

of the past fifty or sixty years shows that we cannot hope

to record a discovery of the kind more frequently than

once in nine years on the average, it is clear that it ought

to be made subsidiary to some more fruitful line of

research. The systematic t.-ye study of the Jlilky Way is

particularly a form of astronomy which might be combined

with it ; since it is on the Milky Way, or on its branches,

that all the Novie have been found, as the accompanying

diagram will show.

The most famous of all " new stars " is, of course, the

one whidi appeared in the constellation Cassiopeia in

November, 1572, and which is always associated with the

name of Tycho Brahe, since, though he was not actually

the first to discover it, he has left us the fullest and most
systematic observations of it. It was lost to sight in

March, 1574, after having been visible for seventeen

months. Thirty years later another " new star " appeared,

only less famous than the Nova of Cassiopeia. This one

was also observed for seventeen months, and is always

associated with the name of Kejiler, though its actual

discoverer was not Kej^ler himself, but one of his ]>ujals,

John Bronowski. Its position was in the right foot of

OiJhiuchus.

No such brilliant Novx as these have been seen in more
recent times, since both stars were reckoned, when first

seen, to be brighter than Ju2>iter ; indeed the star of 1572

ranked as equal to Venus when at her greatest brilliancy.

The first of those noted in modern times was, like that of

1604, discovered in the constellation Ophiuchus. It was
detected by Mr. Hind on April 28th, 1848, and was then

increasing in brightness. Four days later it attained its

maximum, which only ranked it of the fifth magnitude.

The second star of the list was discovered in the globular

cluster 80 Messier, which lies between Alpha and Beta
Scorpii. The third was detected by Mr. Birmingham at

Tuam on May 12th, 1866, when it was recorded as of the

second magnitude. It may be doubted, however, whether
this star is quite of the same order as the others. It had
been observed several years previously as of magnitude

9^, and it still remains visible, being now classed as a

variable under the name T Coronas. Still its outburst

must have been very sudden, for Dr. Julius Schmidt,

whose acquaintance with the heavens was of the very

closest, declared that about two and a half hours previous

to Mr. Birmingham's discovery, he had the constellation

of the Northern Crown under his observation, but had
noted nothing unusual. The next discovery was to fall to

his own lot. On November 24th, 1876, he found a third

magnitude star had appeared in the constellation Cygnus.
This star rapidly faded away, and was only of the fifth

magnitude on November 30th. Its spectroscopic history

was of intense interest, for, by September, 1877, the light

coming from the star was almost entirelj' monochromatic,
and corresponded with that which would be given by a
planetary nebula.

The next " new star," discovered independently by a
considerable number of observers in August, 1885, was
actually involved in a nebula, the great nebula of

Andromeda, and was close to the nucleus. This was
wlK.lly a telescopic NoiHi, and since that time several other

telescopic Novte have been discovered by means of the
photograjthic charts which have been made at the Harvard
College Observatory, or at its southern annexe at Arequipa,
Peru. But two Novx have been detected besides these,

both of which were naked-eye objects, and the history of

their discovery is La the highest degree encouraging and
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instructive for the " astronomer without a telescope." On
Foliruary 1st, 1802, an anonymous post-card was received

by l)r. Copelau<l at the Ruyal Observatory', Edinburgh,
with tlie foUowinL,' aniiauncinient :

—
'• Nnva in Auriica. In Milky Way, about two degrees

south of % Aurif^a?, preceding 26 Aurigai. Fifth magni-
tude, slightly brighter than % ."

That night the star was examined by means of an eye-

jiiecc prism at the Edinburgh Observatory, and its

spectrum was seen to contain many vivid bright lines,

which at once marked it as a " new star " of spectroscopic

Northern Honiisplieiv.

the moans at my disposal on the morning of the 31st ult., when I

made sure that a strange body was present in the sky, were Klein's
' Star Athia ' and a final! pofket telescope which magnifies ten
tim s."

An examination which Prof. Pickering had made of

photographs whidi had been taken at the Harvard College
Observatory of the region of the Nova, showed " that the

star was fainter than the 11th magnitude on November
2ud, 1891, than the (Jth magnitude on December 1st, and
that it was increasing rapidly on December 10th." It

would seem to have attained a maximum about December

Southern Hemisphere.

DisTBiDCTioN OK Nkw .Si'AES bklativk tu the Milky Wat.

(The Xov;v discovered by Mrs. Fleming on the Harvard Photographic Plates are distinguished by the letter /"above the date.)

interest, not inferior to the one which had made so great

.1 sensation in 18tifj. And the anticipations which that

first glance gave w^ere much more than fulfilled. Indeed,

Nova Aurigie opened an entirely new chapter in the

spei-troscojnc study of stars of its class ; but such study is

a|)art from our present purpose, which cannot l>e better

tultilled than by quoting the account given by the

discoverer, the Kev. Thomas D. Anderson, in a letter which
appeared in Nature, February 18th, 1892.

" Prof. Copeliind has suggested to uie that as I am the writer of

the anonymous post-card mentioned by you a fortnight ago (p. 325),

I sliould tell your readers what I know about the Nova.
" It was visible as a star of the tifth magnitude certainly for two

or three days, very probably even for a week, before Prof. Cope-
land received my post-card. I am almost certain tlint at 2 o'clock

on the morning of .Sunday, the 24th uU . I saw a fifth magnitude
star making a very large obtuse angle with ^ Tauri and X -\urigie,

and I am positive that I saw it at least twice sub3e<iuently during
that night, t;nfortunately, on each occasion I mistook it for

26 Aurigic, merely remai'king to myself that 26 was a much
brighter star than I used to think it. It was only on the morning
of Sunday, the 31st ult., that I satisfied myself that it was a
strange body. On each occasion of my seeing it, it was brighter

than X. Uow long before the 24th ult. it was visible to the naked
eye I cannot tell, as it was many months since I liad looked
minutely at that region of the heavens.

"You might also allow me to state, for the benefit of jour
readers, that my ease is one that can afford encouragement to even
the humblest of amateurs. My knowledge of the technicalities of

astronomy, unfortunately, is of tlie most meagre description ; all

20th, when its magnitude was 4'4. It then decreased

slightly for about a month, fading to somewhat below the

.5th magnitude. When Dr. Anderson detected it, it was
again on the upgrade, and it seems to have reached its

maximum about February 3rd, after wliich it declined.

The star therefore had been visible to the naked eye for

fully six weeks before Dr. Anderson's discovery, a time

when it was evidently passing through the most interesting

and important changes. But for his zeal in studying the

heavens, it would without doubt have escaped notice

altogether, and the spectroscopic revelations which it

yielded would have been wholly lost.

This success naturally stirred Dr. Anderson up to niaking

the search for " new stars " his serious business, as he

narrates in a most interesting letter addressed to the

Observatory for March, 1902. He writes :

—

" I need hardly say that before the advent of Nova Auriga) my
astronomisings were fruitless— fruitless, that is to say, so far as the

rest of humanity was concerned—but far from being fruitless as

regarded myself, for there was for me, at least, a certain joyfid

calm when, after a long evening spent in writing sermons or in

other work, I threw up the window, and taking out my little pocket

telescope, surveyed the never palling gloi-y of the midnight sky.

But after tlie appearance of Nova .Vurigaj the thought occurred to

me that perliaps after all ' new stars ' might not be such rare

phenomena as had up to that time been supposed. The correctiiess

of that surmise has been proved by Mrs. Fleming's discovery since

then of no fewer than five of these objects on the- Harvard College
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photograplis, nltlimigh it is ccrtiiiiily Btrango that nil those yum
^ll<>ul(l liiive niipciired in the southcTii hi'iiiis|ihoro. 1 therefore

ropuh'cil to coDiiiienec ii soiirch for new stnra."

Dr. Anderson's purpose was not coiifiiioil to stars visible

to the niiktd pye, but exti-uded to all stars included in

the great work of Ari,'elaiider and Silujnfeld. This

necessitated his n\akiii^' eliarls for himself for the re^c'ions

south of + 40", a work which uioant the plottin;,' down
from their catalojj;ue places of more than 70,000 stars.

The instruments with which he worked were a large

binocular and two refractors, one of 2^ inches, the other

of 8 inches aperture, and which respectively enabled

him to see stars of the 10th and 11th magnitude. To
continue his own account :

—

"Thus armed I began to luint for 'new stars.' I worked with

might and main, never going to rest as long as the sky remained

clear, and often rising in the night to see if the clouds had passed

nwav, and if they had, hurrying downstairs to begin work either

uith the binocular oi' with the telescope. The chief obstacle that I

have to contend with in such work is that the only windows in this

house from which I can thoroughly examine the heavens, face the

north-west. Not only is my field of labour thereby very greatly

circumscribed, my telescope being only able to command that part

of tlie heavens which extends from the Equator to +70°, but the

discomfort is frequently not inconsiderable, as the northerly and
north-westerly winds, which so often bring with them transparent

and unclouded skies, are in winter and early spring far from being

balmy, and can make themselTes felt even when the window
shutters are partially closed.

" At first my search was mainly for Novce, and was prosecuted

by means of my binocidar. . . AVhen I came to see that

hunting for Novce was not attended by the success whicli I had
anticipated, I began, without entirely abandoning such work, to

make a systematic search for variable stars. For this I used my
2i-inch telescope, comjiaring what it showed me with the repre-

sentation of the heavens contained in the B.D. charts

I was always glad if after three or four months of searching, during

which I might have examined perhaps 20,000 stars and suspected

fifty or sixty of variability, I was able at last to come across one

whose brightness changed.
" I found Nova Pcrsei, I need hardly say, without either

binocular or telescope when I was casting a casual glance roimd the

heavens."

It was then no mere happy chance that the Council of

the Royal Astronomical Society were honouring, but the

most persistent and strenuous work, when at the annual
meeting of February, 1902, they conferred upon Dr.

Anderson the Jackson-Gwilt Medal. The words of the

President to him, when presenting the medal, put the case

briefly and clearly.

'Nova Auriga; was discovered by you on February 1st, 1892,
when of the 4th magnitude, and but for your discovery it might
liavc escaped observation. Nova Persci was discovered on February
22nd of last year at 2.40 a.m., when of 27 magnitude and low
down in the sky. This early discovery of yours made it possible for

Pickering to obtain its spectrum before its maximum was reached.

It is no small matter to have discovered one of these Norte, but it is

a veritable ioiir <ie force, such as i? priori would have seemed im-
possible to have discovered both, and I am delighted that we have
the opportunity to congratulate you on your success and to do honour
to your astronomical zeal and intimate knowledge of the sky."

One point with regard to the discovery of Nova Persei

deserves further mention, namely that Dr. Anderson's
discovery was made almost simultaneously with the out-

burst, for {)hotographic records show that so late as

February 19th the star must have been fainter than the

nth magnitude. It had probably only entered the ranks
of stars visible to the naked eye a very few hours when
Dr. Anderson remarked it. But it is gratifying to remark
that whilst, but for Dr. Anderson, Nova Aurigte would
have passed entirely without detection, the closer watch
whi(h is now kept upon the sky resulted in several

entirely in lepandent discoveries of Nova Persei. Herr F.

Grimmler discovered it the same morning at Erlangen ;

Captain P. B. Molesworth at Trincomali was not quite

twelve hours aff<>r Dr. Anderson, and four liours later

still Mr. Ivo Carr Gregg, at St. Leonards, had also

detected it, and communicating his observation to Col.

K. E. Markwick, the Director of the Variable Star Section

of the British Astronomical Association, the other

members of that Section were made aware of the event

before the news of Dr. Anderson's discovery had reached
them through the ordinary channels of information.

DISTANT WORLDS.
I.—A REVIEW OF SOME RECENT STUDIES

IN STELLAR DISTRIBUTION.

By C. Easton.

Everything is relative. This maxim applies to things

celestial as well as to things terrestrial. The planet Mars
is a distant world, but the distance which separates us

from it is insignificant when compared with the abyss

which yawns between the sun and the nearest stars: Alpha
Centauri, Sirius, Arcturus, which are distant 3, 9, 20 ligkt-

1/ears. Yet these worlds touch upon us, so to speak, for

the confines of our stellar system, of the Galactic system
(and perhaps there exist other galaxies in the depths of

space), are situated, according to Seeliger, at a distance a
thousand-fold greater, at a distance so stupendous that I

cannot resist the temptation to express it in kilometres ;

—

100,000,000,000,000,000.

There is no need for me to insist on the point that this

value is not a precise one. Nevertheless, it is based on
serious calculations and deductions, and it can at least

give some idea of the order of distances with which we
have to deal when we undertake the study of the Milky
Way. As for the number of stars contained in the

system, it is probably not less than GO millions, and is

perhaps still greater ; so that the total number of stars

visible by the naked eye—about 6000—forms only a

negligeable quantity of this prodigious sum, and even the

900,000 stars above the 9th or 10th magnitude, enrolled

in the "Durchmusterungs" of Argelander and Schoenfeld,

of Gill and Kaptejn, constitute but an insignificant

fraction.

I have referred to distances and numbers as prodigious

as these at the beginning of the article, since they may
serve as an excuse for not being yet able to present

striking and definite results, when I pass in review what
astronomers have found out about the structure of the

visible universe in the last four or five years, and both life

and progress are rapid in these days. Astronomy, as an
exact science, is still young ; it cannot venture far from
its homestead, the earth, without tottering steps, and the

objects which we study here are all near our horizon.

How comparatively easy would these researches become if

we could transjjort ourselves for a moment outside the

Milky Way, near one of the poles of our stellar system.

But the Milky Way surrounds us on all sides, and we are

somewhat in the position of a stranger who finds himself

suddenly planted on London Bridge, and who tries to

study the configuration of the metropolis without being

able to climb a tower. He would find some indications to

guide him in the trend of the river, the directions of some
principal streets, and in the crowd which surrotmds him,

but for the rest he must trust to the guidance of indirect

reasonings. The mind of man is in much the same case

when it tries to ]irobe " C'es fouriuilih-cs th rahiiiw," as

Victor Hugo calls the Milky Way.
Nevertheless, from what follows, I hope we shall see that

our knowledge of the structure of the universe has made
reiil and substantial progress since the epoch—1898—when
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Professor Seeliger, of Munich, set himself to again try the

"statistical method," that which concerns itself with the

apparent distriljution of the stars in order to infer from

this their real distribntion in space.* Seeliger utilised

for this the enumeration which he himself made of the

stars observed by Argelander. Krueger and Sclioenfeld

(as far as mai;nitude 95 or 1(1), beside a research of

Celoria, present Director of the Milan 01>servatory, on
fainter stars, then of the gauges of the two Hers-'hels,

and of a work which the author of this paper had
published some years before on the distribution of stars

of different mairnitudes in a portion of the Milky Way.
There is no need for me to dwell at length on these

matters (see Knowledge for August, 1895). I will con-

line myself to giving as succinctly as possible the cou-

clusions to which the German astronomer has arrived iu

his researches.

We know tliat the stars, taken as a whole, become more
numerous in iiroportion as we approach the Milky Way,
from which it follows that the phenomenon of the Galaxy
is intimately ciuinected with the distribution of the other

stars. Seeliger first shows that this pnjgressive increase

towards the plane of the Milky Way is not due to the

systematic en-ors in the brightness of stars, which have
been established in the Durchmusterung of Argelander.

He also shows that this progression is not regular, that

the stars of very feeble brightness—fainter than magni-
tude 11 or 11 5—are distributed quite differently from the

more brilliant stars ; we find these faint stars iu only

relatively small numbers near the poles of the Milky
Way; within the Galactic zone, on the contrary, they

are exceedingly numerous, and the same appears to

hold good for stars of a still feebler brightness, such

as Herschel's telescope scarcely sufficed to show. All

those stars, which apipear to us as minute light points,

are, for the most part, really confined to the Milky Way.
Thus the stellar universe does not seem to be indefinitely

extended in the Galactic plane. We can imagine it to be,

according to these researches, of a fairly thick lens shape,

filled with stars which are much more densely congregated
near the edges than near the centre of the lens. Our sun
is not j)recisely at the centre, but neither is it very far

removed from it. The soutliern zone of the Milky Way is

probably less rich in stars than the northern zone. These
conclusions are not new, but they rest on a large amount
of material, and on rigid mathematical development.

Seeliger estimates the distance between our sun and the

internal border of the zone of stellar condensation (that

is to say the Milky Way properly so called) as 500 times

the distance of Sirius—the annual parallax of this star is

about 0"-:i~, which places it at 88 light-years, or 500,000

semi- diameters of the orbit of the earth—the external

border as 1100 times the distance of Sirius. There lie

the limits of the stellar system to which the sun belongs.

This system reckons probably (according to Seeliger) from
2" to 41 millions of stars down to the magnitude just

visible in Herschel's telescope, a magnitude that we cannot

fix, but which we can estimate to be of the 13th or 14th.

As for determining more exactly the relative ])ositious of

the most crowded regions on the borders of the stellar

system—they must not be confused with clusters properly

so called, agglomerations of a more intimate nature

—

Professor Seeliger makes no effort to do so. " It may be

a rather vague expression," he says, " to speak of an
annular Milky Way, but these words indicate fairly well

the general distribution of the stars, but nothing hinders

us from esteeming certain portions of the Milky Wiiy to

•Seeliger: " Betrachtungen ueber die raumliche Vertheilung dor
FiMtcrne." Miinchen. 189S.

be neai'er to us, and others more remote, than the avenige
stars of magnitude 95 (Argelander), whose distribution

in certain parts of the zone presents a remarkable analogy
to the situation of tlie brilliant and dark spots of the
Milky Way."

Seeliger docs not admit that an ap])reciable extinction

of light can be made sensible in our stellar system. Such
an extinction, however, might easily prevent our pei'ceiving

other galaxies besides our own, whose existence Seeliger

does not presume to deny, although we have no undoubted
direct indication of it.

A Russian astronomer, W. Stratonoff, of the Observatory

of Tashkent, in Central Asia, has taken a different method
of placing in evidence the apparent distribution of the

stars.* He follows the cartogi-aphic method in continuation

of the work of the Italian astronomer, Giovanni Sshiaparelli.

It was Richard Proctor who especially demonstrated the

use of charting iu astronomy, and who drew from it im-

portant conclusions. Schiaj)arelli and Stratonoff not only

insert on their charts the stars themselves, but for each order

of brightness (magnitude —6 or 6 5, 66—7, 7"1— 75,
itc.) the relative densities of the stars contained in Arge-
lander's catalogue. Then they join by lines portions of

equal density, and they obtain charts resembling topo-

graphic charts on the earth where the contour-lines mark
out the greater or less elevation of the surface. The
|)ortions of the sky comprised between these lines are

therefore regions where the stellar density is very nearly the

same, and for greater clearness these regions are tinted in

colours of a depth the more pronounced in proportion as

the density is greater ; so that the region of the deepest

tint has, for a certain stellar class, an extreme density,

whilst, on the other hand, regions where the densities are

not up to (he mean density are left quite white.

It goes without saying that such charts are very useful

for showing at a glance where the stars of a certain mag-
nitude are more or less strongly condensed, and that a

comparison of the charts will teach us whether there ia

anything systematic in the manner iu which stars are con-

densed iu certain regions— as, for example, in the Galactic

zone, according as we take into consideration stars of a

feeltler brightness. Schiaparelli, in a work published in

1889, took into consideration both hemispheres, but ho
did not go below the magnitude t5'5—that is to say, almost

the limit of stars visible to the naked eye. Stratonoff goes

much farther, down to9'5th magnitude of Argelander, but,

on the other hand, he has had to confine himself to the

northern heavens. The results of his research are not the

less interesting.

We will enter now into the details of the stellar distri-

bution of which Seeliger alone has studied the general

features. An inspection of Stratonoff's charts shows us

at once that the stars do not cluster towards the entire

zone of the Milky Way continuous and uninterrupted as

we see it with the naked eye, but principally towards

certain parts in this bright band. It is as if the stars

were attracted particularly towards this region of the

Galaxy, and were repelled from that region. For the

brilliant stars these places of condensation in the Milky
Way are not constant ; thus the chart of the stars of the

class 0^65 show other maxima than those of the class

66—7-0; but soon— after about passing the 8tli magni-

tude—the condensation of stars of an intermediate

brilliancy preserves in general the same configuration up
to the limit of Argelander's catalogue. We find for stars

between the 8th and 10th magnitude, maxima of con-

densation in Auriga and Monoceros, and a minimum in

• W. Stratonoff : Public, de I'Obs. de Tashkent, II. ; " Etudes sur

la Structure dc I'Univcra." I. 1900.
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Perseu!", imd ])ro-c'ininentlj a inaxiintiiii very largo uiul

jironouuccd whose centiv falls in Cvgnus and which
sin'cads oviT Cassiopeia and Aquila. Outside the Milky
\Vav tho density of ArLjclauder stars, taken as a whole,
does not attain to any maximum.

It is worthy of notice that so loni; as it concerns the
relatively bright stars—by comjiansou with the minute
stars which especially ]>roduce the optical phenomenon of
the Milky Way—the naked eye perceives nothing of the

condensations that I have indicated here. The stars visible

to the naked eye grou]> themselves especially round Orion
and Argo in a zone which makes an angle of 20 degrees
with the Milky Way—"the belt of bright stars " recognised
and described bv Sir John Herschel.

In a second article I will compare the results obtained
by Seeliger and Stratonoff, with researches of another
order, to draw from them some conclusions on the subject

which is now occupying us.

THE "AMERICA" NEBULA IN CYGNUS.
By Di-. Mas Wolf.

Herschel records an exceedingly faint and very extended
nebulosity in this place. On the 12th of December, 1890,
working with a 5-inch Kriinz photographic doublet, I

discovered here a very fine and interesting nebula of
enormous dimensions, and very bright photographically.
As the outlines of the nebula almost exactly resembled
those of North America ou the map, I called it the
"America" nebula. I published a picture of it in

Knowledge for July, 1892. Last year I succeeded
in obtaining a photograph of it with my two 16-inch
Brashear portrait lenses. The photograph of the two
which is otherwise the better has a defect near the middle
of the ]>late ; the accompanying reproduction is therefore
from the other one. Although it is from the worse
negative of the two, it is a very interesting picture, and
shows very well the unrivalled beauty of the " finest nebula
of the sky." The extent of the nebula from north to

south is in all more than three degrees- The bright
nebulous star on the right hand (the west) is the star

f Cygni, and many interesting arms and wings of

nebulosity radiate from it.

The centre of the "America" nebula has the co-

ordinates :

—

R.A. = 20h. 54m. Dec. = 43° 45' (1855-0).

The jdate was by Schleussner ; it was exposed for four
and three-quarter hours in all on the evenings of July
12th and 13th, 1901. Scale one degree equals about
eight centimetres.

Heidelburtj. ^
THE USE OF HAND TELESCOPES IN

ASTRONOMY.
By Cecil Jackson.

IV.—THE STARS.
I will now describe a few objects within the reach of

hand telcsco]>es not exceeding two inches in apcrtm-e.

One of the most striking double stai's visible in a li or

2-inch telescope is Mizar (denoted in stai--maps by the
Greek letter ?), in Charles's Wain, or the Great Bear.

Fig. 9 shows tho position of Mizar in Chai-les's Wain.
There is also another beaiitiful double stai- in the ad-

joining constellation of Canes Venatici. It is marked
Cor Cai'oli in Fig. 9. One of the stars of this double
is a beautiful blue, or blue-grccn. It is a notable fact

tliat if o!ic of the stars of a double is blue the star of
this colour is the smaller of the two.

Fig. 10 sliows Mizar, as seen with my Ijl-inch telescope

X <-
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of tlie Swan is shown in Fig. 13. The Cross in the Swan
is to bo seen about overhead when darkness is coming
on during the months of July, August, and September.

Fig. 14 shows /? Cygni as s«en by me at about

Sh. 46m. p.m.. Aug. 21, 1895. The companion-star of

/3 is a lovely blue colour. For the purpose of observing

star-gi-oups it is sometimes desirable to use the terrestrial

* :

Cassiopeia's
Chair *. I

} + «, *a

Great '

Cluster in ', ^
Perseus *i^

+„ I Chief Stars in Andromeda

^r
Fio. 15.

ej'e-piece without the two lenses nearest to the object

glass ; that is to say, without the erecting lenses. The
two lenses nearest the eye-end are to be left in theii-

places. After replacing the eye-])iece when the first--

mentioned lenses have been removed, the draw-tubes of

the telescope will have to be pushed in much further
than Ix-fore in order to get the telescope into focus.

By removing the two lenses a large field of view is

obtained, but the magnifying power is much lowered,
so this method should not be resorted to when observing
planets.

Fig. 15—Cassiopeia's Chair, Chief stai-s in Andro-
meda. Great clust«r in Perseus. Cassiopeia's Chair is

on one side of the Pole-star; Charles's Wain on the
other. There arc veiy fine fields of stars to be seen
in this region in the Milky Way. The cluster in Perseus
is a fine sight, especially with a low power on a H or
2-inch telescope.

Fig. 15 shows the chief stars of Andromeda as situated

Fio. 10.

with regard to Cassiopeia's Chair. The Nebula will bo
found by moving the telescope backwai-ds and fonvards
horizontally in the neighboiuhood of the star v. At
the end of each horizontiil sweep of tho instrument,
elevate it a little, and then move it back again, only
over a higher strip of sky parallel to, and partly over-

lapping the first strip. Repeat this process till the

Nebula comes into view. Yoxi must, of coui'se, make
ruro of beginning your search hrlow the position of tho
Nebula. By making the strips of sky overlap the chance
of missing the Nebula between tho swcx;ps of the

telescope is avoided. The Nebula itself is oval, brightest

at the centre. This is a sketch of the Nebula made by
mo at about 5h. 35m. p.m., Saturday, Nov. 16, 1895.

My l|-inch telescope minus the two louses nearest the

object glass was used in making this sketch. The
Nebula appeai-s to consist of concentric rings as seen in

a photograph of it taken by Dr. Isaac Roberts in

Dec. 1888.

The star y Andromedse is a double star, the companion
being sea-green. The companion itself was found to be
double by Otto Stanivo in the year 1842.

In bringing these notes to an end, I hope I have
given sufficient information to induce some to begin to

study tho wonders of the heavens, oven though the

iustnunonts at their command may be of so humble a
description as a mere hand telescope.

Utttcrs.

[The Editors do not. hold themselTcs responsible for the oinnions

or statements of correspondents.]

THE VISIBILITY OF THE CRESCENT OF VENUS.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—Before « e can accept as facts such prodigies of

vision as the detection of the crescent of Venus, or of the
elongated figure of Saturn, with the unaided eye, we ought
to be able to exclude one source of error which is

very likely to vitiate such observations, viz., the regular

astigmatism of the eye which is present in almost all

cases.

The very name of this optical defect serves to indicate

the way iu which it may lead to mistakes. It was coined

by Whewell iu order to emphasize the fact that rays of

light proceeding from a point do not again unite iu a
point after passing through a refractive system of the

particular kiud called astigmatic.

In the human eye the cause of astigmatism is the

asymmetry of the cornea, and the direction iu which the

elongation of a point into a line will take place will depend
upon the direction in which the planes of greatest and
least refractive power are situated. It is most common
to find that the cornea is more strongly curved in the

vertical direction, and less strongly in the horizontal, but
the rule is not invariable.

If then anyone thinks that he can detect any " elonga-

tion " of Venus or of Saturn with the unaided eye, he
ought to check his observation, before rushing into print,

in the following way, repeating the observation with each
eye separately. Let him notice the exact direction in

which the elongation is seen. Then, keeping his eye on
the star, let him bend his head gradually down toward
one side, and let him notice carefully whether the direction

of the apparent elongation changes as he does so. When
the head is (piite down on one side the positions of the

two planes of greatest and least refraction resi.>ectively will

have changed places, since iu regular astigmati.sm they

are at right angles to one another in the eye. AccoidiiiLjly

the direction in which the star appears lengthened will be

now seen to be at right angles to that of its original lengthen-

ing if the elongation is due to ocular astigmatism, and will
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m)t be affocted by this change in the position of the hoii-l

if it is not due to that cause.

It. .7. KylK, M.I).

15, German Place, ]?i-i<,'htc)u.

[Mr. E. Sillence (Romscy) writes to say: "1 have no
iloubt that twice lu inv life I have seen the crescent of
Venus with my naked eye." Mr. Sillcnoe believes that
the occasion of these observations was June, 1897, the
planet being observed in the bright dawn before sunrise,
" so that the usual glare of the planet was gone." The
claim that the crescent of Venus has been seen with the
naked eye has been made several times, no doubt in the
conii)lctest good faith. But since—as Dr. Eyle is without
doubt right in suggesting—the impression has often been
due to astigmatism of the eye, and as in other cases
imagination may have been at work, it is essential that
before any such claims can be accepted as a scientific fact,

the observer should have not only been careful to put on
record the exact time and conditions of his observation,
but should have been able to show by many experiments,
in which the influences of astigmatism and imagination
were excluded, that he really possessed the ocular ability

necessary to perform so astonishing a feat.—E. Walteib
Maunder.]

THE DATE OF STONEHENGE.
TO THE EDITORS OF KNOWLEDGE.

Sirs,—In the May number of Knowledge Mr. Maunder
states that the dates which different careful observers
have deduced for the erection of Stonehenge extend over
a ]ieriod of more than 2000 years. While this statement
is true if all the derived dates are included, I think it may
be worth while to point out that only two of the attempt^
to determine tlie date astronomically have been made with
a proper grasp of the conditions of the problem and with
adequate data—one by Prof. Flinders Petrio in 1881, and
the other by Sir Norman Lockyer and Mr. Penrose last

year. Other determinations may be left out of considera-
tion, because usually no allowance has been made for
refraction and elevation of the horizon, both of which are,

of course, important factors in modifying the apparent
direction of sunrise. Prof. Petrie's observations were
made differentially with evident care, but the date 730 a.d.

which he derived cannot be accepted, for the simjjle reason
that in the calculation on which the result is based the
variation of the obliquity of the ecliptic was, by a curious
slip, applied in the wrong direction. The determination
by Sir Norman Lockyer and Mr. Penrose thus practically
stands alone, and the date 1680 ± 200 b c. which they
deduced is in as close agreement as can be expected with
the 2000 B.C. which Dr. Gowland has since derived from a
consideration of the objects found in the excavations.

A. Fowler.

THE SUN PILLAE OF MARCH 6.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—There is one point with regard to the sun pillar
which was seen on March (Jth which 1 have seen no notice
of anywlK're

; and so I venture to call your attention to
it— pi'rha])s without occasion—viz., the large porriou of
the country over which it was visible. I cut out letters in

the 2'imes showing it was visible at Falmouth, Salisbury,
and Cranleigh in Surrey. Also at Woking and Guildford
and Crawley, Royston, Oxford, Horsham, Ilindhead,
Botley, Bournemouth, and Braunton (North Devon).
These are all below the 52ud parallel. I can, however,
add about another degree of northing to that, for I saw it

very plainly from here. This means that it was visible
over about half of England at any rate. Is it then some-
thing cosmical lut the sun shining upon a ring of innumer-
able small bodies in space, and the light being refh-cted to
us; or is it due to a condition of atniosi)here extending
over hundreds of square miles, and causing each one of us
to see his own sun pillar, as he sees his own rainlx)W ?

Pool Quay, Welshpool. R. J. Roberts.

[In reply to Mr. Roberts and to other coiTCspondents
who have asked for an explanation of the cause of a sun
pillar, there can be no doubt that his second alternative is

the correct one. A sun pillar is due, not to any cosmical
collection of particles outside our own atmosphere, nor to
refraction, but to reflection, the n.'flection that is to say of
the sun from the under surfaces of ice films floating hori-

zontally in still air. The phenomenon therefore bears a
close analogy to the very familiar one of the " track " of
light which we see upon still water when we are looking
across it towards a low sun. As each several observer sees
his own " track," so each observer sees his own sun pillar.

The two phenomena are shown together in the sketch of
the sun pillar of January 30th, 1895, drawn by the Rev.
Samuel Barber for Knowledge, June, 1895.—E. Walter
Maunder].
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Conducted by W. P. Pycraft, a.l.s., f.z.s., m.b.o.u.

Penguin Footprints.—At the meeting of the British

Ornithologists' Club, held on the 21st of May, Dr. R.
Bowdler Sharpe, ll.d., exhibited some remarkable

specimens of rocks Ijrought from the Falkland Islands by
Mr. Rupert Vallentin. These rocks formed the track from
the landing place to the breeding ground of the Rock-
hopjjer Penguin, Catarrluides chrysocome, and consecjuently

had been constantly traversed by thousands of birds for

countless generations. As a result the surface of the rock

had become marked by deej) " scores " made by the claws

of the birds as they scrambled over its surface. Many
larger slabs of rock, showing still better traces of this

restless traffic, were taken, but were lost through ship-

wreck on the voyage home.

The Life-History of the Penguin.—An extremely

interesting and valuable account of the life-history of the

Emperor and Adelia Penguins will be found in the Report
of the Southeru Cross Collections made during Sir George
Newues' Antarctic Expedition in 1898. Some of the most
interesting of these notes possess a peculiarly mournful
interest, having been made by the unfortunate naturalist

Nicolai Hansen, who died during the expedition. No less

interesting are the notes of Mr. Bernacehi. "By far the

the largest Penguin rookery seen during the expedition,"

he writes, " was that of the Adelia Penguin at the foot of
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Mount Terror. This rookery was oecuined by millious of

Peu;,'uins. . . . The brown disooloration caused bv these

birds can be seen some miles off." The nestintr jilaoo and
the eggs of the Einporor Pengiiiu were souijht for in vain.

It is to be hopetl these may at last be brought to light by
the " Discovery '' expedition now in progress.

Condor lat/inq in Confinemenl.—The Zooloifist for May reconls an
instance of a Condor { Sarcorhamphus gri/phus) wliidi laid an egg on
April l()th, at the Natural History lluseum, Xenvastle-on-Tyne.
The bird was brought from the Chilian Amies as a nestling sixteen

years ago.

Greaf Auk's Eijg.—An unusually fine specimen of the Great Auk's
egg was disposed of at Messrs. Stevens' rooms on May 15tli. It

n-alised 29t> guineas—only a little below the reooi-d price—and has,

we believe, passed into the hands of a private eolleetor.

Monltinq the Bill in the Wall Crnp,r.- The Field of May 3l6t

draws attention to a tradition to the effect that the A\'aU Creeper

( Ticliodroma muraria) moults the distal half of the bill in the autumn.
There seems to be some evidence to the truth of this, but as yet

corroboration is needed. Ornithologists living in Loudon would do
well . to keep the epecimeu lately added to tlie Zoological Society's

i-ollcction under careful observation during July and August.

All contributions to the column, either in the leay of' notes

or photogra/ihs, should be forwarded to W. P. Pycr.\ft, at the

Natural History Museum, Cromwell Road, London, S.W.

j^oticca tif B ooftg.

"Selection of SuB.iEcr ix Picimriat. Piiotogr.\i'iiy." By
W. E. Tindall, r.h.a. (Iliffe iVr Sons.)—This book concerns a

branch of photography little heeded by the majority of those
mnltitudes who possess cameras. The walls of two photographic
exhibitions are covered annuallj' with examples of well-|iroduceil

photoglyphs, but among these it is rare to find anything that
shows substantial artistic training. This is to be deplored, since

fleeting forms of beauty can be seized by the camera in a way
denied to the |)ainter—bewildered by nipidly changing e.xpres

sion. And more, for Nature not infrequently casts a picture,

totally harmonious, faultlessly composed, and which is sometimes
as pleasing in monochrome reproduction as in the doabtful
hues imjiosed by some artists, ifr. Tindall has endeavoured
in the book before us to supply this artistic knowledge by
illustrating certain laws of composition. His effort scarcely

can be called happy. The illustrations, chosen from his own
sketches, frequently rely on a mere effect of light for their merit
rather than on those subtle and reposeful lines which render
the works of a ])ractised artist things of beauty. Plates j, 7,

and 10 nre instances of this. Again, to offer a photogia]iher a
sketch for bin tuition, is to ignore the distinction between the
use of a brush and a camera, and this fundamental error
renders much of the book valueless. For a beginner, however,
those parts of the book which deal with elementary rules of
composition, with faults of posture in portraits, and with
correct distances to be maintained in figure studies, will be
useful. We can further recommend the aspiring photogra])her
steadily to contemplate ihe title of this book in the hope that
by this means a faint impulse in the direction of taking time
before the reckless exposure of a plate may be given him.

"Tin: Prixciit.es of Inorcamc Ciikmistky." By Wilhelm
Ostwald. Translated by A. Findlay, m..\., is.sc, imi.d. Pp. xxvii.,

785. (Macmillan.) Illustrated. 18s. net.—There are dozens
of elementary text books of chemistry, but they can mostly be
arranged in two classes, one of which comprises descrijjtive

books which commence by defining elements and compounds,
and then i)ass to the consideration of non-metals and metals in

various orders, while the other follows the more reasonable plan
of beginning with the study of common substances and chemical
changes and making the results obtained suggest conclusions.
The latter is the more scientific method, and is the one now
adopted in many schools. Professor ()stw.ald"s work belongs to
neither of these categories, but stands practically by itself as an
authoritative statement of the position of chemical .science and
philosophy, so far as inorganic substances are concerned. In
its pages the methods and results of inorganic chemistry are
surveyed in the light of modern theory

; so that the book pro-
vides the student with a view of the essential facts and intenire

tations of chemistry as seen from the position of the greatest
living exponent of the science. A notable characteristic of
the book is the plan of treatment. Theory is made subservient
to practical work, and is only introduced when the results

described are sufficient to justify theoretical conclusions. .Such

subjects as molecular weight, or molar weight as Prof. Ostwald
prefers to style it, valency, catalysis, and the phase-rule are
dealt with in connection with various elements and compounds,
according as the appropriate opportunity occurs for considering
them. So it is throughout the book ; in fact, not until the last

chapter are combining weights and the periodic system
discussed. Of course the ionic aspects of chemistry receive par-

ticular attention, and no student of the science can now afford

to neglect them, for the days of chemical atoms and molecules
are numbered. The book is one which every teacher and adult

student of chemistry should consult, and for this purpose it

ought to be added to every public and college library. The
illustrations are line drawings, and some of them are quite out

of keeping with the general character of the book. Thus no
one who reads the book is likely to need the sketches of the

measuring flask and jar on page 188, or those of Bunsen burners

on page 409. Far better figures are known to every child who
learns chemistry nowadays.

"The Jol'KNAI. OF THE AXTIIBOPOLOGIC^L INSTITUTE,"
July to December, lyoi. Pp. 161-H15. "Man," Nos. 77-153.

(London: Anthropological Institute.) 10s. net.—There are

thirteen papers in the journal under notice, several of them of

great value. In addition, we have a number of original articles

and notes in the pages of Jfan bound up with the journal. In

the United States or Germany, such contributions to knowledge
would be published at the expense of the State, but in England
the cost has to be borne by societies or individuals, and the

only return is the gnititude of students of antlu'opology. One
of the papers, bj' the Rev. J. A. Crump, deals with tre])hining

in the South Seas. The natives of some of the South Sea

Islands undergo the grave operation of trephining for fractures

of the skull, insanity, epilepsy, and even for headache. Though
the cavity is cut in the skull with a piecs of shell or flake of

flint, many of the patients recover. A number of skulls were
found in Peru some years ago having holes in them which had
evidently been made during life ; and Mr. Crump's observations

show that primitive men of the present time perform operations

like those of which the Peruvian skulls give evidence. Another
very interesting paper is by Dr. C. Hose and Mr. W. McDougall
on the relations between men and animals in Sarawak. Many
of the superstitions described read like stories from a book of

fairy tales. Dr. W. H. R. Rivers describes observations made
by him in Egypt, and indicating that the Egyptian peasant, like

some other peoples, have no name for blue in their vocabulary.

Prof. Flinders Petrie shows by pictures from various Egyptian
monuments that several distinct types of face can be distin-

guished, representative of different races. Among the remaining
papers are an account, with illustrations, of Irish copper celts,

by Mr. G. Coffey, and an illustrated paper on the Lengua
Indians of the Paraguayan Chaco. There are many other

articles and notes, all of them of interest to students of human
races and customs.

"The Summer Birds of Fi.atheai) Lake." By P. M.
Silloway. (Uiiiversitj' of Montana. 11)01.) This interesting

paper contains some observations on the nidification of the

birds recorded, and is illustrated by sixteen plates representing

nests and eggs, some of which are admirably reproduced.

" Regenekation.'' By Prof. T. H. Morgan, imi. p. Pp. xii.,

311). (Macmillan.) 12s. 6d. net. Illustrated.—Biological

science is enriched by this profoundly interesting book. There
has been so much speculation in connection with organic evolu-

tion during the past ten years tliat a work like Prof. Morgan's,

recording results of experiments and observations upon the

regeneration of ])arts of organisms, is as a breeze to a jaded

spirit. It has long been known that when certain organisms,

such as hydras, are cut in two, each part produces a new
individual. An earthworm cut in two can ])roduce two new
worms ; tadpoles can regenerate their tails ; so can lizards and
salamanders ; shrimps, lobsters, crayfish, crabs, and hermit-cr.abs

ain grow their walking legs if they lose their old ones ; the

beaks of birds will regenerate ; and even in mammals some of

the internal organs have extensive powers of regeneration.

These remarkable instances show the kind of materinl with
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whidi Prof. Morgan deals ; and in the acciimulution of it, he
and his pupils takr a foremost place. Everything relating to

regeneration, whether in egg, embryo, or adult, is of significance

in connection with theories of evolution ; and it is only hy the
accumnlation of knowledge of the ])henomena that accurate
views of the course of development can he understood. We
cannot pretend to show here that this is the case, or to describe

the luany investientions recoi'ded in the volume under notice,

but the following conclusion referring to regenerative changes
which are for the good of the organism must be regarded as a

statement of the ]>rc8eiit position of the discussion of the

subject :
—" The phenomena of regeneration are not processes

that have been built uji by the accumulation of small advances
in a useful direction ; they cannot be accounted for by the
survival of those forms in which the changes take place better

than in their fellows, for it is often not a question of life or

death whether or not the process takes place, or even a question

of leaving more descendants. On the contrary, it seems highly
]>robable that the regenerative ])rocess is one of the fundamental
attributes of living things, and that we can find no explanation
of it as the outcome of the selective agency of the environment.
The phenomena of regeneration appears to belong to the general
category of growth phenomena, and as such are characteristic

of organisms. Neither regeneration nor growth can be explained,

so far as I can see, as the result of the usefulness of these

attributes to the bodies with which they are indissolubly

associated. The fact that the process of regeneration is useful

to the organism cannot be made to account for its existence in

the organism.' From these conclusions it will be gathered
that Prof. Morgan is not attached to the Darwinian or the

Lamarckian schools of biological thought : and he provides both
of them with much material for consideration.

"Atlas of Practical Elementary ZooTOiMY.'' By G. B.
Howes, LL.D., F.R.S., &c. (London : Macmillan & Co. 1902.)

^This volume is a revised edition of the zoological portion of
the "Atlas of Practical Elementary Biology,'' a book well known
and highly valued by all the elementary students of biology for

the past seventeen years. Little therefore need be said of this

revised section. Those, however, who, possessing the complete
atlas, imagine that they have no need for the new supplement
will make a mistake

;
for the plates have been increased to

twenty-four in number, and are most exquisitely reproduced.
Furthermore, Prof. Howes points out in his preface, the contents
of this book have been so modified "as to render it more useful
to the teacher than hitherto.'' The author in his preface makes
some pertinent remarks on the relation of lectures to the work
in the laboratory, which will doubtless, coming from so weighty
an authority, command the attention of all those engaged in

biological teaching.

We have received from Messrs. W. & A. K. Johnston a copy
of their New Century Globe, a twelve-inch Terrestrial Globe,
showing the Ocean currents, Date line, and Isothermal lines,

and having a metal semi-meridian marked in degrees. The
(ilobe is turned out in the good style we always find in Messrs.
Johnston's work, and if we resent the discovery of a new island
in the North Pacific Ocean as an advertising station for the
l)ublishers, it is only because we feel that the same end could
be attained without such a disfigurement.
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Astronomical.—Oiae of the most strildng features in

the spectra of new stars in their earlier stages is the

presence of dark lines on the violet sides of the principal

bright ones, one explanation being that which supposes

the bright lines to be given out by one body, and t he dark

ones by another which ha.s a relatively rapid motion

towards the earth. The enormous velocity thus indicated,

however, has led some astronomers to believe that the

pairs of lines are due to other causes. In experiments on

the spectra of electric sparks between metallic electrodes

under water, Dr. Wilsing found some time ago what he

considered to be similar pairs, and suggested that the

phenomena were due to pressure. Sir Xorman Lockyer
has recently repeated the experiments, and iu place of

the appearances described by JJr. Wilsing he found, among
other things, that some of the metallic lines were reversed

;

that is, in place of an ordinary bright line there was a

broader bright line with a dark one down the middle.

These reversals, however, were unsymmetrical, the less

refrangible part of the bright line being usually brighter

than the part towards the violet, so that in an under-

exposed photograph the appearances noted by Dr. Wilsing

might be reproduced. There is, accordingly, no certain

evidence of any connection between the pairs of lines in

the spectra of new stars and those described by Dr.

Wilsing. Similar experiments made by Prof. Hale appear

to yield reversals as the principal phenomena.

lleports from Stonyhurst College Observatory indicate

that up to February last the spectrum of Nova Persei

continued to show the characteristics of a nebula, but

whereas the lines in a nebula are sharply defined, those

of the nova are in some cases quintuple, and extend over

as much as thirty tenth metres.

In a continued study of the nebula surrounding Nova
Persei, Mr. Kitchey, of the Tcrkcs Observatory, finds
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evidcnoe which strongly supports the theory sug£;ested by

Kapteyn ami nthers, that the ap])aroiit motion is due to

changes ofillutiiiQation in a statiouary nebula.—A. F.

Botanical.—The " Flora of Tibet or High Asia" is the

title of a long paper by Mr. AV. B. Heinsley in the last

part of the Journal of ike Liniwiii Socii'tij. The enumera-

tion of Phanerogams and Ferns shows the flora to consist

of 283 species, belonging to 119 genera and -tl natural

orders. It is estimated that alx)ut 12 per cent, of the

sjiecies are endemic, but that further research will probably

lead to a reduction of this number. The Compositic are

most numerous, there being 53 species, and after them
come, in the sequence here given, the Grarainea?, Crucifene,

Ranunculacea;, and Lcguminosoe, as the most largely

represented v)rders. The flora for the most part consists

of very dwarf annual or liei-baceous plants, often not

exceeding two or three inches in height above the ground,

but possessing extraordinarily long tap-roots. Six species

are recorded from altitudes of 18,000 feet or more, one,

Saiissiirea triducli/la, ascending to 19,000 feet.

In the i)art of Hooker s Icones Planianim just issued

an imusual number of interesting novelties are described

and figured, including no less than seven new genera.

Carolinella (Primulaceiv) is a Chinese plant allied to

Primula, but having a distinct habit and a circumscissile

fruit as in Anatjallig. Thomassetia is an anomalous genus

of Terustnemiaceiie from the Seychelles, and Hartia,

belonging to the same order, is from China. The latter is

placed near Stuartia. Paradoinbeya CSterculiaceae) is

rejiresented by two species, one from Burma, the other

from Yunnan. The flowers of P. hutmanica are snow-
white in a fresh state, but turn yellow in drying.

Diuranthera (Liliaceaj) resembles Anlhericum, and difiers

chiefly in having tailed anthers. This, with the two new^

geneni of TJmbeUifera? (Cnjj)tofieniopsis and Carlegia), are

natives of China.—S. A. S.

Zoological.—Specimens of the okapi recently received

at Brussels serve to sliow that the adults of both sexes

were furnished with horns, apjiarently very similar in

general character to those of giraffes, being covered with
skin. The Brussels specimens comprise the skull of a

male and the skin of a female. A small photograph of

the skin was exhibited by Dr. Forsyth Major at a recent

meeting of the Zoological Society. At the same meeting
Mr. G. A. Boulenger showed a strip of skin from the leg

of an okapi which had been received in Belgium from
Mangbettiiland in December, 1899, a year previous to the

arrival- in this country of the two strips upon the evidence

of which E(^uH8 johiigk ui was named.

Another exhibit on the occasion referred to above was a
mounted specimen of a wild shee|) killed by Mr. J. Talbot
Clifton on the mountains bordering the Yana Valley,

Liberia, apparently the Ovis borealis of Severtzoff, and
believed to be the first of its kind brought to England.
It was shown to be nearly allied to the wild sheep of

Kamchatka, which is itself closely related to the bighorns
of North America.

In the June number of the Zoologist, Mr. Gunning, of

the Pretoria Museum, records the birth of a hybrid
between a male ass and a female Burchell's zebra. In
general character the midc appears to be much more like

its sire than its dam, having no stripes. It is hoped that
it may be immune to tsetse-poison and horse-sickness.

The Eoyal Society has issued the first of a series of

reports to the Evolution Committee, describing experiments
undertaken by Mr. W. Batesou and Miss E. R. Saunders.

These ex]»eriment's, which have been made both with

plants and with poultry, were undertaken with a view of

determiniug whether variations exhibited by animals and
plants are distinct phenomena, according as to whether

they are continuous or discontinuous. Their result is to

fully confirm the truth of " Mendel's Law." of which the

essential part is that the germ-cells produced by cross-

bred organisms may in certain respects be like one of the

pure parental types, and consequently incapable of re-

producing the characters of the other. Hence there may
be almost complete discontinuity betweeu tliese genus m
respect of one of each pair of opposite characters. This

doctrine is likely to have a far-reaching i-ffect on our

conception of the origin of species. The experiments are

being continued.

STUDIES TN THE BRITISH FLORA.

By R. Lloyd Praeger, b.a.

IV.—THE PROTEAN OFFSPRING OF FERNS.

In my last article the normal forms of our British Ferns

were under brief consideration. In discussing the curious

phenomenon of apospory, it may have been noticed that,

in every instance, this was detected, not in the type form of

anv species, but in some abnormal variety. The abundance
of these varieties in our native Ferns, and their marvellous

range of variation, are very remarkable features, well

worthy of consideration. In no other group of plants

throughout the whole vegetable kingdom do we find such

an amazing range of abnormal forms. They ai-e often

treated as mere florist's monstrosities, and no more worthy
of recognition by the botanist than the rainbow-tinted

galaxy of Chrysanthemums or Pansies ; Init two facts

concerning them place them at once on a different footing.

First, as many and as remarkable Fern varieties have been

found in a state of nature as have been produced by the

combined efforts of all the horticulturists ; and secondly,

a large number of them reproduce themselves absolutely

true generation after generation, and are even capable, as

we shall see, of carrying (by crossing with other forms)

their peculiar characters into other varieties. Fui-thermore,

the features which distinguish these abnormal forms
follow certain definite lines even in species of widely

separated genera, and are capable of classification. A
remarkable point about these Fern varieties is that they

are essentially a British group of plants, and their study

is a British hobby. While some foreign Ferns yield wel]-

known varieties—such as the crested forms of several

species of Pteris and Maidenhair—still these are as nothing

compared with the wonderful number and range in

character of those which have been found wild in our
islands, notably in the south-west of England. Another
curious point is that the species which are so variable

with us appear to lose this character even in neighbouring
countries. France and Germany have yielded one or'two,

but only one or two varieties, where English hedgerows
have yielded literally hundreds. These varieties, sports,

monstrosities, or whatever we choose to designate them,

have occasionally a wide distribution, in which case they

frequently obtain recognition from systematic botanists—
as Ceterach officiiiariim, var. crenatum, Asplenium Adiantum
nigrum, var. acutuin, and Polypodium vjdgare, var.

serratuiii, all of which are merely the first stage of the

frond-dissection which, as' we shall see, is carried im-

mensely further in a number of our common Ferns. In
other cases large or small colonies of a variety are formed,

as, for instance, Blechiium Spicant, var. /ri/iervium, which
occurs in thousands on the Mourue Mountains in County
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Down. But more froqueiitly—and this is a very reuiark-

ablo fact—a liij;lil_v almorinal variety, soniotimos even oik-

fomliining Kirm-nl (Hiitc abnoruial features, will occur as a
sin;;le plant i^mwin^ amid normal I'nrius, and the most
careful search will reveal neither parent nor ofIs|)ring, in

spite of the high fertility of Ferns,* while in cultivation

it will ])ropa<j;ate freely and preserve its peculiar character.

That famous variety of the Lady Fern, A. F.-f.Vktnriw, to

be presently referred to (Fi<^. 3). thus occurred in Stirling-

shire—a form in which both the cruciate aud crested

characters are perfectly developed, and are constant in

the offsjiring. The equally remarkable A. F.-f. FrheUiiv
(Fig. 4), has been twice found—in Wicklow and in

Donegal— single plants in both cases, which can have had
no connection with each other ; and innumerable other
instances miglit be cited.

The various British species differ enormously in their

tendency to vary. In the forefront of the variety-jiroducing

Ferns stand the Lady Fern, Male Fern, Soft Sliiild Fern,
and Hart's-tongue, each of which has yielded literally

hundreds of varieties. On the other hand, the Bracken,
Parsley Fern, Scale Fern, and Royal Fern, all of which
ai-e at least locally abundant, very seldom depart from the
normal character. In the Oak Fern, Limestone Polypody,
and many rarer species, varieties are unknown.

Let us now see in what directions variation is most
marked, and through what species each type of variation

runs. The following classification is somewhat rough and
ready, and does not cover all known varieties, but it will

serve to convey a general idea of the leading lines along
which variation has developed :

—

Characteristic

Varieties.

Brachiatum.
Bamosum.
Cristatum.

Acrocladon.

DeltoideiDii.

Saytftatum (Scol.).

Trinerr'mm, (Blech.).

Anyustatum.
Bar/iesii (L. P.-mas).
Crispafum.

Comjesfuni.

Truncatum.

Peraferetis (Scol.).

FrizeUiee

Victorife (A. F.-f.).

Mexuosiim,

Refle.tmn.

Revolvens.

Plumosum.
Grispum (Scol.).

Camhricum. (Polyp, v.).

Piilcherrimum.

Uotundatum.
Iiiterruptum.

Concinuum (Blech.).

Tripitinatum.

Divisilobum.

Cornubiense (Polyp, v.).

Projectum (Scol.).

Creiia t ii di (Ceterach)

.

JJiiricidinii.

Li Ilea re.

Siiprnlineatum.

* Mr. Druery lias calculated that a well-developed Athi/rimn iti his

garden bears annually eleven hundred million spores.— British
Pteridological Society Report, 1896, p. 9.

1. Alteration

of

skeleton

2. Alteration

of

soft parts

A. Branching

B. Widening

C. Narrowing

D. Dwarfing

E. Truncation

F. Twisting

G. Increase

H. Diminution

I. Sub-division

J. Murication

Any scheme of this kind is unsatisfactory, for while
many varieties drop into their assigned places, as
many more belong to two or even three of the classes.

We shall now take each of the classes in turn, and
consider the range of its characteristics through the

various British Ferns, and some of its most remarkable
examples.

A.

—

Branchino.—This is the best known and most
widely distributed of the abnormalities of Ferns, offering

a great variety of types and running to a greater or less

extent through every British species. The cause of this

tendency to branch in Ferns docs not ajipear to have been
sati8facU>rily explained. The branching is of various

types, of which four of the more freijuent are figured

diagrammatically below. Every gradation of branching and

Fig. 1.—Types of Branching.

2. Ramose. 3. Cristate. 4. Ramo-cristatc.

cresting occurs, from tiny crestlets at the tips of the

]iinu£e down to that exhibited by the extraordinary
Hart's-tongue known as glomerahim densnm Kelwayi, in

which by excessive branching each frond is reduced to a
dense hemispherical mass of parsley-like foliage a couple

of inches in height. This last-named form is further

remarkable for producing on its leafy surfaces innumerable
small buds, analagous to the bulbils borne by the Lesser

Celandine or Wood Onion, so that we may break a frond

into a hundred pieces and obtain fresh plants from every

one by half immersing it in soil. Branching in one
form or another has been found in many even of our most
refractory ferns—the Holly Fern, for instance, Lastrea

lemula, Asplenium Janceolatum, the Parsley Fern, Royal
Fern, and Beech Fern. The reader will remember {see

p. 116 supra) that the remarkable phenomenon of apospory
occurs in one of the densely crested varieties of the Lady
Fern, the tasselled tips of var. unco-glomemtum growing
out into prothallia if kept in a dam]i atmosphere.

B.

—

Widening.—A class of varieties that need not

detain us. In some forms of Pulysfichum the frond

assumes a triangular outline, owing to the lengthening of

the lower pinnae. Other species exhibit an abnormal
development of the lowest pair only, thus approximating
to the brachiate form of branching figured above. A good
example of this is Blechnum Spicanf, var. trinerrium,

of which mention has already been made. Here the

increase of size is accompanied by a sub-division of the

enlarged pinnae. It is interesting to note that the un-

divided frond of the Hart's-tongue frequently exhibits

this character, the base projecting into two lobes, which
in a crested form may be themselves crested.

C.

—

Nakbowino.—Not a common nor conspicuous form
of variation. One of the most pleasing Ferns in which it

appears is a triple variety of the male Fern, crispa crislata

angustata, the name of which sufficiently describes

its characters.

D.—DwABFiNG.—The skeleton is sometimes dwarfed
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without a correspomling chantre iu the soft parts, so that
piiiuu; aud pinnules are densely imbricate and overlapping.

Fig. 2.

—

Blechnum Spicant^ var. /rinerrium, from the ifourne
Mountains. One-third natural size.

and a frond which to judge from the stoutness of its stipe

or stem ought to be a foot or two in length is crowded
into a length of six inches.

E.

—

Truncation.—An abrupt suppression of certain

parts of the frond is not uncommon, and sometimes
produces remarkable effects. In many cases a ragged and
iHiattraetive form is the result, but ou the other haud two
of the most interesting of all wild finds belong to this

class. These arc the varieties VirtoriK and Frizellix of

the Lady Feni, lioth of which have been already referred to.

Victorias, a single plant found iu Scotland, is a cruciate-

crested variety. In this Fern each pinna is aborted just

^Z'

4 .-^i^

Fig. 3.

—

Athyrium Filix-fiemina, var. VictorUe.
Half natural size.

Ixn'ond the first pair of pinnules. The latter have con-
secjueutly the wliole burden of food-pnjduction, by means
of assimilation, thrown u^ion them, and to get tbeamount
of green surface requisite for this duty these basal pinnules
have been enlarged and sub-divided till they almost equal
pinnse in size, and st.aud out at a wide angle to one
another, crossing at right angles those above and below
them. The subdivisions of these enlarged pinnules are
themselves frequently aborted and cruciate in a similar
manner. But in addition, the tips of the pinnae and frond

Fro. 4. —Athi)rium
Filix-ftemina, var.

Frizellire. Top of

frond. Half natural

bear an elegant form of cresting ; so that we are lost in

wonder as to how this beautifully symmetrical multiple
variety can have originated in nature.
This cruciate character (Latin : crit-

ciatiis, crossed) is known iu other forms
of Lady Fern, and in Pobjstichum
angtilare and other species, but its com-
bination in the wild state with crestinir

is unique. A. F.-f. FrizeUi.-ixs-.xuoihiT

of the most remarkable of natural
varieties. In this, the secondary rachis,

or midrib of the pinna, aborts at or
near the second pair of pinnules ; the
tertiary rachis aborts also, so that
instead of a normal pinna we get a
tiny rosette of densely crowded and
overlapping pinnviles, themselves con-

gested and rounded. The result is not
easy to describe, but its appearance is

shown in Fig. .5. Curiously enough, in

spite of all the crowding, the pinnules
remain copiously fertile, and have
yielded an abundant offspring. In
the Hart's-tongue the truncate char-
acter appears in a curious manner. The shortened midrib
rises out of the surface, aud forms a stiff horn, which often
overtops the abruptly rounded termination of tlie lamina.

F.— Twisting. —This character sometimes produces
forms whicli might fairly be called monstrous, such as
VSLT. flexuosnm of PolysticJuim angulare, in which the mid-
rib twists so much that the upper half of the frond is

frequently reduced to an inextricable ball. But in other
cases the result is more interesting. In var. recolveni',

for instance, of which excellent examples have been found
both in P. angulare and L. FiUx-mas, the pinnaj cun-e
uniformly backwards till they meet behind, forming the
fronds into arching tubes. The name var. reflexiim is

usually a|>plied when it is the pinnules that curve back-
wards. Sometimes this is done so completely that the
pinnie form perfect tubes ; more often the pinnule is bent
liackwards both transversely and longitudinally — a
common character in the Lady Fern, for instance, when
growing in strong light.

Gr.

—

Incre.vse of Soft Pakts.—Into this class come a
lai-ge number of the most remarkable and most beautiful
varieties. While the first stages of development in this

direction consist of foliose or very leafy forms, its full

development is reached in the plnmosmn type. Here a
great expansion of the divisions of the lamina occurs,
accompanied by a papery texture and generally by com-
plete barrenness. This type may, indeed, in many ways
be considered analagous to double flowers, since in both
the production of the sexual generation— the stamens and
pistil iu one case, the spore and subsequent prothallium in
the other—is sacrificed to leafy growth. The plumose
character is found in many of our Perns. It is iu the Lady
Pern that it attains its most remarkable development,
providing a number of forms of glorious beautv, charac-
terized by a wealth of finely-cut delicate foliage. In the
Common Polypody the plumose form is represented by the
well-known var. cambricum, a very leafy divided form.
In the Hart's-tongue, the leafy development produces the
complicated overlapping frilling which characterizes the
crispam forms. A most interesting variety which comes
also into class Gr is var. pulcherrimiim of P. amjulare ; in
this the pinnules are prolonged, and, as recently discovered
(see p. 115), frequently develop prothallia at their tips.

Indeed, the greater number of the known oases of apospory
occur in varieties of this leafy class, belonging to the
genera Polysticimm, Athyrium, and Scolopendrium.



164 -KNOWLEDGE [July, 1902.

H.—DiMiNPTioN OK Soft Parts.—Tho varieties wbicli

foiiic under this licad liiive little of the interest or bcuuty
tliul pertains to those of the last. Mo.st of them exhibit
in irref,'iil;ir diminution or sujiprcssion of the jiinnuloH,

the niiilribs of which being sometimes all that remains,
standiu},' out like bristles. Sometimes the ])innie or

pinnules are symmetrically abbroviateil, with a round<'d
margin, as in P. amiulare, var. rotuiuhitum, or a frilled

margin, as in Mr. Druery's delightful little Blechnum
Spicant, var. concinnuin.

I

—

Subdivision.—Almost every Fern varies at least

slightly as regards the amount of subdivision which its

fronds display. This applies particularly to the species with

much divided fronds, such as the Lady Fern and Soft Shield
Fern, which may be bipinnato, or sub-tripiunate, or

tripinnate, or sub-quadripinnate. according to the size and
development of the plant. But this normal variation is

wholly eclipsed by the surprising abnormal development
which not inifrequently displays itself. A few of the more
modest variations of this class have, apparently merely on
account of frequent occurrence, been admitted as genuine
varieties into the British flora. Thus, the fronds of the
Scale Feni are normally merely deeply lobed, but when
growing strongly the lobes are frequently themselves
lobed, and become var. crenatum. Similarly with Asjjle-

iiium Adiantum nigrum, var. acutuni, a well-marked and
wide-ranging dissected form, while in Polypodinm vnlgare

not only is var. serratum admitted, the analogue of which
occurs in almost every British fern, but also the plumose
form, var. cambricum, In Polystichum angidare one notable
group of varieties comes under this class—the proliferum
section. The first example of this group was found by
Choule, one of the Kew gardeners, over fifty years ago,

and was at the time considered to be a foreign fern, so

peculiar and well marked were its characters. The frond
was elongate, with a very short foot-stalk, tapering up-
wards from the lowest pair of pinnae ; the pinnules very
long and cut into narrow acute pinnules ; and the midrib
bore buds which developed into young plants long before
the frond faded. Fig. 5 contrasts a normal pinna with

Fio. 5.—Pinnae of Poli/stickum annulare. 1. Normal form.
2. var. acutilobum. One-half natural size.

one from a plant of this kind. Since then many examples
of the class have been found, notably in Devonshire, and
they have been divided into aciitilohes, in which the

anterior and posterior rows of pinnules are of nearly the

same length, and divisilohes, which show a striking

further development of the posterior pinnules of each
pinna. The group furnishes many of the most remarkable,

constant and Vjeautiful of the myriad varieties of British

Ferns But it is not only in the Ferns whose fronds are

normally much subdivided that striking developnumt by
subdivision takes place. Look at the series shown in

Pig. 6 of subdivision in the Common Polypody. The

type is seen to have )>iunu: (juite undivided. Then comes
var. gerratmn, which leads the way to var. semihcernm, and
we linally pass to the marvel-

lous var. corniihinnse, which
whi'ii fully develoj)ed is almost
ijuadripinnate.

J.—MuKicATioN.—The last

grou]) includes those varieties

in which the surface of the

lamina has undergone altera-

tion. It isrlii<'fly ill the Hart's-

tougues that this character is

found. In numerous forms of

that species the surface is

broken by ridges and knobs
of leafy matter, variously dis-

posed. In var. giipralini'aftnn,

for instance, a narrow raised

line runs along the upper
surface on each side of the

midrib for the whole length

of the frond. In others the

edges are so lacerated that

upper and under surfaces

are almost indistinguishable,

and fructification frequently Common Polypody. 1. Norn
form. 2. rar. serratum. 3. var.

biense. One-half natural size.face of the frond.

Lastly, a word as to

crossed varieties. Repeated experiments have shown that

the characters of one variety can be transferred to

another by sowing the spores of both varieties together,

which involves the inference that the antherozoids of

one prothallium may pass to a neighbouring pru-

tliallium and fertilize its archegonium. Botanists wn>re

very slow at first to admit the possiliility of this,

but the numerous crosses which now exist j^'o^'c

that it can and does occur. The means by which this

cross-fertilization has happened without artificial aid has

not been made clear. In some cases no doubt a continuous

water medium might exist between two prothallia, while

certain experiments of Mr. E. J. Lowe's* point to the

probability of carriage by small animals. A useful

artificial aid consists of a careful flooding of the prothallia

with tepid water when the sexual organs have arrived at

maturity. One of the earlier experiments of Mr. Lowe
was in itself conclusive. A robust normal form of Poly-

stichum aeuleaium (of which any cruciate variety was
unknown) was sown with a narrow cruciate variety

( Wakeleyamun) of P. angulare. Five out of a thousand

seedlings obtained were cruciate P. aeuleatuin, of exactly

the type of Wakfleyanum.f This experiment, indeed,

also proves hybridization between the two species —but it

may be held that P. aeuleaium. and P. angulare are forms

of the same species. With this question we are not

concerned. The industry of Mr. Lowe, Col. Jones, Mr.

Carbonell, and many others, has now given us a multitude

of crossed varieties. By selected sowing, cresting has been

thrown into a large number of the most famous varieties,

such as A. F.-f. FrizdU;v and P. angulare dirisilohum.

Divisilobiim has been crossed with plumosum, giving a Fern

of marvellous beauty. Even variegation has been thrown

into various varieties, and other peculiar characters, such

a,s the fluxuose, congested, and ramose, have been similarly

combined by cross-breeding with well marked and constant

forms of other character.

* Jonrn. Linn. Soc. (Botany), Vol. XXXII., p. 531, 189(5.

t -SeeLowe,in^»»ai*o/Jote«^,Vol.III.,pp. 27-31, Plate 3, 18S9.
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Conducted by M. I.Chpss

PoXD-Liri; Collect! Nti in .Iri.v.—CoUectins,' in July is

usually not so profits! ble as one would expect, because as a rule

most of the shallow ponds are dried up by this time, or have been
reduced to a muddy swamp, and in the others the Crustaceans,

Cladocera and Cyclops, have multiplied to such an extent as to

leave little room for the more interesting forms of pond-life.

This year, however, is likely to prove an exception to the rule,

the weather all through the spring having been quite two
months behind its usual season.

Pedtilion miruiii should be looked for in largo and small lakes,

as it will probably have greatly increased in numbers. The
somewhat rare and very large Asplanchna umphnra and ebhealidnii,

as well as Asjthmhtinpux mi/nneleo. are summer forms which
occur at this season. Other Rotifers that appear in warm
weather are : Ihnnps longipes, Tri/Jii/lltis Idcitxtrh, Xntop.i

(l(i)-ulalii<. Si-aiittiiiin I'tnlartiloliiin, and I'inii/rtfidtiiu, then the

free-swimming f.ariniiliir/n milntis and Cunurhilus rolrnx, also

the fixed J.driniilnrhi soc/nlin and Meiinlntrorlia, which are found
attached to submerged water plants. All these are very beautiful

objects under the microscope, but by no means common.
Vithoj- i/loluitor will certainly be found in abundance now in

secluded ponds, and inside the green spheres the little parasitic

Kotifer, Proitlex jHirasilira, should be looked for.

The Polyzoa, mentioned last month, will have become more
abundant where they occur ; undisturbed ornamental lakes and
canals .are the best places to find them in.

Hints on Section Cutting.—Success in microtome section

cutting, no matter what microtome be used, ciin only be properly

attained by dexterity in free-hand section cutting. A few
directions which will indicate the manner in which this desir-

able facility may be secured may, therefore, be of value. Itciills

for patience, care, and considerable practice.

It will be well to select some botanical subjects of small

diameter and not too hard in substance to experiment upon,

bearing in mind that the smaller the diameter of the material

the easier will it he to cut good sections.

The material should be placed in a bottle of i'O per cent.

alcohol for three or four days before cutting, and when the

operation is in |)rogress, a cup .'hould be provided to receive the

razor also containing '.HI per cent, alcohol, a saucer with the

same spirit in it to dip the material in. and another to receive

the sections. A sable-hair brush will also be required of the

size known as crow-quill ; camel-hair bru.shes being useless.

The material should be held verticiilly between the thumb
and index finger of the left hand, allowing it to n^st in the first

bend of the finger and keeping the thuml) | inch below the level

of the finger. The upper end of the material to be cut should

be about level with the finger, the razor being held lightly but

firmly, chiefly with the thumb and index finger of the right

hand. Wall wet the material and razor with the alcohol, place

the blade of the razor flat upon the inde.x finger of the left

hand and cut the thinnest possible transverse section by either

drawing the razor towards you diagonally through the material

and cutting from heel to point, or bj- pushing the razor away
from you and cutting from point to heel. As each section is

cut, it should be lightly brushed from the razor into the saucer

of alcohol, and when, say, one hundred sections have been made,
the thinnest and best half dozen may be selected and the process

repeated for jinictice. A further .seleclioii of the best may then

be made.
It may now be well to say a few words on the implements

that are ueces.«ary.

The Il.\/.()i:.^Three ])atteriis will be found useful for trans-

verse section cutting, as figured A, B,and C. A, being suitable

for large objects, or those harder than the average ; B, for

ABC
rTT

general use ; and C, for small and delicate objects. Quality
of steel and sectional shape go hand in hand with form

of blade. The edge should be
A B C fairly str.iight and tlie heel

rounded, not angular ; the

handle should be one that is

capable of being grasped pro-

perly. Heavy uncouth razors

must be avoided : so also

should one having any letter-

ing engraved on its blade.

The blade should be as broad
as possible, J" being a good

width. The razor must bo kept free from corrosion, and the

edge ranintained always at its keenest by careful attention

immediately after use.

To set a razor.—The time will quickly come when the edge
of the razor will become notched, and in order to restore the

edge a hone must be used, a strop being useless for the purpose.

The Hone.—A very good hone, known as "water of Ayr
stone,'' may be obtained for about J.s. The size of its

sharpening surface should bo 9 in. bv "i in. Water, not oil, should

be used as the lubricant, and it will be found to be a good ])lan

to allow a stream of water to flow continuously over the hone
during the whole time of sharpening.

Care should be taken not to scratch the hone. Scalpels,

needles, or any other such small instruments should never be
allowed to visit it. Having the hone flooded with water, la}'

the razor flat and diagonally upon the left of the hone in such

a manner that the edge of th(^ razor is towards the right, and
entirely upon the hone. Draw the razor lightly but firmly edge
forwards, and from heel to point along the hone to the extreme
right. Turn the razor with a neat action of the fingers combined
with a turn of the wrist, its back being kept on the hone, and
draw the edge forwards from heel to point as before, from right

to left.

Maintain this process to and fro until the notch is removed,
remembering always that the lightest pressure will secure the

best and quickest results. In fact it is impossible to hone a

razor by hard pressure. When the notch is removed by honing,

the edge of a razor when carefully examined with a lens x 10

diameters should present throughout its length a straight line,

with perhaps here and there a slight fringe or jaggedness

standing out from the straight edge, the so-called wire edge.

This may be removed by stropping.

The razors, with one side flat, must only be honed upon the

concave side, and are more difiicult for the novice to sharpen

than the other forms. Having dried the razor and returned

the hone to its place, we now finish the sharpening by means of

the strop.

The Strot.—Many kinds of strops may be purchased from
the dealer. To a new hand the shilling cushion strop will be

quite good enough to practise on, subsequently a better strop

maj' be obtained, and the first, although probably damaged by
cuts, will be useful for sharpening scalpels. Opinions ditter as

to the best form of strop, but we have a person.-d fancy for such

as approximate to the following description. A strip of wool,

about i:') in. long and 1^, in. wide, has a neat handle shaped at

one end, occupying about 4 in. of the length, the remainder
forming the base upon which the slightly convex stropping

surfaces are built.

Both the stropping surfaces should be of the finest Russia

leather. One side is usually charged with the stropping paste,

the oppo.site surface being left bare for finishing. Some strops

have the finishing side of buckskin, this we deem wrong for our

special purpose, as the velvety bufl: is apt to impart a rounded

ed"e to the razor. The longer the stroji has been in service the

better the results obtained, provided that its surfaces have not

been hacked. An old friend will have itsi-urfaces hard, .smooth

and glistening : care should be taken to keep it so. The
stropping paste should be applied very sparingly at remote
periods and with gre it care. Black paste should he avoided,

as it geneniU.y contains emery powder, the red paste is usually

of iron-oxide. Good ]>aste can be made by thoroughly mi.ving

the finest jeweller's rouge with the smallest quantity of tallow.

Never lay the strop down with either surface in contact with

the bench. Avoid belt strops, as the result in inexperienced

hands is a rounded razor edge. Holding our ideal strop in the
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left hand, lay thi> razor flat and diagonally across tho prepared
surface of the strop, and with a slight even pressure draw it

back foremost, and from heel to point from left to right upon
tho strop, turn the razor with its back upon the strop and pass
it from right to left. Maintain the process as in honing, but
back of razor forwards. After s-overal dozen strokes upon tlic

jiaste side, repeat tho work upon the finishing side. Draw the
edge of the razor between the finger and thumb or through a
j)iece of elder pith. If the sharpening has been accompli.shed
successfully, a power of 8I< diameters u|ion the microscope will

show the edge as a straight unbroken line. This microscopic
examination is best made by laying the razor upon a sheet of
glass. By allowing the handle to form an angle of 4:')" with the
blade the edge will be |)reserved from injury ; another test is

to take a hair from the head, and if the razor will cut it at half

an inch from the fingers that hold it, the edge is good.

TnK Use of tmk Bull's Eyk.—A correspondent sends the
following note with regard to the position of the bull's eye in

relation to the lam]) and microscope :

—

I find tliat the bull's eye has to be placed in a different posi-

tion when an ordinary round glass chimney is used to that when
a metal chimney witli a flat slip of glass is employed. This is

probably due to the action of the plane and curved surfaces of
the chimneys, and can easily be proved by attaching a piece of
tissue paper to a slide ; this should then be placed on the stage
and the image of the flame focussed through the substage con-
denser on the tissue paper. The bull's eye should then be set

at the best position, the effect being watched on the tissue

paper. Now, if the chimney be changed, it will be observed
that an alteration of about i inch in the position of the bull's

eye will be rendered necessary.

To fill the field of a low-power objective with light when
using the bull's eye and substage condenser and an ordinary
glass chimney with shade, the best results are obtained as

follows :

—

The bull's eye should be placed at its focal length from flame,

and the distance from flame to mirror should be three
times the focal length of bull's eye. When using the micro-
scope horizontally without the mirror, the distance from the
flame to the substage condenser should be four times the focal
length of the bull's eye.

For instance, if the focus of the bull's eye were 2|'' in the
former case, the distance to the mirror would be 8f " from the
flame, and in the latter case the substage condenser would be
Hi" from the flame.

It should be remembered that the plane side of the bull's eye
should be set towards the flame.

Mr. W. Mence. of Ouse Villa, St. Ives, Hunts., kindly offers

to send a limited number of tubes of Melicerta rhif/ens on
receipt of bottle and postage, and would be glad to have
samples of Mycetozoa in exchange.

NOTES AND QUERIES.
A. Vit;ar.—Diatom slide, with list of names and comments by

the gentleman who kindly .acts as consultant for this depart-
ment, has been returned to you by post.

E. E. Moi-ijaii.— li you could now conveniently let me have
duplicates of the moss specimens you sent at the end of March
last, it is likely that I could get them identified for you.

Communications and enquiries on Microscopical matters are
cordially invited, and should be addressed to M. I. Cross,
Knowledge Office. 326, Hiijh Holborn, W.C.

NOTES ON COMETS AND METEORS.
By W. F. Denning, f.r.a.s.

Mb. "W. R. Uuuuks and Combtauy Discovekiks.— The dis-

coverer of the recent conu't may, perliaps, be regarded as the most
successful worlter in this field of astronomy during the last cjuivrter of

a century. Between 1882 and 1892 Mr. W. R. Brooks sfiared with
Mr. E. K. Barnard the honour of finding the majority of new comets,

and if we refer to any general summary of results in this department
for the period referred to, the names of these able observers v ill be
found to oec\ir with remarkable frequency. But Mr. Barnard relin-

quished the scireli some years ago in favour of other important
investigat ons; wliilo .Mr. Brooks still devotes himself to it with the

same assiduity as ever. In all, lie bus diseoiercd twenty-three cornels,

but omitting several objeete which were either inBufticieutly ubaerved,

or had been previoutly detected by other obiervel'g, the total number

of his diecovoricB amounts to nineteen. They have ranged over the

last twenty years, so that Mr. Brooks's perseverance in sweeping the

heavens has fumislicd us witli an average uf one new comet in a year

He found thirteen eometjt with reflecting telescopes of 5 and 9 inches

aperture, constructed by liimsclf. and ten comets were first sighted

with tho 10 inch equatorial refractor at the Smith Observatory,

Ueiieva, New York. Like Messier, Mk'hain, Caroline Hersehcl. Pons,

Teiiipel, Winriecke, Swift, Ooggia, Biirrelly, and Harnard, Mr. Brooks

has laboured with conspicuous success in a field requiring great

patience and discernment, and the valuable as well as numerous
results he has obtained have been often acknowledged, and will be

duly appreciated by posterity. It is singular how the coui"se of

cometary discovery is maintained without serious break from one
generation to another. As soon as one observer finds it necessary to

relinquish the quest there is another ready to take it up ; thus the

firmament is kept under constant surveillani'O, and every year provides

additional discoveries or marks the recognition of a known periodical

comet.

TuE Comets of the Ten Years 1802-1901.—Altogether fortv-

eight comets were observed, so that the average number was very

nearly five per annum. The tiital included thirty-four new comets,

while fourteen were observed returns of periodical comets. Compared
with the preceding ten years (1882-1891), these discoveries exhibit no
increase, for there were fifty-two comets well observed during the

earlier decade.

July and Auofst Meteors.—"With the return of July meteoric

studen's realize that the eve of an important epoch has arrived. The
first half of the month is usually not nearly so froduetive as the last

half, and it is rather imfortunate that in 1902 moonlight will interfere

during the fortnight from about July 13th to 27th. With clear

weather it will be interesting to look for a number of showers in

Pegasus, Cepheus, and Andromeda during the first twelve nights of

Jidy, while at the end of the month the Aquarids and Perseids will

be pretty certain to furnish a considerable number of meteors. At
the latter epoch the moon will rise late, and will have waned sutli-

ciently to exercise little influence on the results. Between about

July 28th and August l-f-th it will be well to follow the Perseid

display as closelv as possible on every suitable night and count the

horary numberfef meteors, as well as determine the positions of the

radiant The "maximum of the shower will probably occur before

sunrise on August 12th, or just possibly on the following morning.

Fireballs.—Several brilliant objects were observed in May, and
the following are some particulars :

—
May 4, 7h. 35^m.—A pear-shaped meteor of considerable size, and

giving as much light as a three or four days' old moon, passed from
about 10 degrees S. of the zenith to an .altitude of 45 degrees in N.E.
Duration about two seconds. Twilight very strong.—E. Rabone,
Highgate, N.

'Ihis object was seen by another observer in the metropolis, who
says it was equal to Sirius, and in the N. E. sky, travelling almost due

S. to N. It exhibited a planetary disc of a green colour.

May 16, lib. 52m.—Fireball equal to Jupiter passed from
212° •*- 12° to 238° -I- 2J°. Redder than Arcturus. Duration, three

seconds. Left a streak.— Rev. W. F. A Ellison, Dublm.
May 26, lOh. 25m.— Meteor nearly equal to Sii-ius, bencatli

p Scorpii, with scarcely any motion, and only 3 degrees above horizon.

Position about 236' — 34°.—Bev. S. J. Johnson, Bridport.

May 27, 12h. 23m.—Splendid meteor starting from hind foot of

Ursa Major and falling nearly to horizon at a point directly in line

with the direction of ihe fore foot. Of a green colour, followed by a

short track of fiery light. Motion extremely slow. The fii-st appear-

ance of the meteor was not seen; it died away just before reaching

the horizon. Nucleus egg-shaped, with apparently a double tail.

Path from about 150° -H 45° to 125" -t- 40", duration 5 seconds.— E. N.

CuUuni. Brixton, S.W.—The same fireball was fortunately observed

by Prof. A. S. Herschel, at Slough, and he gives the time as 121i. 22m.

,

and the apparent brightness as one and a half times that of Venus.

A comparison of the pair of observations shows that the radiant point

was in Sagittarius at 282" — 24°. The meteor moved from a height of

63 miles, over a point 7 miles E. of Shrewsbury, to a height of ;'9

miles over the sea 20 miles E.N.K. of Douglas, in the Is'.e of Man.
Length of observed tliglit 120 miles, and velocity 2 1 miles per secoml.

These figures are only approximate. Additional observations kcuIiI

be very useful.

THE FACE OF THE SKY FOR JULY.
By W. Shackleton, f.r.a.s.

The Sun.—On the 1st the sun rises at 3.48 a.m., ami

sets at 8.18 p.m. Ou the 31st he rises at 4.23 a.m. aud

sets at 7.50 p.m. The earth is at its greatest distance

from the buu ou the 4tli at 1 p.m., whmi tho aJ)par<•n^

diameter of the sun is 31' ^0"-6,
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iiiiite on the second move should count as a dual con-

liinialioii. I am inclined to think that it should, but am
sulimittiniT the question to Mr. B. G. Laws. Should his

opiuion coincide with mine, Mr. Jolnistoii's score will

stand; otherwise a third and final arbitrator will decide

the point.]

-4. F. I Kmihy).—As there is a mate i>n the move after

1. . . B to Q8, etc., duals resulting in mates on the third

move would not count.

W. J. Land.— 1. Kt x Kt appears to be answered l>y

1. . . P toKt4.
H. Boi/ea.—See above. After 1. R x R, Kt x R

;

2. B to Kt3, B X B, there is no mate.

J. W. Dairsoii.—The rule printed in the A]iril number
reads:—"When a problem has more than one Icej. no
points will be given or deducted for claiming duals." The
reason is that when a problem is "(tooked," it is immaterial

to the judges whether its solutions contain duals or not.

Many of j'our claims for duals in No. 6 are incorrect, but

as most of them are for cases in which there is a short

mate, no points have l)een deducted for such claims. One
point, however, must be deducted for the claim of a dual

after 1. . . P x B. Neither 2. R x R, nor 2. P to B4ch,
will meet the case.

Composer of " Tuhhy."—Tour ])roblem must be dis-

qualified. Castling as a key-move is not legitimate, as

there is no pi'oof that White has a legal right to castle.

PROBLEMS.
No. 7.

' Nemo saltat sobrius."

Black (7).

^ 9 \^m
wA ^ ^ ,^9. ^B. ^a

g^f^

'rif K W
White (7).

White mates in three moves.

No. 8.

"Poor Pink."

Black i9.

"^r^ti '"i""'^iti

I4R m M
i » M » I

WniTK (11)

W^hite mates in three movi's.

No. 0.

" Satis."
Buck (7).

^ m^'^y _^ #^

^

White (1").

White mates in three moves.

After the very satisfactory entry for the Problem
Tourney, the number of competitors in the Solution
Tourney comes as a disappointment. We can only guess
that many of the readers of this page either found the
May problems exceptionally difficult, or decided that the

solving of three three-move problems a month was too

much for them. I cannot alter the number at present,

but after the end of the year, and in future solution

tourneys, the number of three-move problems will be

diminished.

SPECIAL NOTICE.
All claims for incorrect scoring of points must be sent

in within ten days of the first day of the month of

publication. After that date solutions will be desti'oyed,

and claims for altered scores cannot be considered.

CHESS ESTTELLIGENCE.

Mr. F. J. Marshall, the well-known American expert,

has defeated, in short matches, two of our strongest

amateurs. Mr. R. Lomau lost by four games to two, and
Mr. W. Ward by the same majority. Mr. Ward was the

winner this year of the City of London Club Championshi]i.

Mr. T. F. "Lawrence being second, and Messrs. T. B.

Girdlestone and H. W. Trenchard bracketed third and
fourth.

A correspondence match between Yorkshire and Kent,

with .^0 players a side, resulted in a win for Yorkshire bv
28^ to 21|. At board No. 1, Mr. G. A. Sch,.tt, of

Bradford, won a brilliant game against Mr. O. C. Muller.

The Open Amateur Tournament of the Kent County
Association i-esulted as follows :—Firet prize, R. Loman,
7 ; second, O. C. Muller, 6 ; equal third, fourth and fifth,

R. P. Michell, G. A.Thomas and G E. Waiuwright. 5i.

There were five other com]ietitors.
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THE DEER OF THE PEKING PARKS.

By R. Lydekker.

OcTOHER r2th, 18()0. will alwav.s lio memorable as the

ilate t)f the liuniiiii^ of the Imi)erial " Siaumer Palace " in

the YiiangmiiiL,' Yuan, the wonderful pleasauuee situated

to the north-west of Peking. The Ynangming, which had
apjiai-ently been hitherto unvisited by Europeans, oceujiies

an area of many hundred acres, and is in fact a park
diversified with lakes, and containing a collection of
buildings of immense extent, among which was the

Summer Palace. The most beautiful part is the forest

clothing the flanks of the Hiaug-chan hills, whidi attain

a height of a thousand feet, and from which mav be
viewed at the foot the extensive lake, and in the" far

distance the walls of Peking enveloped in a smoky haze.

Dotted through the gardens were temples, lodges, and
pagodas, groves, grottos, lakes, bridges, terraces, and
artificial hills. " It certainly was," writes a spectator,
" one of the most beautiful scenes I had ever beheld." In

the Summer Palace were gathered together all the
treasures and curiosities accumulated by the reigning
dynasties of China during untold centuries. All these
perished in the conflagration, which lasted two days.

Whether this burning of the palace, which was ordered
by Lord Elgin as a punishment for the atrocities inflicted

by the Chinese on IBritish subjects, was justifiable, is not

Fig. 1.—Sketch Map of Peking and its Environs.

our province to enquire—Mr. Justin McCarthy, in his

•History of Our Own Times," considers that it was.

All that concerns here is the fact that among the loot

sent home from the destruction of the Yuangming Yuan
were the skins and antlers of certain deer which had been

shot in the gardens. These specimens, now in the British

Museum, appear to have been obtained by Colonel Saul,

although Consul Swinhoe was the gentleman by whom
they were sent to this country.

Although there does not appear to be any record that

such was the case, these specimens may be taken as an

indication that among the other attractions of the grounds

of the Summer Palace were herds of deer, kept either for

the purposes of sport or to enhance the beauty of the

landscape. The best of the three specimens sent home

was a young stag in the winter coat, of which a coloured

figure was given in the Proceedings of the Zoological

Society of London for 1861. By the late Dr. Gray, then

Keeper of the Zoological Department of the British

Museum, this deer was regarded as belonging to an

ill-defined species named many years before. Two years

later this identification was disputed by Mr. Swinhoe, by

whom the sjiecimen was regarded as representing a new

species, for which the name Cervus hortulorum—the deer

of the [Summer Palace] Gardens—was, appropriately

enough, suggested.

For many years this species was regarded as inseparable

from one inhabiting Manchuria, which is now known to

be a very different animal. But among the deer now
living in "the Duke of Bedford's park at Wobum are a

herd of a very beautiful species from Northern Manchuria,

which has been proved identical with Mr. Swinhoe's

Cervtis hortulorum. These Peking deer (as it has now
been agreed to call the species) are remarkable for

the extraordinary difference between their summer and

winter dress—a difference so great that persons who have

seen them at one season may well be excused for not

recognizing them at the other. In the summer coat, as

shown in Fig. 2, they are of a brilliant reddish chestnut.
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profusely spotted with white ; iu winter, on the other

liaiul, when the coat of the old 8taf;8 hecomes very

lon>; and sliagf^'y, they are uniformly uniher-l)riiwn,

althoufjh traces of spots may persist in the youuf];or staffs

and liinds. The old stags are but little inferior in size to

Fig. 2.—Peking Stag in Summer Dress, with the Antlers in Velvet.

Phoio'jrap'hed by the Duchess of Bedfohp.

red deer, with which species certain hinds from the

Summer Palace were indeed identified by Mr. Swinhoe,
who quite failed to recognize that they were really the

adult form of his " garden deer."

In England the Peking deer seems to thrive as well as

red or fallow deer, and in time we may hope to see it

established in many of our parks.

But the Yuangining Yuan was not the only park where
deer were kept by the Chinese Emperors. To the south of

Peking, as shown in the accompanying sketch-map, lies a
park known as the Non Hai-tzu (or Nanbai-tze), far

exceeding in extent the Yuangming Yuan, the bi-ick wall

by which it is enclosed being forty-five miles in circuit.

This imperial hunting-park, as it is commonly called by
Englishmen, is separated from the city by a plain, which
is marshy in places, and gives rise to a river, flowing in

part of its course through the park itself. The whole
tract is thickly forest<>d, but villages and military posts

are dotted here and there in the clearings.

The park was in former days strictly guarded, and no
Europeans were allowed entrance, although there are

reports that by the aid of disguises a few entered from
time to time. According to rumour, the park was the
home of large herds of deer of various kinds, as well as of

flocks of the Mongolian gazelle, or yellow sheep, as it is

called by the Chinese.

Till the year 1865 naturalists had no idea as to the

species of deer to be found in the Non Hai-tzu, the Anglo-

French ex]iedition of 1H(J0 having confined their attention

to Peking and the Yuangming Yuan In February of the

former year, however, the well-known French missionary,

explorer, an<l naturalist, Pere Armand David, obtained an

opi)ort\inity of looking over the wall, and was much
astonished at the sight which met his eyes. In addition

to Mongolian gazelles, he saw herds of a species of deer

which he then regarded as an unknown kind of reindeer,

although he described it as somewhat donkey-like in

api)earance, with a long well-haired tail. At that season

of the year the stags were without antlers. At the time

the energetic missionary was quite unable to obtain a

specimen of the new deer, but by bribing the Tatar

guards of the park he succeeded in January of the

followiug year in acquiring the skins of a stag and hind.

Meantime the French Minister at Peking had been en-

deavouring to procure a living pair of this deer by

diplomatic means, and in February of that year succeeded

in his efforts. The stag, however, unfortunately died soon

after its removal from the park, and its skin was sent to

Pari.« with those of the two specimens obtained from the

Tatar guards
When these specimens arrived at the Paris Museum

they were examined by Prof. Milne-Edwards, who in due
course described them as representing a new genus and
species of deer, under the name of Elaphiirnn davidianiis.

By the Chinese, it may be well to mention, the animal is

known by the name of Mi-lou, or, more commonly, Ssen-

pou-siang.

The accompanying photograph (Fig. 3) gives an excellent

idea of the external appearance of the stags of this fery re-

markable and interesting species of deer. To describe its

Fic. 3.— Pfere David's Mi-lou Stag.

P/i(ifo-7rn]t/ied by the DrcHESs of Bedford.

characteristics in anything like detail would obviously be

quite out of place in an article of the ])resent nat ure, and

it will suffice to allude to a few of its more striking

peculiarities. One feature by which the stags of this

species differ from those of all other Old World deer, save

the elk and the roe, is that the antlers are of the forked

type. That is to say, in place of having a forwardly pro-

jecting brow-tine immediately above their base, the main
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shaft, or beam, is undiviJetl for a short distance, and then
splits in a fork-Uke manner. A peculiarity of the mi-lou
deer, and one wherehv it differs from all the numerous
species of American deer carrying antlers of the forked

type, is that the hind prong of the main fork forms an
undivided tine of great length direi-ted backwards. The
front |irong, on the other hand, is forked at least once,

and has hut little forward inclination till the point of

bifurcation is reached. The long donkey-like tail, which
attracted the attention of the Abhc David at his first

sight of the animal, is particularly well displayed in the
photograph. The general colour of the coat is fawm-grey,
becoming lighter on the face, rump, inner sides of the
limbs, and under-parts. Unlike the majoi-ity of deer,

there is but little change in the colour of the coat accord-

ing to season. One very curious peculiarity displayed by
the stags iu the herd of mi-lou deer at \Voburu Abbey
is that they shed and renew their autlers twice a year,

instead of once, as in other deer. Whether, however, ibis

peculiarity has always been inherent in the species, or

whether it is the result of long domestication, is impossible

trt say, for the species is quite unknown in a wild state.

Indeed it caunot now be ascertained whether this double
change of antlers took place among the herds in the Non
Hai-tzu, or even in the specimens first brought to Europe.
The date of the introduction of these deer into the

imperial luinting-park is probably very remote, seeing

that, as already said, they have never been found wild in

any part of Asia by Europeans. It is true that, according

to Dr. S. W. Bushell, to whose account reference is again

made in the secjuel, a Chinese writer of the latter part of

the eighteenth century mentions Kashgaria as the native

country of these deer ; but even if that be correct, the

species may have been exterminated there centuries ago.

Anyway, there is but little hope of its survival in that

district at the present day.

As China became slowly opened up to European
enterprise, the difficulty of obtaining specimens of the

mi-lou deer gradually decreased, and in August, 1869, a

male and female were received at the menagerie of the

Zoological Society as a gift from Sir Rutherford Alcock.

A second pair were acquired by purchase in 1883, since

the death of which the species appears to have been

unrepresented in the Society's collection. Meanwhile
specimens were from time to time received by various

menageries ou the Continent ; and the species has bred at

thi' gardens of the Societe d'Acclimatation at Paris and
elsewhere.

The subsequent history of this interesting and remark-

able species is extremely sad, no one apparently having

had the least idea that it was on the point of extermina-

tion until too late. No definite statements are made by
the earlier travellers as to the numbers of these deer in

the Non Hai-tzu when they first came under the observa-

tion of Europeans. Writing, however, in the summer of

1898 to the secretary of the Zoological Society, Dr. Bushell

stated that he h;id formerly ridden among the herds which
swarmed in the imperial park, where they appear to have

been reserved for the sport of the Court, and were care-

fully protected. Whether, in later years, less care was
taken than formerly to see that the park and its sur-

rounding wall were in good condition, the account does

not state ; but during or about the year 1894 the Hun-ho,
which flows through the park, became flooded, and breached

the wall in several places Through the gaps thus made
all the mi-lou deer escaped, and appear to have be»'n killed

and eaten by the peasantry of the surrounding districts,

n ho were suffermg at that time from famine. In his letter

Dr. Bushell promised to make enquiries ou his return to

China if any of the deer had escaped destruction, but as

nothing more has been heard from him on the subject, it

may be presumed that all were slaughtered.
Assuming, then, that the mi-lou deer does not exist in

a wild state in some unexplored part of Kashgaria, or other
remote part of Central Asia, it seems only too evident that
its sole living representatives are those preserved in Euro-
pean collections. By far the greater number of these are
now at Woburn Abbey, where they run in the oj)eu park
with the other deer. They breed freely, without an undue
proportion of males among the fawns ; a very hopeful sign
being, that some hinds purchased from Paris, where they
were sterile, bred after they were transferred to their new
quarters. Some time ago the herd at Woburn numbered
over twenty head, and it has probably increased since

that date. One point in favour of the prospects of the
survival of the Woburn herd is the fact that the species

has for centuries been kept in a state of semi-domestication,

that is to say, it has lived in an enclosed park without,

ajjparently, any infusion of fresh blood. It would, there-

fore, seem probable that it will be less likely to suffer

from the effects of inbreeding than is the case with
animals suddenly transferred from the wild state to

captivity. Every care is, of course, taken of these valuable
animals, and naturalists will watch with interest the

results of the attempt to renew and preserve a decadent
and almost exterminated race.

So far as I am aware, Pere David's mi-lou deer is the

only example of a mammalian species used neither as a
food-supply or as a beast of burden which has been pre-

served from extermination in a semi-domesticated state.

Readers of this article who may be desirous of seeing

the mi-lou deer, will find a handsome stag, with fully

developed antlers, exhibited in the Natural History

Museum, where there is also the mounted head of a

female—both the gift of the Duke and Duchess of Bed-
ford. Unfortunately, the taxidermist to whom the task

of mounting the stag was confided (and taxidermists are

the despair of naturalists, whose name they are prone to

appropriate !) took for his model a red deer instead of

photographs like the one here reproduced. Consequently,

instead of having the slouching, donkey-like carriage so

essentially characteristic of the species, the Museum
specimen is represented with its head elevated, after the

fashion of Landseer's picture " The Monarch of the

Glen."

As already mentioned, the mi-lou deer, which is the

sole representative of its kind, has no near relatives in the

Old World. In spite of a certain not very imjjortant

difference in the structure of the bones of the fore-foot, it

appears, however, to be a not very distant cousin of the

typical American deer, that is to say, the numerous species

other than the elk, the wapiti, aud the reindeer, which

are really Old World forms, whose entrance into America
is probably a comparatively recent event. Probably lioth

the mi-lou and the American deer are the descendants of

an extinct group, with antlers of the same general type,

whi(;h flourished iu Europe during the later portion of

the Tertiary epoch. The greater the pity that such an

ancient and remarkable type as the former should be on

tlie point of extermination !

VEGETABLE MIMICRY AND
HOMOMORFHISM.-IV.

By Rev. Alex. S. Wilson, m.a., b.sc.

The Fungi are an exceedingly numerous class, exhibiting

extraordinary diversity of shape and coloui-ing ; many
remarkable resemblances are observed among them, but

the life-history in several groups is imperfectly known
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so that the significance of the analogous cliavacters is

in many cases still problematical. Odd roseiiibl.-inccs lo

various objects, which can only bo rcgardcil a.s accidental

coincidences, are presented by .a number of fungi. There

is the Jew's-ear fungus, which grows on stumps of the

elder, and is so named from its unmistakable likeness

to a human ear. The Geasters are curiously like atar-

Fig. Ifi.— Geasters

fish ; Aseroe has an extraordinary resemblance both in

form and colour to a searanemone ; c<iually remarkable

is the likeness to a bird's nest seen in species of Cruci-

buluni, Cyathus and Nidularia. Though most of these

are too small to impose on one the resemblance is

singvilarly exact, and a large specimen might almost pass

Fig. 17.—Bird's-nest Fungi. 1, Crucibuhim. 2, Nidularia.
3 and 4, Cyathu.s.

for the nest of some small bird, the eggs being admirably
represented by the little oval fruits of the fungus.
Even in such cases we must not too rashly conclude

that the resemblance confers no advantage. The
existence of attractive characters in so many fungi points
to the conclusion that the same principles are in
operation among them as among flowering plants.
Numerous facts indicate a tendency in fungi to assume
a guiso which helps either to protect the plant or to
promote the fertilisation, germination or dispersion of
its spores. If. as some mycologist.^ believe, spores benefit
through being swallowed by animals, it is easy to under-
stand how a fungus might profit by bcin<: mistaken
even for a bird's nest containing eggs.

A similar explanation readily suggests itself of the
likenesses seen in Tremelln moriformix and Liret?

fragiformis; as their names indicate the fonncr
resembles a mulberry, the latter a ripe strawberry. In his
paper on "Mimicry in Fungi." Dr. Plowright (Grevillea,
Vol. X.) instances species which pioson) a likeness to
the ear of a rabbit or hare, to the liver, brains and

entrails of animals, to honeycomb, to tangled horse hair,

and in a number of others te the excrement of various

animals.

Most toadstools appear to be coloured in strict

accordance with the principle of the protective

rosomblanco. Even for an experienced observer it is

impossible to distinguish a fading leaf as it lies in the

gi-ass in certain positions from the yellow pileus of an

agaric. Protective colouring is also well seen among
the Pezizas, many of which are clad in obscure tints.

Dr. M. C. Cooke (Grevillea, Vol. IX.) has described

several species which gi'ow on charcoal or on charred

gi-ound and ai'e easily overlooke<l on account of their

resemblance to the blackened soil. One agaric grows on

clay, which it closely resembles in colour, several grow
among dead pine leaves and are easily mistaken for old

pine-cones. Other instances are Aff. sorfliilus on dung-
hills, Aff. fusijies on rotten wood, Afj. vtrtirui/is among
dead bracken, species of Mycena among dead leaves and
twigs, and Paxillus on sawdust. One or two agarics

grow among grass and have a green colour corresponding
to their environment. The conical caps of Af/.

hypnorum resemble the calyptra of the mosses among
which they grow, while most of the brighter coloured

agarics harmonize very well with the bright tints of

freshly fallen autumnal leaves. In striking contrast to

the gay tints of the fly agaric is the snowy whiteness

of its near ally Amanita nivalis, an alpine fungus grow-
ing on our loftiest mountains.

Besides the scarlet amanita mimicked as we have seen

by Balanophora, other attractively coloured fungi are

Fig. 18.—The Scarlet Amanita.

the red Peziza cup, Cordiceps and Cortinarius, the coral-

like Aiithina, the crimson Russula, the amethyst agaric

,i.nd Clavaria, the violet Marasmiiis, tlie purple Russula,
the green Boletus, several bright yellow agarics and the
black Geoglossum. A number of fungi are phosphor-
escent; some tropical species light up the jungle at
night; others occur in coal mines. Several Polvpori
growing on dead wood become luminous in the dark.
The odoui-s of fungi ai'e veiy vai-ied. Clathius and

Phallus are offensive and attract swarms of blow-flies,

Lactarius and Hydnum, on the other hand, are sweetly
scent«d like the flowei-s of Melilotus. Among the odoui-s

of fungi enumerated by Dr. Plowright arc those of

aniseed, mint, peppermint, gai-lic, horee-radish, cucum-
ber, ripe apricots, rotting pears, rancid h-^rring, Russia
leather, gas tar, prussic acid, nitric acid and cacodylc.

Like the hemlock, Agnricus incanux has the smell of

mice, two species of Lactarius have the odour of the
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commou house-bug, while Ilygrophorus cossus smells like

the larvae of the goat-moth. Fifteen or sixteen species

of agai-ic resemble oatmwil boUi in taste and smell;
Hydnuni repaiidum has the flavour of oysters, recalling

the oyster plant among the Boraginaceae, whose leaves

have a similar taste. Several are possessed of a nut-
like flavour.

The common Stinkhorn, PhaJluf impudicus, is the
best known representative of a large family of fungi,

tlie members of which are found in various parts of the

Fio. 11).—Tlie Stinkhorn. Fig. 20.—Clatkrus.

I

world. The PhaUoidi include Phallus, Lysurus, Sim-
blum, Clathrus, Aseroe and other genera, all characterized
by offensive odours and conspicuous colours. These fungi
have been carefully studied by Mr. T. Wemyss Fulton,
whoso paper on the " Dispersion of Spores in Fungi " in

the Attnah of Botany for 1899 contains many interesting
and important observations bearing on mimicry.
The rapid elongation of the stinkhorn is very remark-

able; the fungus has been obser\'ed to attain a height
of several inches in half an hour, furnishing an apt
illustration of the proverb that ill weeds grow apace.
It not only emits an intolerable chamel-house stench,
but its ghastly pallid hue seen against the background of
its usual sun-oundings is peculiarly suggestive of the dead
carcass of some animal. Its surface at first exudes a
sweetish slimo containing sugar, but the hymenium or
spore-bearing portion is deliquescent and the entire mass
speedily undergoes a series of changes, the white becom-
ing brown, then black, the solid mass being ultimately
resolved into a dark foetid fluid in which the spores are
suspended. These mimetic changes, which so closely

approximate to those of decomposition, attract carrion
flies in prodigious numbers. Blow-flies even deposit their
eggs on the fungus, and the maggots seem to develop
as though nourished by its su'.'stance. On examination
Mr. Fulton found the spores adhering in thousands to
the feet and probpscides of the insects. Their excrement
he found to consist almost entirely of spores, and the
latter were proved by experiment to be still capable of
germination. There is thereiore no doubt in this case
that flies are employed as agents in the dispersion of
the fungus. This statement also applies to various
Coprini and others with a deliquescent hymenium. The
spores of Coprinus fimentarius are ultimately contained
in a slimy liquid substance having a foetid odour and
eagerly sought after by flies. In this species the jiileus
becomes revolute and fissured at its margins whereby it

acquires a curious superficial resemblance to the flower-
hcads of some composites, the brownish centre corrc^
Bponding to the disk and the marginal segments to the
white florets of the ray.

THE PLAIN OF PRUSSIA.
By Gbenville A. J. Cole, m.k.i.a., p.o.s.

Holland is known as a flat country, where architects

have admirable chances; and the same type of scenery
continues for souu- distance to the east, barus, church-
towers, and windmills forming the main features of the
landscape. When, after some feeling of monotony, and
nine hours in the express from Vlissingen, we coiue in the
afternoon to the desolate heath of Liineburg, we seem
about to meet with wilder things. The largo undulations

of this sandy watershed look mountainous after a morn-
ing spent in Holland ; vague and perishable roads wander
across them; and here and there a single figure, some lost

soul of an agriculturist, appears ploughing the soil, which,

but for him, would be a heathery and hopeless waste.

The railway and the adjacent Kaiserstrasse, which is paved
with blocks of stone to give it some rigidity, seem the only

signs of civilisation.

Yet in time we come to the Elbe, and the forest of

masts at Hamburg, and industrial Germany seems to

spread before us. So far, in reality, we have only crossed

the fringes of the plain. If we follow it to the Russian
frontier, our ideas of its magnitude will certainly grow
more precise.

The extraordinarily uniform nature of the landscape
makes it almost inevitable that one Power should seek to

hold this country from the east end of the Baltic to the

west, and away beyond, even to the coast of Holland.

One by one the minor states have yielded, and the un-
scientific frontier of Holland still keeps her open to future

attack, either by diplomacy or arms. The first political

sign of this Baltic uniformity was the establishment, in

the thirteenth century, of the Hansa League, which bound
the scattered seaports into one powerful federation, ready

to defy the Danes and Scandinavians on the north, and to

make their own terms with the imperial forces on the

south. To this day the Hansa towns form the glory of

the Baltic coast.

Once outside the towns, however, the features of the

great plain begin afresh. A few miles east of Hamburg,
with our backs to the great Liineburg Heath, which goes

oft' in waves beyond the horizon, we are out in the enormous
meadows, where a hundred head of speckled cattle graze

within a single field. The red brick towns are succeeded

by red brick or timber villages ; stone is far too valuable

to be used elsewhere than on the roads. The village streets

are paved with permanent blocks of granite, syenite,

diorite, or other crystalline rocks ; the Kaisersfrassen are

macadamised with uniform fiagments of the same mate-
rials. Here and there some hillock or cutting reveals

the underlying substance of the plain, sand or loose earth

ill which pebbles and boulders are abundant. In the few

I>laces where the bed-rock is known below these layers of

detritus, it is not such as to yield pebbles of crystalline

rock by any process of decay. Dr. Wahnschaffe* has

collected the records of some five hundred borings through
the superficial deposits, which reach in many cases a thick-

ness of fifty, and sometimes even of two hundred metres.

The beds penetrated lower down are in a few instances of

Triassic age, but far more commonly are Cretaceous or

Cainozoic. In no case are granitic or even volcanic rocks

recorded. White chalk, as is well known, conies to the

surface in the cliffs of Riigen on the Baltic ; but crystal-

line masses must be sought in the Harz Mountains or on
the borders of Bohemia.
The boulders of the great plain of Prussia are not, how-

• " Die Ursachen der Oberllachengestaltung des norddeiitschen

Flachlandes " (ICOl), pp. 18—59.
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ever, even of Germau orifjin. They prove, as was fairly

recognised a century ago, to belong to Scandinavian
masses; practically, they liavo been spread across the laud
from Sweden. Far from being a jiroduet of the waste of
Central Europe, as one would suppose from the present
direction of the rivers on its surface, the ]>lain represents

the filling up of a depression by the ll<iw of material from
the north. How has this material crossed the Baltic, and
formed, as it were, a widely stretching delta abutting on
Saxony and Bohemia? Surely the deposition should have
tjiken place where the Scandinavian streams meet the sea,

and not against the opposite shore ?

Setting aside some early views, which maintained that
the boulders were volcanic bombs showered out from
seething caldri>ns in the north, geologists were led to

believe that flood-waters had swept down fi'om Scandinavia;
and, later on, it seemed still more easy to account for the
drifted material by the agency of floating ice. This ex-

planation would require the submergence of the whole
Prussian area in glacial times beneath an extended Baltic
sea, the existence of which is at least dubious. At the
same time, it leaves the long eskers and other features un-
accounted for. The intercalations of marine layers among
the " drift " deposits of North Germany are, however,
sufficiently numerous to make one regard the area as once
occupied by shallow bays and inlets on a shore formed of
glacial accumulations. As the ice spread from the north,
the earlier deposits were overridden, and no further marine
beds could be laid down until the glaciers again retreated.

As the ice melted, the burden of stones and sand, largely
carried within its mass, became added to the drift and
obscured much that had gone before. Making every
allowance for the loss of some marine deposits and the
effectual concealment of others, it seems, nowadays,
impossible to maintain the view that the drift of North
Germany, as a whole, was deposited by floating ice. At
one time or another, solid ice, highly charged with Scan-
dinavian dehris, seems to have spread across the whole
Baltic region and far towards the central European high-
lands. Prof. James Geikie's map* represents the extreme
position reached by certain glacialists, and is enough
to arouse criticism, and to make the supporters of the
marine view seek for loose rivets in his armour. Dr.
Scharff,f who enters the lists against him, does so mainlv
on climatic grounds, and m-ges that certain species of the
European fauna have survived (in Ireland, for example)
from Pliocene times onward, and that no ice-invasion has
occurred over Northern Europe sufficient to crush out
animal and vegetable life. He is thus led to regard the
German drift as a marine deposit, and tlie Irish and British
glaciers as local phenomena. Neither Dr. Scharff nor the
believers in the frequently recuiring warmer " inter-glacial"
epochs seem to make sufficient use of the well-known
Malaspina glacier of Alaska,^ which spreads out on almost
level groimd, moving and melting so slowly that abundant
vegetable and anmial life finds a ])lace upon its surface.
It is well to remark, however, that modern observations in
high latitudes agree in showing us beds of glacial drift
deposited in shallow seas, and subsequently lifted above
the water ; the Chaix Hills of Alaska are among the most
conspicuous examples, and reach 3000 feet in height.
Hence both the advocates of continental ice-sheets and
those who invoke the sea may find support when they
study "existing causes of change." It is not difficult in

*"The Great Ice Age," ed. 3 (1891). PL IX., p. 437.
t" On the Origin of the European Fauna," Proc R. Irish Acad.,

Ser. 3, A^ol. IV. (1897), pp. 48S -502. Also " Tlie History of
the European Fauna," Contemp. Sd. Series (1899), pp. SO— Stj.

I Thirteenth Ann. Rep. U.S. Oeol. Survey (1892), pp. 19, 26, and
67; see also K.nowlebob, Vol. XXI. (1898)', p. 219.

this controversy to suggest the golden mean ; whatever the
former elevation both of Scandinavia and Central Europe
may have been in early glacial times, it is clear that the
floor upon which the ice oozed forth was swaying slowly

up and down somewhere near the level of the sea.

When we learn that the rock-floor, which is generally

hidden in this area, bears on it the grooves and striations

first noted by De Saussure, and now so universally asso-

ciated with the passage of glacier-ice, we must incline

strongly towards the view that ice-sheets have occupied the
plain. Dr. WahnschafiEe,* to whose work the present

article is so greatly indebted, shows on a map how glacial

striiB have been again and again found on rock-surfaces,

under the covering of " drift," even so far south as

Saxony. Some local glaciers from the Erzgebirge have
naturally to be considered when we get into the Dresden
area ; but the general conclusion of German geologists at

the present day is that the Scandinavian ice spread, at one
time or another, as a vast sheet over the whole Prussian
plain, and deposited its boulders at heights of 415 metres
on the Saxon foothills, and even at 42i5 metres in the

Riesengebirge to the east.f The exact figures, however,
give us little idea of the thickness of the ice or of the

slope over which it moved, seeing how many oscillations

the plain of Germany has undergone, in company with the

mountain-masses to the north.

If we seek for evidence of these oscillations, and of their

impressive magnitude, we may find it in the recent

researches of Prof. W. C. Br6gger,J who urges that con-

siderable submergence took place even while the ice was
melting from the margin of southern Norway. The ice-

rim thus dropped its burden of sand and boulders§ into a
sea in which boreal, but not necessarily arctic, molluscs
lived ; and here again, as is so often recorded, stratified

shell-bearing gravels result, of marine yet at the same
time glacial origin. These, by the last emergence, are now
lifted high and ' dry upon the coast-lands. But beneath
them the distinctly striated rock-floor stretches seaward,
showing that continuous ice occupied the place of the sea

in still earlier times, banking it out from the land, or

moving over dry ground when Scandinavia was more
elevated than now. All these considerations must weigh
with us when we set out across the Prussian plain.

Broadly, then, we may feel that certain later deposits should

be regarded as submarine stratified moraines ; yet we can-

not overlook the preponderating evidence that a huge
confluent glacier-fan once spread across the country.

The phrase moraine profonde, applied to the deposits

that come to light on the melting of an ice-sheet, has
received different meanings during different stages of

research. At one time it was presumed by extreme
" glacialists " that boulder-clay was at one and the same
time accumulated and thrust forward under the ice

itself, as a sort of product of the rasping away of the

country over which it moved. Modem observation on
existing ice-sheets convinces us that the quantity of

material which may be carried in the body of the ice, ap-

pearing as the mass melts, and becoming stratified by the

accompanying wash of water, is quite sufficient to account
for boulder-clays and other drift deposits. Such beds
have thus a dual origin, and their final disposition is due
more to water than to ice. Probably the moraine profonde

of modern authors must be interpreted as this euglacial

• Op. fit., Plate 2, p. 91.

+ See Jas. iicikie, " Great Ice Age," ed. 3, p. 438.

X " Om de senglaoiale og postglacialenivaforandringer i Kristiaais-

feltet," Norges geol. undersoqelse, No. 31 (1901), p. 690 (English
Summarj).

§ Ibid., pp. 687 and 689.
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material, which only accumulates as a true deposit when
the <;lacier vanishes away. In this sense it differs con-

siderably from the visible and continuous sheet of moraine-
matter which disfigures and conceals the surface of so

many glaciers. In this sense also, the material of the

Prussian plain may be spoken of as largely originating in

the moraine pri'Jonde.

And what is this plain to-day, stretching far into Russia
on the east, but a monstrous development of the drift-

covered plain of Ireland? The features seen between
Dublin and Galway are here spread out over 500 miles ; and
that distance only brings us to the further frontier of

Ostpreussen. By that time we shall probably have had
enough of plains. Yet the surface is not truly level, for

rounded hills of loam and sand, stuck full of the character-

istic pebbles, occasionally border the road, or are climbed
by it between one tract and another. In time we cross the

Oder, in its alluvial meadows, between Stettin and Dainm,
whose harliours are forty miles from open water on this

dreary and eucuml)ered coast. In eastern Pomerania the

monotonous poverty of the landscape becomes more intense.

The forests form the one ennobling feature. Mile after

mile of tall slim fir-trees, covering the sandy soil, rising in

folds with the undulations of the surface, cutting off the

grey-green Baltic on our left and the grey-green lands

upon our right, and hiding us, as it were, in ancient

Europe, far from the stir of modern times. The bitter

wind, which blows even in September, sways the crests of

the trees and crashes the stems against one another. The
noise overhead, as we rest in the half-darkness, is in strange

contrast with the quiet of these forest-depths. Here and
there a soft by-road goes off to some well-hidden hamlet

;

it is the sort of track that in Poland they call a pohka
droija, the typical road of a primitive and undeveloped land.

And so again into the open, to meet the blast that bears

with it rain-storms and sudden hail. In the sun-gleam
that follows, a cold Baltic suu-gleam, the fields show their

patches of brown earth and yellow sand ; the ploughing,

on such thin soil, does not obscure the boundaries of the

underlying drifts. The precious crystalline boulders from
Sweden, the handsomest things in the great plain, are

removed by the labourers and placed conveniently against

the highway. When the Pomeranian highland is reached,

where the ground rises at last some 6U0 feet above the

sea, lakes become more numerous, and one may climb for

fifteen miles ;iud descend for another fifteen, while the

villages adopt almost a chalet style of architecture.

We had thought of the Vistula as the frontier of

German preponderance; but both sides prove that the

racial lines are as uncertain as the stream itself between
its banks of yellow earth. The great waterway is, how-
ever, a feature in itself, with cUffs above it in jilaces

200 feet in height, and the antique towers of Mewe
or Marienwerder looking out upon the stream. The
course of the river from near Bromberg to the Baltic is,

geologically speaking, modern. All across the plain, the

great rivers receive their longest tributaries from the east.*

These, such as the Spree and the Warthe, run so far back
from the main streams that it seems as if a trifling further

extension would unite them in one great westward-flowiug
river, leaving the lower Vistula and Oder " beheaded "

and diminished. Yet the course of events has been in

reality in the opposite direction. The tracing out of the

alluvial deposits in old valleys across the plain shows th.at

the great east-and-west river has already existed, and that

the lower courses of the Vistula and Odei- result from the
flowing out north at a later period of water that once

• Compare Kirchhoff, in Jlill's " International Geography " (1S99),

p. 270.

found its way into the Elbe. ' The Bug, rising in eastern

Galicia, joins the Vistula near Warsaw ; its waters
formerly, as now, followed the present valley of the
Vistula as far as Thorn and Fordou, but thence ran
on west along the course of the present Netze and Warthe
to the valley of the Oder ; thence, still westward, to the
Elbe near Havelberg in western Brandenburg, and so away
to the North Sea. After a time, the water escaped north
at a point in Brandenburg, and the lower Oder was
formed, flowing to the Baltic ; still later, a narrow breach
was opened near Fordon in Westpreussen, and the lower

Vistula drew off the more eastern part of the water, the

former link with the Oder becoming converted into the

present Netze. Thus it happens that only diminished
streams occupy the ancient valley, while the main flow

from the northern Hanks of the Karpathians is poured by

Fordon, Neuenburg, and Mew^e into the Gulf of Danzig
Whatever valley previously existed here has been deepened
by the greater flow turned into it, and the notches cut liy

old tributaries can be seen, left behind, as it were, high

upon the yellow cliff.

This diversion of the streams northward, so noticeable

on any map of Prussia, has been attributed to local

alterations iu the tilt of the land, such as are known to

have gone on even since the deposition of the drift. A
more general cause has been sought in the retreat of the

dominant ice-sheet towards the Baltic basin ; until this

melted away, the rivers could only run east and west along

its front. It is conceivable that the retreat was assisted

by a downward movement of the Baltic area, and the

formation of a slope on which new streams ran towards

the ice-front and not away from it. The present river-

courses, whatever their origin, clearly arise from the

intersection of two separate systems.

At present, modern alluvium is spreading across the

wide valley of the Vistula. Thus the old red fortress of

Marienwerder, planted on the eastern bank, is two-and-a-

half miles from its ferry ; and when we cross the river,

another level mile brings us to the western bank. At
Neuenburg, the town rises directly from the stream ;

but

five miles of alluvium must be traversed before we reach

the correspondirg cliff upon the east. These figures

convey some idea of the scale of the valley, which forms the

one great scenic feature of the Slavonic lands of Prussia.

We climb to Marienwerder, and again go eastward. A
certain infatuation, such as Napoleon felt in the dreary

days of 1806, draws one to the Russian cordon. Enormous
ploughed lands, with occasional woods, and lakelets

bounded bv heaps of glacial drift, are succeeded near Lbbau
l>y quite a highland country, in places 800 feet above

the sea. Long eskers, the gravel ridges that represent the

channels of sub-glacial streams, cross the route, and again

remind us of the inland ice. Their association with

lakes recalls on a large scale the desolate moorland of

Tyrone. Beside the road, boulders four or five feet long

are piled up in cairns, while smaller ones peep out every-

where on the surface of the fields.

At length, in a purely Polish country, we reach the

cordon and the black and white Russian frontier posts.

For eight miles we ride down the border, on a true polsha

droga, through Bialutten, Dzwierzna, and Sczepka, often

between the stems of the fir-trees rather than on the deeply

grooved and sandy road. Over there, a stone's-throw

on our left, the Cossack lancers, in their white shirts and

caps, ride to and fro, and keep that arbitrarj- and unfenced

line, which marks the edge of Europe. And here are

lUowo and the railway-station ; the gate of another Poland

opens, and in four hours we shall be in AVarsaw.

» WahnschafEe, op. cit., pp. 175-191, and PI. 2, p. 91.
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DISTANT WORLDS.
U.—A KEVIf]\V OF SOME RECENT STUDIES

IN STELLAR DISTRIBUTION.

By C. Easton.

We have just seen by the aid of Stratonoff's charts

that if we consider the Arj^'ehiiider stars (mag. —95)
projected on the Milky Way, the great majority of these

stars are not scattered in little groups irregularly spread

over the whole Galactic zone ; but tliat they are groujied

for the most part iu a few somewhat large condensations

(three or four in the northern hemisphere), whose

configuration is not much modified for stars below the

8th magnitude. But here an important question is pre-

sented. These great stellar condensations, in Cygnus,

Auriga, &e., are they not effaced as soon as we take into

consideration the innumerable numbers of stars fainter

than those in the " Durchmusterung," that is to say, the

multitude of stars of which the Milky Way, properly

speaking, is above all composed':'

We have already an indication that it is not so ; the dis-

tribution of stars visible to the naked eye is quite different,

whilst a simple inspection of the charts of the Milky Way
shows a great analogy between the image formed by the

entiretv of the small stars and the distribution of the

lower classes of Argelander. An interesting research,

executed in 1893 by the German astronomer Plassmann,

also anticipates the results to which Stratonoff leads

us. And I had commenced an enquiry with the object

of elucidating this question of a possible " correlation
"

between the distribution of stars of a medium brightness

and the very feeble ones, when Stratonoff's atlas appeared,

greatly facilitating my preliminary labours, whilst necessi-

tating the rehandling of tlie Russian astronomer's data to

make them comparable to the values indicating the distri-

bution of the "Galactic stars."

In order to estimate, as precisely as these researches

admit, the distribution of the very small stars in the

Milky Way, I first constructed an isophotic chart of the

Galaxy, following the example of the Belgian astronomer,

J. C. Houzeau, in 1876, but working according to a

different method so as to obtain a much more detailed

chart. This chart for the part of the Milky Way which

extends from AquUa to Cassiopeia is published here for

the first time. Here the curves do not re]iresent, as on

the charts of Stratonoif, lines of equal stellar density, but

lines of equal brightness (isophotes) of the Galactic Ught.

From this chart I was able to deduce, by a method too

lengthy to give here,* numerical values representing the

intensity of the Galactic light for equal surfaces of a

given size, into which the Galactic zone had been divided,

and it is evident that when these values are compared with

those obtained for the stellar density of the Argelander

stars, calculated for the same surfaces, the divergences

which may appear should be attributed to extremely faint

stars. We have thus a means of evaluating the richness

of the Milky Way in feeble stars, and the particular

distribution of these small stars.

But from such a comparison it appears, first of all, that

the great condensations of stars that begin to be seen in

those of the 8th magnitude are faithfully repnijuced

—

taken as a whole— in the very faint "Galactic stars."

This agreement, made by the aid of numerical values, is

of much greater weight than the similar conclusion which

was already drawn iu a general way from the comparison

of the charts of the Milky Way with those of Stratonoff.

What is the significance of this phenomenon ?

* The detailed account of these researches will appear shortly in the

Proceedings of the Soi/al Academy of Hciences of the Netherlands.

In the first place it is evident that it is not com|)atible

with the supposition that, in the parts of the universe

accessible to our observation, the stars, so to speak, form

islands in the ocean of space ; a great number of isolated

groups, separated from each other by intervals considerable

Isophotic Chart of the Milky Way from Cassiopeia to Aquila.

as compared with the dimensions of the groups, a

supposition which, according to many astronomers, agrees

best on the whole with what we know of the structure of

the universe. For, in this case, in proportion as the tele-

scope or the photographic camera penetrates deeper into

the stellar universe, new accumulations should make their

influence felt, and should destroy the image of the stellar

distribution produced by the stars nearest to us. and which

form but an insignificant fraction of the whole. (All of

Argelander's stars constitute but the huudredth part of

the whole of Herschel's stars.) On the contrary, we have
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seen that for the immense majority of the small stars and
for those relatively brilliant, the condensations are found
to be sensibly in the same rei;;ions of the Milky Way.

Again, a uniform distribution of stars that are sensibly

equal (Herschel's first hypothesis) is manifestly op[)osed

to what we have found, for in this case we should have to

admit that a series of condensations extends, by chance,

very far exactly in the line of sight.

Mori-over, we may doubt whether we should have here to

do with real condensations. For we must not forget that

if the stars are really of very different brightness, a fairly

considerable extension of our system along the line of

sight in the direction A, compared with the depth of the

system in another direction B, should, iiccording to the
laws of probability, produce an apparent excess in the
number of stars of all classes in A (even for fairly bright

stars, some of which would thus be distant, but in reality

exceptionally brilliant or voluuiiaous). And from what
we know of the nearest stars, and from the researches of

Prof. Kapteyn. it is evident that the differences of actual

brightness of the stars are enormous.
But, on the other hand, there is evidence of more than

one kind that there really exist in our system condensa-
tions ; that the " clustering power " already recognised by
William Herschel has produced its effect. We have first

the theoretical considerations of Celoria, Seeliger and
others, bearing on the fact that the Milky Way (actual)

is placed in a part of the universe where the stars ap-

proach more nearly to each other : then we know there

exist a great number of clusters, and that, moreover, they
abound in the Milky Way ; and, lastly, we have evidence of

another order, pcrhajis less conclusive than the evidence
based upon numbers, but not to be des])ised.—that fur-

nished by photographs. We see there a structure, such that

its accumulations must be admitted to be real, with dark
lines, the "dark lanes" which have all the appearance of

true fissures, as Mr. Maunder has already pointed out.

Thus we may start with two well-based suppositions:—
(1) The considerable inequality of the stars in real bright-

ness ; and (2) the existence of veritable accumulations of

stars. I have wished to exclude at first all suppositions

relative to distance.

With the aid of these two suppositions we can explain

in effect the principal phenomena of the apparent distribu-

tion of the stars. Nevertheless—and this is a fact which
seems to me important—these two suppositions are not

sufficient to offer a plausible explanation of certain facts

brought into evidence in the researches mentioned above.

Thus the ;omposition of the Milky Way, its proportional

richness in brilliant or faint stars, is very different in

different parts of the zone. Whilst the great stellar con-

centration in Cygnus is already shown in stars relatively

bright, another region as dense in Auriga and Moiioceros

is only evident in stars of the 8th or t»th magnitude,
whilst the region between Sagitta and Sobieski's Shield^
so brilliant, however, in the Milky Way—only begins to

appear in Argelander's last class (95), and does not become
conspicuous, as is demonstrated in the foregoing researches,

until we come to the much feebler stars considered liy

Celona(llth magnitude). On the other hand, the strui-ture

of the condensations in Auriga and Monoceros is much
more homogeneous than that in Cassiopeia and Aquila.

Those differences cannot be attributed with any show of

plausibilit}' to irregularities of the composition or the con-

densation oC these regions of the Galactic zone ; here it is

that differences in distance come into play.

The appearance of tie northern Galactic zone in draw-
ings of the Milky Way show besides that tlie whole
region between Cassiopeia, Ophiuchus and Aquila is

separated fairly clearly by a region in Perseus, thinly

star so^vn, from the other Galactic region which extends
over Auriga, Monoceros and C'anis Major. In the first

region, as we have said, the branch which passes through
Aquila and Sobieski's Shield seems more distant than the
remainder ; but, on the other hand, it has an excess of

stars fairly bright or even brilliant neai- Cepheus and
between this constellation and the very crowded region in

Cygnus. It is as if this region, extraordinarily rich

in stars, brilliant ones as well as feeble, in Cygnus
forms a nucleus, from which come off streams which first

—in Cepheus—aj)proach the sun, to curve round again,

receding more and more when in Cassiopeia, Cygnus and
Aquila ; to traverse the whole southern hemisphere,

ending in Cauis Major and Auriga ; from this great arm
there detach branches into Ophiuchus, Scorpio, etc. The
sun is situated inside this gigantic spiral, in a com-
paratively sparse region of the system between the central

nucleus and Orion. Relying on other considerations,

developed among other places in Knowledge (March,

1898), I am disposed to think that such is indeed the

structure of the Galactic system; but this view does not

allow of a rigorous demonstration.

It may be objected that one of the results of Prof. Kap-
teyn's, in conformity with the conclusions of B. A. Gould
and Schiaparelli, seems not to be in accord with such a
disposition of the stars of our Galactic system, for,

following these conclusions our sun would form part of a

secondary cluster. But we must observe that there may
well exist little clusters (Gould computes the number of

stars in the solar cluster at seven hundred) in the sparse

region of the system, and, besides. Prof. Kapteyn has lately

abandoned this idea of a "solar cluster" to which he

had been led by considerations, recognised as erroneous,

of other astronomers on which he had based it ; and as

for the conclusions of Gould and others, as these are

based exclusively on the apparent brightness of a small

number of stars, they have not any great weight.

Prof. J. C. Kapteyn (the well-known collaborator of

Sir David Gill, founder of the Astronomical Laboratory

at Groningen, and medallist of the Royal Astronomical

Society) has continued in the last few years the important

researches which Mr. Gore and Miss Clerke have pub-

lished in their lucid papers in Knowledge. We know
that Kapteyn sees in the distribution of the proper

motions of stars a moans of increasing very materially

our knowledge of the Galactic system. He takes extreme

care to eliminate every inadmissible hypothesis and every

source of error. And lately Prof. Kajjteyu has been

occupied with a new method of determining a great

number of stellar parallaxes in the same region of the

sky, and it goes without saying that a more extended

knowledge of stellar parallaxes may lead ua to decisive

results of the highest importance.

Unhappily, the results obtained so far by Prof. Kapteyn
in his last researches scarcely lot themselves be extricated

from the technical gear of formula3 ; and, besides, the

researches are not yet finished, and we may not anticipate

the result. Thus I will confine myself to mentioning that

Kapteyn has succeeded in establishing a formula to express

the mean parallax of stars of a given ])roper motion and
brightness, and that he, from this, finds the relative fre-

quency of stars of a determine 1 absolute brightness. In

his last publications,* he arrives at the conclusion that the

density, the richness in stars of stellar space is much
greater than is ordinarily represented ; that there exists

an excessive number of stars of feeble brilliancy. Kapteyn
gives, for example, the following values:—If we conceive

* J. C. Kapteyn: Public. Aslron. Lahoratorif, Groningen, VIII.,

1901; Proceedings Soyal Academy, Amsterdam, 1901.
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of a region of 8]>aco coutaininr; two millions of stars of

the same magiiituJc as our sun, wo siiall find that there are

500,000 stars more brilliant, but 12,500,000 Ktars fainter

than our sun.

From the very succinct rrioiw' that I have just j^'iven

of the researches on the structure of the visible universe

effected during the last few years—and I have said nothing

about the distribution of tlie nebula; so as to economise

space, though this is a subject very intimately connected

with the constitution of the stellar system— it will be

evident, I hope, that not only has there been much new

material brought together, but that it is possil)lo to draw

several interesting conclusions from them.

Perhaps after some years of assiduous work it will be

possible to establish more firmly on this ground of truly

international scientific effort conclusions whii'h at present

are vague and doubtful
;
perhaps we shall soon see a little

more clearly into this sublime mystery of the structure of

the universe. In any case, a corner of the veil which has

covered it through so many centuries has begun to be

lifted.

JUPITER'S GREAT RED SPOT AND ITS

SURROUNDINGS.
By W. F. Denning, f.b.a.s.

During the last quarter of a century no other planetary

marking has incited so much interested attention and

study from telescopic observers, as that familiarly known
as " The Great Eed Spot on Jupiter." The size of the

ohject, the striking aspect it exhibited in the years from

1878 to 1882, its beautifully elliptic form and the extended

duration of its visibility, have all contributed to render it

a feature of exceptional character. It may, indeed, be

almost regarded as unique, and it has certainly served an

excellent purpose in stimulating enthusiasm and directing

observers to the study of the physical changes affecting

the leviathan planet of our system.

The spot has undergone some curious variations. It

seems liable to temporary disappearance amid the sea of

Jupiter's atmospheric vapours. But through all the vicis-

situdes and diversity which have affected it in recent years,

it appears to have retained an oval shape and a nearly

uniform size, though there is evidence to show that its

dimensions are now somewhat smaller than formerly. It

displayed an intense brick red colour in 1873, and also in

1878 and four following years, but it then faded into a

lighter tint, and, subsequently, became an elliptic ring

which showed signs of further decadence. Lately, the

spot has almost suffered obliteration, having resolved

itself into a faint dusky stain, darkest at the following

end, and forming but a very feeble relic of the magnificent

object presented to us nearly twenty-five years ago. The
eye is directed to the exact position of the marking by a

remarkable irregularity in the southern side of the southern

equatorial belt, in which there is a large bay or hollow

immediately north of the spot and partly enclosing it.

Old observations have not yet been fully investigated,

in order to determine the date when the red sj^ot first

impressed itself upon the face of the planet. Under the

circumstances this will be a difficult point to decide, owing

to the want of continuity in the observational evidence.

Eobert Hooke, on I66i, May 9 (O.S.), was undoubtedly

the first to discover a large dark sj)<>t on the southern

hemisphere of Jupiter ; but he does not appear to have

made any further observations of it. J. D. Cassini, fortu-

nately, re-detected the object in the summer of 16(35, and
watched it during subsequent years. He ascertained that

its period of rotation was 9h. 56m., and that it had a

somewhat precarious existence, for it alternately appeared

and di»ap]>eared at irregular intervals.

Was the spot discovered l)y Hooke in 1664, and studied

by Cassini in later years, identical with the feature which

has enlisted such widespread int^-rest in our own day ?

There is evidence strongly countenancing the supposition

of identity. The latitude of Hooke-Cassini's spot was the

same as that of the great red spot, and the motions of the

two objects ai)pear to have been approximately the same.

But the ancient marking was a roundish object described'

as one-tenth of the apparent diameter of Jupiter, while

the great red spot is about one-fourth In fact, while the

old spot was about 8000 miles in diameter, the present one

when most conspicuous was 26,000 miles long and about

9000 miles wide. These differences occasion doubts, with-

out, perhaps, absolutely neirativing the theory of identity.

Possibly, with the lap.se of time, the spot has distended

its material in a longitudinal direction as a result of the

swift axial rotation of the planet.

In past years there are many breaks in recorded obser-

vations of Jupiter, and this is particularly the case between

the results of Maraldi (1713) and Sylvabelle (1773).

Thereafter W. Herschel, Schroeter, Miidler, Schwabe, and
others obtained a considerable number of observations.

But there are many missing links and not a few contra-

dictions. It is, however, hard to believe that the red spot

could have been plainly visible during the last twentj'

years of the eighteenth century, and yet have escaped the

special notice of Herschel and Schroeter.

Schwabe's drawings in 1831 appear to be the first un-

mistakably showing the hollow in the belt, which in recent

years has contained the red spot. Our knowledge of the

aspect and position of the latter enables us to follow it,

notwithstanding its extreme faintness. Seventy years ago,

when Schwabe's earlier observations were made, the ap-

pearance may have been precisely similar to that exhibited

at the present time, in which case the feeble ellipse, in-

lying the hollow, would easily have been overlooked in

Schwabe's telescope. Schwabe frequently delineated the

hollow under conspicuous outlines between 1831 and 1856,

and this feature probably owes its existence to repulsive

action exercised by the red spot. It is, however, rather

curious that, while the belts north of the spot evade and
bend abruptly away from the latter object, the southerly

belts occasionally bend towards and coalesce with it.

The red spot is a boat-shaped object (as seen from a

vertical position), and it floats in a wide current situated

from about 20° to 35° of south latitude. This current has
always given a very equable rate of velocity, and the

rotation period has been found to be 9h. 55m. 19s. Dark
and white spots, and various irregularities on the belts

marking this region, all participate in this velocity, but
the red spot shows a singular departure from the rule, for

it travels slower than the involving stream, and loses 53

seconds per day (nearly half a degree), which is equivalent

to about 370 miles. The spot is, in fact, like a great

barge slowly drifting eastwards in a wide current. It is

probable that the rate of neither the current nor the spot

coincides with the exact rotation period of the globe of

Jupiter. We have learned the period of the small planet

Mars to the tenth of a second (24h. 37m. 22-65s.), for

some of the markings displayed on the ruddy Martian
surface represent permanent lineaments, which are invari-

ably yisible, though the atmosphere of that planet is apt to

affect their appearance in some degree. But the condi-

tions are very dissimilar in regard to Jujiiter, forming, as

he does, an immense orb probably in a very heated state,

and with his real features masked by dense gaseous

vapours undergoing frequent changes.
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Tliough the red sjiot is now very feebly visible, it ujiiy

still be iutaot aiul in no dan<,'er of disappearance. The
past history of the object is suijgestive that we may expect

a rej)etition of its formerly conspicuous aspect. The
hollow in the belt is as strongly pronounced as ever. If

it tilled up ami the south half of the double S. equatorial

belt Ix'came continuous (without bend or break) in one

and the same latitude throughout its circumference, then

we should conclude that the material of the spot had

really dispersed. But nothing of tiie kind seems imminent.

The past behaviour of the features iu this region indicates

that when the red spot regains its former prominence the

hollow and the southern half of the equatorial belt will

decay and probably fade away to invisibility. Possibly

the material evolved from Jupiter's heated surface is

responsible for the ]>roductii)n of the belts and spots on

the planet ; and the intensification of the bnlt north of tlit;

red sp(.)t me:\ns that the sustaining material of the latter

is being diverted to the belt, whereupon the sjiot necessarily

becomes very feeble. It is certain that the spot and the

hollow in the belt have been perceptible either alternately

or together ever since 1S31, September, a period of nearly

71 years, and that the objects can be distinctly traced on

a number of drawings made by various observers during
that lengthy interval. And it is quite possible that these

associated features of the i)lanet were in visible evidence in

the earlier years of last century though they do not appear
to have been recognised and to have occasioned special notice.

The following is a general summary of appearances

recorded at successive periods :

—

183I-I856.—A large and well-defined hollow in the

southern side of the southern equatorial belt.

—Schwabe.
1857, November.—An elliptical object of coQsiderable

size resting upon the S. equatorial belt.—Dawes.
1859-1 8tJ0.—A large elliptic ring iu the southern hemi-

sphere and situated between the S. equatorial belt

and the S. temperate belt.—Huggins.
1860-1867.—A great depression or hollow in S. side of

the equatorial belt.—Baxendell, Huggins, Jacob,

Long, Noble and others.

1869-1871.—A large elliptic ring lying S. of the S.

equatorial belt.—Gledhill and Mayer.
1872.^A large oval cloudlike object in S. hemisphere,

between S. equatorial and S. temperate belts, aud
preceded by an oblique belt.—Birmingham,
Browning, Gledhill, Kuobel, Terby and others.

1873.—Great break in the S. side of the S. equatorial

belt.* A brick-red area filled up this break. It

was pointed at preceding end and rounded at

following end. It "extended over some 30 degrees

of longitude.—Lord Rosse and Dr. Copeland.
1876-1877.—Large pink spot often seen on S. side of

equatorial belt. Rounded at preceding end and
pointed at following end.—Russell and Bredichin.

1878-18S2.—Great elliptical spot of an intense brick

red colour, seen just south of the 8. equatorial

belt. Length 31 degrees.—Many observers.

1883-1886.—Large elliptical ring situated in a well-

marked dip or hollow on the S. side of the

equatorial belt.—Many observers.

1887-1902.—Larye faint dusky ellipse, varying slightly

in tint and tone from }'ear to year, and placed in a

hollow in the ecjuatorial belt. Darkest at following

end. Outlines not distinctly traceable except on a
night of good definition —Many observers.

*Tho same object was figui-ed by Mr. E. B. Knobel in 1873, April

20,auil May 11, when it was on east limb (Monf/ilt/ Notices, XXWU..
p. -170), but it cannot be satisfactorilv identified in 24 drawings of

Jupiter wliich he made in 1S74 (Monthly Notices, XXXIV., p. 4o3).

The motion of the objects has been by no means uniforni

during the 71 years ; in fact, there have occurred some
curious oscillations, as the following brief summary will

prove. Throughout the whole time, however, the spot and
hollow appear to have exhibited identical rates of motion

;

a conclusion which is fully justified by the obsei^vations.

In 1831-2 the rotation period was about 9h. 55m 33'5s.,

rising very slowly during the next 24 years, at the rate of

about one-tenth of a second annually, until in 1855 it was
9h. 55m. 36"ls. Then the spot exhibited greater retai-da-

tion, so that in 1859 its period had augmented to

9h. 55m. 38'3s. It then accelerated its movements, aud
the period declined quickly, until in 1862 it amounted to

9h. 55m. 35'3s. Remaining for some 17 years at about

9h. 55m. 34'5s., another retardation set in in 1879, in-

creasing the period in 1885 to 9h. 55ni. 39-6s. From that

year the motion continued to exhibit a slight decrease

until 1900, when the period was 9h. 55m. 41'9s. In 1901

a marked acceleration affected the position of the object,

and the period decreased to 91i 55m. 409s. This was
continued in 1902, and it seems probable that the motion

will undergo a further acceleration in immediately ensuing

years.

At the middle of 1894 the longitude of the spot coin-

cided with the position of the zero meridian System II.

(daily rate =9h. 65m. 40-63s.) of Mr. Marth's ephemerides.

But the retarded rate of velocity during the following sis

years caused it to drift eastwards, until its observed

longitude in 1900, September, was 44i degrees, and it

remained at this value in 1901 and first half of 1902.

Should the motion of the spot now continue to increase,

and the rotation period become less than 9h. 55m. 40'63s
,

the longitude of the spot and hollow will, at some future

date, again exactly correspond with the zero meridian of

System II., as it did in 1894.

In the chart the region of the great red spot is

delineated, as it successively appeared at various epochs in

and since 1831. It must be confessed that some of the

features, as represented, do not offer a very striking

similarity, but there seems little reason to question their

identity. It is well known that drawings by different

observers, owing to variety in method and individual con-

ception, sometimes appear strangely discordant, and that

the same details are represented under aspects which bear

very slight mutual resemblance. If we allow for this

personal equation in the matter of dra\ving, and for the

actual changes which undoubtedly occurred in the objects,

and virtually transformed them from time to time, the

apparent inconsistencies will disappear. The positions

and motion of the markings agree very well together. In

one drawing by Sir Win. Huggins, dated 1858, December

2, a large well-markeil hollow was figured a little E. of the

centre, but this would not accord with other results in

1857, 1859, and 18C0, so that doubts were thrown upon
the endeavour to satisfactorily trace back the history of

the feature, for the drawing alluded to required the

assumption that two hollows existed in the great southern

equatorial belt. But it was soon afterwards found that

by a clerical error the year 1858 had been assigned instead

of 1860, and this being rectified, the position of the

hollow was found to harmonize perfectly with other

observations. All the collated material exhibits in fact a

remarkaljle consistency, and forms a chain of evidence

which appears to be conclusive, as to the identity of the

features delineated by Schwabe and many other observers

since his time.

In 1873 the red spot is described as pointed at its pre-

ceding end, while the opposite end was rounded. In 1877

this figure seems to have undergone reversal, for the sharj)

end was then on the following side. These alterations of
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as|iO(( weri' proliablv not in the spot itself, hut were
bi-oii^'lit about l)v the contact of tbc more swiftly-moving'
bolts ou the southern bouniliiries of the object. Tlie dark
end of a short belt or condensation (of which there are
nnmy examples in this ref,'iou), when just [n-eceding or
foUowin-; the spot, might readily induce the appearance of
a tapering extremity.

The following selected observations of the hollow, in

which the faint relic of the red spot is situated, will

sufficiently prove that during the last two years the longi-

tude has not changed relatively to the zero meridian, ba.sed

on a rotation period of 9li. 55m. 'lOfiSs. The first two
transits were obtained with a 4-inch Cooke refractor, the
remainder with a 10-inch reflector, power 312, by the writer
at Bristol :

—

- Date.



Arr.DST, 1902.] KNOWLEDGE 181

Such a repulsive force we may tiud in an electrical action

of the sun, an action, the efficiency of which would depend
upon the surface of the body acted upon ; as contrasted with
that of gravitation, which depends upon its mass. Thus
whilst the nucleus is moviui^ in its orbit round the sun
under the iuHuence of gravitation, very minute ]>articles

in the envelope will find themselves practically less

strongly attracted towards the sun, or it may actually

be repelled from it ; in any case the effect is to

separate them more and more from the main body of

the comet.

Of the particles thus driven away from the head, the
lightest would be those most strongly repelled ; and Prof.

Bredikhine found that several of the great comets of the

past century were distinguished by the possession of long
straight tails which must have been composed of particles

moving under an influence some twelve or fourteen times

Fig. 3.—Prof. Bri'ilikbinc's aiialvsis of the tail of tlif Comot
on 1901, May 12.

that of gravity. These long straight tails form an
exceedingly characteristic class, and have accordingly been
ranked by Prof. Bredikhine as composing his first ty]ie.

Such tails are obviously composed of the lightest material
enteiing iuto the composition of the comet, and assuming
this to lie hydrogen, then the average tail of the second
type might well be made up of hydrocarbons ; whilst iron
and the heavier metals would, from their molecular
weight, be suitable elements to form the third type. In

the tails of the second type the effective repulsive force
does not diflfer greatly from gravity, and it is this typo
of tail, slightly, but not extravagantly curved, which is

most commonly observed in comets visible to the naked
eye. The third type is nsually sharply curved, short and
brush-like, and the repulsive force is considerably less

than that of gravity.

The great comet seen in the southern hemisphere in

Ai)ril and May, 1901, has recently been analysed by Prof.
Bredikhine, in a paper from which the three accompanying
diagrams have been reproduced, and his results afford an
interesting example of his method of treatment, and of

the use which can be made of careful naked-eye observa-
tions of the positions of a comet's tail.

On April '24th, before the perihelion passage, the comet
showed practically only a single tail, and that was of the
first or hydrogen type. After perihelion, the tails were
only of the second and third types, the matter composing
the first type tail having been apparently completely driven
away. On May 5th, the chief tail, which was distinguished

by a very well marked rift, showed this rift as of a conical

shape, the apex of which was occupied by the nucleus, and
not as usual of a eouoidal form. A drawing made by Mr.
J. Lunt at the Royal Observatory, Cape of Gooil Ho[)e, on
May 12th, was of especial interest It not only showed
the principal tail of May .5th ^vith its dark rift, but a long
broad faint tail some 25° in length, and a short tail

between the two. Prof. Brcdikhine's analysis of this

drawing is given in the accompanying diagram. The lines

13 and 14, the two branches of the principal tail, were
due to a repulsive force a little greater than unity ; the
line 15 is due to a force of about 0'65

; the broad faint

tail, Prof. Bredikhine ascribes to substances of the third

type, and finds that when the particles which make it up
are traced back to the nucleus they indicate that a great
explosion took place on April 22nd ; a vast cjuantity of

matter of a wide range of density being driven oft' in a
single short-lived convulsion. The p)oints in the diagram,
a, j8, y and S, correspond respectively to values of the
repulsive force of 0-85, 065, 025 and 0'15.

ILftttrs.

[The Editors do not hold themselves responsible for the opinions
or statements of correspondents.]

MARKINGS ON JUPITER.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—Last year there was a large dusky mass situated

between the south side of the equatorial belt and the

south temperate belt of Jupiter, aod joining the two. In

1901, June 18th, the longitude of the marking alluded to

was 258^, while on November 17th of the same year it was
176°. During five months it gained, therefore, 82°, its

rotation period being 9h. 56m. 185s., while that of System
II. of Mr. Ci'ommeliu's ephemerides was 9h. 55m. 40 63s.

This dusky mass, placed in the usually bright tropical zone
I'f Jupiter, is still conspicuously visible, and has greatly

distended itself since last year in a longitudinal direction.

On July 2ud I observed it with a 10-inch reflector, power
312, and found its p. side on the central meridian at

I3h. 51m., while its/, side came to the CM. at l(ih. ItJm.,

or 2h. 25m. afterwards, so that the formation extended

over 87°0 of longitude. At the ])resent time it lies both

E. and W. of Ihe old red spot and hollow in the south

lielt. which is in longitude 43^.

Though the dusky mass is now passing the red spot,

the latter is no darker than usual, and it seems highlv
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jirobable that tli»> sonilm- niatorial of tlic t'unniT as it

overtaki's the red s|M«t is ilriftccl !il)ni]itl_v southwards,
Mowing' alon^' its soiitliern honlurs and then on reafhini;

the /'. side of the latter it turns sliarply to north and thus
occu])ies the same latitude both east and west of the n' I

spot. The/. end of the .south trojiical (or temperate) nia^s

Red Spot and it« Surroundings.

will come up to the /. I'ud of the red spot at the be^in-

nin;„' of September, and it will be important to ascertain

whether the extremity of the former flows southward.

Telescojiic observers should keep a diligent watch during

ensuing months on the developments in this exceedingly

interesting region of Jupiter.

Between 1900, September, and 1902, June, the mean
motion of the red spot conformed precisely with the

period of 9h. 55m. 40-6s. on which System II. of the

ephemerides is based, for its longitude remained con-

sistently at 44fi°. Lately, however, the spot has indicated

a slight acceleration in velocity, for its longitude appears

to have decreased 2° or 3°, and it is likely that it will show
a further decrease in succeeding months, for the past

history of the spot sufficiently proves that it is liable to

some marked fluctuations in its rate of motion.

Bishopston, Bristol, W. F. Denning.
1902, July 4th.

A MODERN TYCHO.
TO THE EDITORS OF KNOWLEDGE.

Sirs,—My attention has been called to an article by

Mr. E. Walter Maunder in your issue of May, 19u2,

entitled "A Modern Tycho," in which the following

sentence occurs :
—" Jey Singh does not seem to have

effected any reformation of the Indian calendar, and his

observatories, despite their great size, cannot have been

of much value for really scientific work."

I would ask your correspondent if he has ever seen an
account of the " Zeech Mahommed Shahi," or Jey Singh's

astronomical tables, published by him, after years of

observation at his observatories, about 1728. In the

preface to these tables Jey Singh states that the old

Siddhantas give incorrect results, that at Mahommed
Shah's request he had erected several observatories, and
that after many years' labour he had succeeded in jjroduc-

ing these tables according to the preaiction of which the

celestial phenomena take place exactly. He also adds

that hearing astronomical observations were being made
in Europe, he had sent thither to make enquiries, and that

as a result he had obtained the tables of de la Hire, which

on examination proved very inaccurate. There is an
account of the " Zeech Mahommed Shahi," by Dr. W.
Hunter, in " Asiatic Researches," Vol. V., but, as far as I

know, these tables have never been thoroughly examined
by an expert with a view to test their accuracy. I was

informed the other day by a native astronomer, fairly well

acquainted with the modern methods of practical astro-

nomy, that these tables generally give results not often

more than two to four minutes in error. If this is so, Jey
Singh's work must have been of a high order, and of con-

siderable scientific value. I hope to obtain a complete

translation of these tables shortly, and have them properly

investigated by acomjieteut expert.

But, putting aside the question of the accuracy of these

tables, there is no doubt that some of Jey Singh's astro-

nomical measurements are as ))reci8e as have ever been
attained by naked-<'ye work. The ini'lination of the fa<-e

of the gnomon of the big instrument at Jeypore is within

a minute of arc of its correct value. Jey Singh's deter-

mination of the latitude of Jeypore and tijjain are

certainly within half a minute of the truth, and |)0S8ibly

even closer, while the value he deduced for t]u- obliquity

of the ecliptic is of an equally high order of accuracy.

The value he gives for the average annual procession is, if

my memory serves rae right, within a second of the modern
determination.

During last summer I was engaged in restoring the

observatory at Jeypore, and had ample opportunities for

testing and investigating the instruments. Their accuracy
was shown by the excellent agreement in the results

obtain^'il by observing altitudes, azimuths and declinations

with different instruments. Jey Singh was a good mathe-
matician, and wrote many works on astronomy and trigo-

nometry. Under these circumstances it seems probable
that the " Zeech Mahommed Shahi " are a very great

improvement on the old Siddhantas, though possibly not

possessing the accuracy wliich Jey Singh claimed for them.

Mr. Maunder writes rather disparagingly of Jey t<ingh,

who, as I have shown above, certainly obtained very good
results, and did the best he could for the advancement of

astronomy with the limited means at his disposal. It

should be remembered too that Jey Singh lived in very

troubled times, and that the very existence of his State was
constantly being threatened both by enemies from without

and intrigues from within. Indeed, considering the state

of affairs at the time, it is wonderful that Jey Singh ever

found leisure for the erection of his observatories, and the

writing of his books. ^_ j,p_ Garrett, Lt. R.E.
India, June, 1902.

[I had no wish to disparage Jey Singh, who, as Mr.
Garrett most truly says, lived in very troubled times in

the which it was wonderful that he found the opportunity

for accomplishing so much scientific work. But I think

that Mr. Garrett has missed the point wliich I was really

anxious to make. I have only had the opportunity of

myself examining one of Jey Singh's observatories—that

of Delhi—but I was much impressed with its limitations

for really good observational work. The gnomon, after all,

despite its great size, would have given no better deter-

minations of time than a comparatively small sun-dial,

while the circular buildings only permitted the observation

of altitudes and azimuths of objects when low down, and
I saw no indication that any great care was taken about

the precise position of the observer's eye.

And the accuracy with which the various buildings are

placed—as, for exampile, the inclination given to the face of

the gnomon— so far from bearing witness to any improve-

ment effected by the observatories, is proof just the other

way. For Jey Singh must have determined the latitude

of the jilace with this precision before ever he started to

build ; he could not have altered his gnomon afterwards.

For this purpose he probably used quite a simple apparatus

of poles fitted with sights ; and it was the superior efii-

ciency and range of usefulness of just such simple means
that I had chiefly in view in my paper. Jey Singh's

observatories are most certainly interesting, but they are

scarcely practical.

I am glad to note that Mr. Garrett hopes to obtain a

complete translation of Jey Singh's tables ere long ; but

I venture to think that it would be of even greater interest

to astronomers if he would himself undertake a series of

observation of stars and planets with the .Jeypore instru-

ments as they stand.—E. Walter Maunder.]
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BoTAxrcAL.— l\irthenoE;eiiesis has been discovered by
Mr. J. B. Overton in Thalli-trtim piirpiirascens, and is the

subject of a jniper in the May numlter of the Botanical

Gazette. Another species {T. Fendhri) was suspected to

eshibit this phenomenon. In 1896, Mr. D. F. Day wrote
that he had grown pistillate plants of this soeeies, and
although no staminate plants of any species of Thalictnim
were in the neighbourhood, an abundance of g'lod seeds

were produced. As it seemed doubtful whether this was
a case of parthenogenesis or of vegetative apogamv, Mr.
Overton undertook a careful study of the development of

the embryo of T. pttrpurascens, in which fertilization could
not possibly have taken place. He determined that

in tbis plant fertilization is not necessary to embryo-
development or to endosperm-development, that embryos
were produced parthenogenetically under ail conditions,

and that the development of the embryo in partheno-
genetic material is the same as in normal material.

Among the plants which are adapted by their peculiar

habit of growth to serve the office of sand-binders and
beach-builders, as illustrated by the British Fsamma
areiiaria, is the extremely interesting Jfaiadaceous genus
PhyUiiitpadiz or Eelgrass. This, as Sir. R. E. Gibbs states

in his paper on the plant in the American Naturalist for

Februarj', grows in extensive beds in shallow water along
the rocky shores of Bodega Bay, California. Its fruit is

furnished with two arms, and after it has detached itself

from the parent plant, these arms ultimately become
barbed in consequence of the wearing away of the softer

tissues through friction with rocks and stones, which
exposes a series of elongated lignified cells. These cells

stand out as strong barbs, enabling the fruit to anchor on
branches of sea-weeds. It is commonly found on Amphiroa,
the segmented stems of which provide a firm resting place.

The seed then germinates, and gives rise to a thick mattress
of rhizomes, covering boulders and binding stones, sand and
other material firmly together, thus forming a " more
coherent and stable foundation of the beach."—S. A. S.

ZooLuGic.vL.— In a paper published in the June issue

of the Proceedings of the Zoological Society of London,
Dr. Ludwig von Loreiz describes and figures a mounted
specimen of a quagga preserved in the Imperial Museum
at Vienna. As this example differs somewhat in its markings
from other sj)ecimens, the author suggests that there may
have been two or more local races of this now extinct species.

The fossil voles of the Norwich Crag and the Pliocene
deposits of the Val d'Arno form the subject of a com-
munication by Dr. Forsyth Major to the journal just

quoted. The forms characterized by having rooted cheek-

teeth the author proposes to designate by the new generic

term Mimoinys, na.ming one of them M. newtoni, in honour
of Mr. E. T. Newton, the well-known describer of Crag
vertebrates.

In concluding an account of his investigationB on the

phylogeny of the dentition of the hedgehogs and their

allies, published in t\\e Zoologica, Dr. W. Lecbe, of Stock-
holm, expresses the opinion that the European Oligocene
genus j\^ecroyi/m;( ?«(•!« is the oldest representative of the

family known to us. From this have sprung two branches.

one including the extinct Giilerix and Lanthanotherium
and the modern Bornean Gymnura. and the other the
true hedgehogs (Etnnaceus) and the Malay Hylomys.

Dr. Gadow, of Cambridge, in a paper on the origin of

mammals contributed to the Zeitschrift fiir Morphnlogie,

sums up as follows :
—" Mammals are descendants of

reptiles as surely as they have been evolved from Amphibia.
This does not mean that any of the living groups of

reptiles can claim this honour of ancestry, but it means
that the mammals have branched where the principal

reptilian groups meet, and that is a long way back. The
Theromorpha, especially small Theriodontia, alone show us

what these creatures were like." It may be explained

that the Theromorpha, or Anomodontia, are those extinct

reptiles so common in the early secondary deposits of

South Africa, some of which present a remarkable resem-

blance in their dentition and skeleton to mammals, while

others come equally near amphibians.

As the result of his explorations in North-Eastern and
E.astern Africa, Mr. Oscar Neumann has been able to

determine a number of new species, including a guereza

and several other monkeys, a jackal which he names Canis

haffensis, a harnessed antelope called, in honour of the

Emperor of Abyssinia, Trayelaphus meneliki, together \\\th

several other members of the same group, and two
" dassies," or hyraces (Procavia). The descriptions are

published in Nos. 3, 4, and 9 of the Sitzumjs-Berichte of

the Berlin Naturalists' Society for the present year.

Mr. O. Thomas, of the British Museum, in the June
number of the Annals of Natural History is able to

announce that at least three local forms of that remark-
able animal the African hunting-dog (Lycaon piictus) can
now be recognised, namely the typical Mozambique race,

the Cape race, and the Eastern race. As showing the

absolute necessity of having large series of specimens of

animals in our museums, the following remarks of the

author are worth quotation :
'' Owing to their peculiar

irregular coloration," he writes, " specimens of Lycaon are

particularly difficult to compare effectively with one
another, and still more to describe in an effectual m.anner.

As is veW known, uo two individuals, even if from the same
pack, are precisely identical, and it is only by the general

average coloration that one is able to distinguish the local

races at all."

Bntisi) ^rntttjologtcal Notes.
Conducted by W. P. Ptcraft, a.l.s., f.z.s., m.b.o.u.

Wild Birds' Protection Acts.—The Field, June 2Ist,

contains some interesting comments on the numerous
amendments to these most salutary Acts, amendments
which, it must be admitted, though framed with the best

intentions, have not always been wise, and have not in-

frequently failed to effect the object aimed at. The latest

amendment is contained in a Bill introduced by Lord
Jersey, and passed through the third reading in the House
of Lords during the second week in June. According to

this Bill, any person convicted of an offence against the

Wild Birds' Protection Acts, 1880-93, may be condemned
by the Court, in addition to the penalty imposed, to forfeit

any wild bird, or wild birds' eggs, in respect to which the

penalty was imposed. The forfeited property is to be

disposed of as the Court may think fit. The need of such

an Act has long been felt. Hitherto, in the case of rare

birds or their eggs, the fine imposed acted by no means
as a deterrent, forming, as it did, but a small fraction of

the value of the specimens now to be confiscated.

Acquired Habits in Wild Birds.—Mr. W. B.

Tegetmeier, in the Field of June 28tb, makes a few
observations on certain "'acquired habits" in the Sparrow,
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Kook, Titinii-e, Thrushes aud Starlitips. Sonic of Mr.
TegctuK'it'r's remarks caustHl us some surprise and not a
little sorrow, but perhaps we have taken them too

seriously. We fc^el certain that his remarks concerning;

the value of liirds as insect destroyers are not 8up])ortcd
liy fact, and are calculated to do some harm—perhaps
much harm.
Abrupt Variation in Indian BrRos.—Mr. Frank

Finn, ui the JunriMf of the AKintic Suciety of Bfnijal,

Vol. LXXI., part II., 11H)2, contributes some interesting

observations on albinistic variations. The most noteworthy
of these are furnished by the Ruil {Pavoncella pwjnax).
In a considerable number oi specimens, mostly males, Mr.
Finn finds the winter ])lumage characterized by a white
head, aud wliile uiottliui,'s in the body plumage. Since
this variation occurs only in old birds, Mr. Finn is inclined

to regard it as a species of senile albinism. Some strong
and vigorous birds, however, also apjjcar in this wliite-

mottled and white-headed guise, and in consequence the
author seems to change his view of the significance of the

variation, and to hold that it is a well-marked and
definable form, liable to recur again and again. Such
recurrent aberrations, he thinks, it is desirable to

distinguish by a sub-specific name, proposing therefor

Pavoncella pugnax lecoprora. Important, and in every way
worthy of record such variations certainly are, but we
venture to doubt whether the bestowal of specific names
on such forms is justified.

White-fronted Goose Nesting in Captivity. -Mr. F. W. Frohawk,
in a letter to the Field, July Sth, reoords perhaps the only authen-
ticated instance of this bird breeding in confinement. The pair of
birds wliich hare achieved this fame belonged to Mr. J. S. Green, of
Blackheath. Five eggs were laid, but of these only one has hatched
out. It is to be hoped that the gosling will reach maturity.
Rheas Breeding in Captiriti/.—Major FothergUl, in the Avicttltural

Magazine for May, records some extremely interesting facts about
the nesting liabits of the Rheas in his possession. We are much
tempted to quote therefrom, but space forbids.

Noteioorthy additions at the Zoological GarJens.—We draw the
attention of our readers to the fact that three specimens of Darwin's
Khci,six ruddy Flamingoes, and a Great Bii'd of Panulise fParadisea
npodaj have recently been added to the Society's collection. All are
m good health, and well worth a visit.

All contributions to the column, either in the way of notes

or pholograjihs, should he forwarded to W. P. Pyckaft, at the

Natural History Museum, Cromwell Road, London, S, W.

#0tiCC8 of Boofeg.
"Experimental Chemistry." By Dr. L. C. Newell.

Pp. XV. and 410. (London: D. C. Heath.) Illustrated. 5s.

Text-books of chemistry are so numerous that a new one is apt
to be regarded with the same mixed feelings which the father
of a large family receives the news of the advent of another
little stranger. But to pursue the analogy, though there is

a strong family likeness between the various volumes, each
Eossesses some peculiar characteristics, which may or may not
e desirable. The most original feature of Dr. Newell's book

is due to the combination of the inductive and deductive
methods of teaching. The book contains an enlightened course
of practical work as well as a descriptive account of chemical
principles and philosophy. It is thus a laboratory manual and
a text-book combined

; and we know of few books in which
the combination is more successfully performed. Usually the
experiments described in class-room books are suitable only for
the purpose of lecture demonstration, but in the present volume
they are of the simple character required for individual work
in the laboratory. There are, in addition, practical exercLses

bearing ui)on the laboratory work, problems on the calculation

of results from given data, and subjects for short descriptive

essays. The student who follows such a course of manual and
mental work as Dr. Newell provides will derive permanent
benefit from it, and the teacher who uses the book will find his

work inspired as well as facilitated. The only objection to the
wide adoption of the book in this country is the American
orthography in such words as ''meter," "liter," "color," &c.

"Mammalia" (Cambridge Natural History, Vol. X.l By
F. E. Beddard. (London : Macmillan i^ Co., Ltd.) Pp. xii.

and CiO.'). Tllustnited. ITs. - In this volume Mr. Beddard has
undoubtedly made an important contribution to the history of
mammals, hi.s text-liook Ijeing the only one which can be said to

be up to date and to contain notices of the many important
types— both recent and fossil—discovered during the last few
years. Since the author is an anatomist rather than a systema-
tist, it would be natural to expect that his work should deal
with the subject more from the morphological than from the
taxonomic aspect, and a glance at the volume will show that
this is really the case. Of special imjiortance and interest is

the large amount of space devoted to the characters and struc-

ture of the brain in the different groups, since this is a subject
the author has made specially his own, while it is also one to

which but scant attention is generally paid in works of this

nature. Another feature worthy of the liighest praise is the
importance accorded to extinct types, es])ecially since Mr.
Beddard is not himself a patoontologist. His morphological
studies of the group have, however, evidently led him t<j conclude
that it is quite impossible to arrive at any true conception of
the relations of the existing forms without taking into con-
sideration their extinct forerunners. In this part of his sutjject

the author is fortunate in having received much valuable assist-

ance from such a competent authority as Prof. H. F. Osborn, of
New York. We have said that Mr. Beddard is not primarily a
systematist, nevertheless he is thoroughly up to date, if not
indeed in advance of some of his contemporaries, in dividing
mammals into two (instead of three) primary groups, namely,
into those which lay eggs and those which give birth to living

young. In this he is undoubtedly right. Naturally, a large

(perhaps disi>roportioiiately large) amount of space is allotted

to the Cetacea, which have for some years attracted much of
the author's attention. In the systematic treatment of some of
the other orders, notably the Ungulata, there are, unfortunately,

a con.siderable number of errors and misstatements, which it may
be hoped will be remedied in a second edition. In most
respects, the work is well worthy of the author, and of the series

of which it forms a part.

" Other Worlds : Their N.^ture, Possibilities, and
Habitability in the Light of the Latest Discoveries.''

By Garrett P. Serviss. (London : Hirschfeld Bros., Limited,

13, Furnival Street, Holborn, E.C. l'J02.)—" The point of view
of this book is human interest in the other worlds around us."'

The subject has been often treated, frequently from the stand-

point of fiction, less often from that of fact, and Mr. Serviss

confines his imagination strictly to the possibilities permitted by
facts when discussing the interesting probabilities and theories

that have commanded wide popular attention. And we would
like to make mention here of the charm and lucidity of Mr.
Serviss's style ; so simple and clear is the expression of bis idea,

that we almost lose sight of the depth and science of matters he
treats of. On the road from one of our sister planets to another,

with his guide book in hand, the wayfaring man though a fool

may not err therein. His premisses for habitability may be

very briefly described as follows : When the earth cooled and
solidified out of the primeval nebula, there lay between the

huge inert globe of permanently combined elements below and
the equally unchanging realm of ether above, a thin shell (the

surface of the crust of the earth, the lower and denser strata of

the atmosphere, and the film of water that constitutes the oceans)

whereon took place ceaseless combinations and re-combinations

of chemical elements in unstable and temporary union, and in this

shell life appeared, and only in this shell do we know of life's

existence. Air and water furnish the means for the continual

transformations by which the bodies of plants aud animals are

built up and afterwards disintegrated, aud we are compelled to

regard such a shell as we have on the earth, and containing air

and water, or their analogues, as pre-requisites to the existence

on any planet of organic life ; and Mr. Serviss also includes the

active stimulus of sunshine. Judging by this standard, the only

habitable globes beside the earth are Venus and Mars ; Mercury
is in the last degree doubtfid as a fit place for habitation ; the

moon is certainly past use ; and the asteroids were never

habitable ; and Jupiter, Saturn, Uranus, and Neptune are not

yet out of the builder's hands, so to S|ieak. Of the satellites of

these four outer planets we do not know enough to say oneway
or the other. The sun is not discussed ; its temperature has
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risen above the destructive point, beyond which our experience

te;iches us that no organic life can exist. But "habitable" is

not synonymous with "inhabited,'' and Mr. Serviss wisely leaves

on one side the tjuesiion of the nature and form of the inhabitants

of other worlds, if such exist. In only one little whimsical

sketch, called " A Waif of S]>ace, ' does ho give free rein to his

imagination and describe a giant denizen of the minor planet

Menip])e. It is perhaps not quite fair to object to the description

as " not necessarily being true to life '' of an individu;U that he

has expressly told us can have no veritable existence, but we
think that he is generalising rashly when he describes the afore-

said individual as being thrce-<|uarters of a mile high. .S.S we
have said before, we can only know and study the laws of life

on this earth, an oblate spheroid whose eiiuatorial diameter is

about 71t:it) miles, and whose polar is 7899. Now it would never

enter our heads to attempt to deduce the latitude of a man's
home from his height ; we are very far indeed from finding

that the sons of Anak congregate round the pole ; nay, we
cannot find that anywhere is the scale of men inllueaced by the

locality. In equatorial Africa two races live side by side, and
the average height of one is almost double the average height of

the other, that is to say, the bulk of the giant man is some eight

times the bulk of the pigmy. Had we half-a-dozen worlds to

study, and the means of making a comparison of the scales on
which all their elephants, and all their men, and all their ants

are built, we might find some law connecting them with the

diameter of their world, but as it is, with but one poor earth to

reason from, there is not enough evidence to go before a jury.

Having described the probable physical conditions of the planets,

Mr. Serviss concludes his book by a very useful chapter on
" Uow to find the Planets, " which is illustrated by charts

showing naked-eye stars near which the planets may pass in

their course round the ecliptic.

"ClKCUl.AR No. '.) OF THE ASTKOGRAPHIC CONFERENCE.''—

A

considerable amount of literature is gathering round the work
of the Astrographic Chart and Catalogue ; the present Memoir
is chietly from the pen of M. Loewy and is for the purpose of

establishing the true correlation that exists between the

relative positions of the stellar images on the plates, and of the

corresponding stars in the sky. In the course of the investiga-

tion the following points have become evident :—In every plate,

whatever its diversity of exposure, the two feeblest magnitudes
of stars photographed only correspond imperfectly, both in

brightness and position, with the corresponding celestial objects.

The error of position is more notable than that which results

from the operation of measuring, and is due to the imperfect

sensibility of the gelatine to the feeblest beams of light. Star

trails do not give rise to any special error, but the source of

uncertainty mentioned above holds good for the faintest trails

just as for the faintest star discs. When the images of a

multiple exposure lie along a co-ordinate, the errors affecting

the other co-ordinate are much more notable than for that

passing through the line of images. The accuracy of the

measures of the second co-ordinate is not increased by utilising

more images. From the point of view of precision the weight
to be attached to measures along the first co-ordinate is double
that of the second. To render the precision of the measures
homogeneous in the two co-ordinates, the line joining the stellar

discs of a multiple exposure should bisect the angle between
the co-ordinates. M. Loewy is also of opinion that the

elongation of the images towards the borders of the plate does
not affect the accuracy of their measurement, at least in stars

above the limit of sensibility on the plate. In the preface,

M. Loewy refutes the argument of Mr. Plummer and Mr. Hinks
that systematic errors will be eliminated if the plates are

measured in two positions differing by an angle of 180°. A
notable systematic error is evident if the measures be compared

which are taken in positions of the plate at —^— and —^^—

as he shows in the third Memoir of the present Circular.

" OCCULTATIOXS OF StAES AND SOLAR EcLlPSES." By F. C.

Penrose. Second Edition. (London : Macmillan & Co., Ltd.
190:;).—The first edition of Mr. Penrose's most valuable work
appeared in 1869, and in the present issue the work has been
much condensed and simplified as well as partially extended,
especially in the case of total solar eclipses. 'Thus the conditions
of totality for the total solar eclijise of January 2'i, 1898, as

.seen at Sahdol, in India, is one of the new diagrams.

BOOKS RECEIVED.
Dictionarii of Photographu. By K. .1. Wall, r.K.P s. (HazcU,

Waison & Viney.) Illustrated. 7s. 6d not.

Gentle Art of Boole Lending. By George Somes Layard.

(Malvern Federated Library.)

First Slai/c Mathe.iiatics (Organiso<l Science Series). Edited by
William Briggs. (University Tutorial I'ress.) 2s.

Tear Book of I'hotoiiraphi/ and Amalcurs' Guide, 1902. {Photo-

graphic News Office. ) Is net.

Plant Phtisiologi/. By William F. Ganong, I'H.d. (Boll.)

Illustrated. 5s. net.

Injurious and Useful Insects. By L. C. Miall, P.K.s. (Bell.)

Illustrated. 3s. 6d.

MetaHographq. By Arthur II. Hiorns. (Macmillan.) Illustrated. Gs.

Studies in Belerogenesis. Second Part. By H. Charlton Bastian,

M.A., M.i)., P.H s. (Williams & Norgjite.) IlUistrated. 78. 6d.

Wathins' Manual of Hrposure and Decelopmenl. By Alfred

Watkins. (Uoughton.) Is. net.

Bulletins of the Unieersiiy of Kansas. Vol. IX., Nos. 1, 2, 3, -i,

and Vol. X., Nos. 1, 2, 3. (Kansas University.)

Chaldean Astrolor/i/ Up to Date. By George Wdde. (Marsh-

Stile-..) 73. 6d.

Miiiini/ in Rhodesia. (British South Africa Company.)
Meteorological Obtervalionsfor 1901. (Bousdon Observatory.)

Zoological Gardens, Ohizeh, near Cairo : Report for (he Tear

1901. Bv Stanlev S. Flower. (Cairo : National Printing Department.)

Proce.ss Phot^iiram. .Tulv, 1902. 6d.

Mew Phiitulog'ist. Vol. L, No. 6. Is. (M.

Preparation of the Earth for Man's Abode By J. Logan Lobley,

F.G. s., F. R.G.s. (Victoria Institute Transactions.)

Scientific Soil. By Alexander Ramsay. (R. L Sharland.) Is.

Memorias i/ Revista de la Sociedad Cienfifica " Antonio Alzate."

XIII., Nos. 3 and -1; XVI., Nos. 2 and 3.

Catalogue of Max Kohl, Chemnitz. (Isenthal & Co., sole agents for

the United Kingdom and its colonies.)

Abridged Catalogue, 1902. (Ross, Limited, 111, New Bond Street.)

Catalogue of Photographic Apparatus. (Sanders & Crowhurst,

71, Shaftesbury Avenue.)
Catalogue No. 2. " Philosophical Apparatus." (Newton & Co.)

THE NOBODIES-A SEA-FARING FAMILY.

By the Rev. T. R. R. Stebbing, m.a., f.r.s., v.im,.s , f.z.s.

CHAPTER IV.

If the Pycuogonida have, comparatively speaking, no

bodies and with an inconsiderate world no flaunting

reputation, they are by this time fully freed from the

hardship of having no names. With these they have

been abundantly blessed, though, when the names are

attended by definitions that leave them altogether indefinite,

the blessing is very much in disguise. More than forty

genera have been nominally established, but some of

them so obscurely that now and then a desperate author

pounds up eight or nine into one. Then again the

counsels of despair have to be modified, and some of the

rejected names resume their place in the system.

There is, as naturalists are aware, a continual strife

being waged over classification. The philoso]>her is here

at one with the many. He desires and demands the

natural, the best, the permanent. The working zoologist

supplies only the imperfect and the transitory, based on a

disgraceful neglect of all those features and conditions

which at the time he happens to know nothing about.

His patient toil, his gradual acquisition of knowledge and

insight, bring him into more discredit. For he changes

his system to embrace the new facts, and with his old

perversity does not include in it the unknown and the un-

suspected. The history of the Pycuogonida is instructive

as showing that "all the talents," though they may
include industry, perspicacity, imagination, genius, are

incapable of producing a perfect classification until the

globe has been ransacked for materials and until the

materials themselves have been ransacked for informing

guidance.

It has been already noted that the Pycuogonida are
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oxclusively marine. An exception mif,'ht be suspected in

PiiUeiiopsin IhimineiiKis (Kriiyer), which owes it.s specific

tiaine to the word Kio, a river, liut Kn'iyer, who gave the
name, explicitly states that the species was taken in the
sea, iu the nautical roadstead of Rio Jaueiro. Future
researches may find isolated members of the group living

in fresh water or on dry land, but in the meantime the
waters of the ocean, with their depths and shaDows,
straits and inlets, and the s])ace between tide-marks along
the curves and indentures of an almost immeasurable
coast-line, offer a hunting-ground not likely to be soon
exhausted. In ])articular localities of this vast field some
spirics are said to be common or very abundant. Some
s|ii(ics are widely distributed. Speaking of them as a group
Dr. Dohrn says that "they belong to the most frequent
auimal forms included iu the shore-fauna of all seas : you
can scarcely examine a handful of sea-weeds, a few
fragments of submarine gravel, or materials from the
hauling of a dredge, without lighting upon one or more
species of these little creatures." Still, as a rule, they
seem to be a feeble and saittered folk, and yet, though
their numbers are relatively few, they easily fall into the

hands of the collector. An explanation of this may be

suggested. In spite of their long legs they have no speed
of motion, nor do they, like many children of the sea,

practise varied tricks of evasiveness. Interference will

induce them to crumple up their many-jointed limbs, but
will not provoke them to show fight, for which they are

jworly endowed. One may infer from all this that their

enemies are not numerous or pertinacious. Man has been
neglectful. Other devourers may have found by expe-
rience that there was no satisfactory nutriment in their

long branching tubes of chitinous, or as Eights calls it

" pergamineous " integument. They won't fatten. Never-
theless, like other animals, they have obeyed some
stimulus impelling them to vary. Assuming that all are

traceable to a common ancestor, we may ask which of the

existing species are nearest to the original form, or which
are the most remote from it. As so often happens in

genealogies, there is a deplorable want of trustworthy
documents. Fossils at present give no assistance. The
larval stages cannot be expected to speak with other than
a lisping voice. Existing species must be compared and
cross-examined, and even then the antiquity of common
characters is rendered uncertain by the chance that some
may have heen independently developed more than once.

or have come again into evidence after a period of

disappearance.

If we are searching not for the most but for the least

characteristic genus, some avithors not unreasonably
direct our attention to Pycnogonum. It was a singular

fate which brought this first into scientific notice, gave to

this first a technically valid name and thus made it the
premier genus of the grou]>. For instead of being a
good representative, it appears to have gathered about it

as many exceptional attributes as it could. Most of the
Pycuogonida have very slender bodies and very long legs.

Pycnnr/oiiHiii. delights to have the body stout and the legs

rather stumpy. All the other genera find sjsace within

the body for a heart. Pycnogonum, in which the body is

more than usually roomy, goes without one. Commonly
the eggs when laid are divided between the two ovigerous

legs of the male ; in Pycnugonum both these legs are used
for carrying a single egg- clump. The normal complement
of limbs in the Pycuogonida, as we have seen, is seven pairs;

I'ycnogomtm belongs to the anomalous section which
exhibits only five pairs in the male and no more than four

in the female. It has been heretofore explained how this

genus flies in the face of custom by having no genital

openings in the second joint of any but the last pair of

legs, and there it has them sometimes contrary to usage in

the upper instead of the lower surface of the joint. It

goes further, and conspires with one other genus, Dohm's
Bnrana, to flout the speciality of its tribe h>y developing

ova not only along the legs but also in the body.

^^^

Pycnogonum httorale (Strom)?. From Sars.

It might be argued that the characters displayed in

Pycnogonum are primitive, and that the contrasted genera
have in these respects departed from the earlier type. It

is almost certain, for instance, that, before the expedient

of developing ova in the legs came into play, the normal
method of developing them in the body will have been
followed by many an ancestress of the tribe. On the

other hand that normal method may have fallen into

disuse and after a long interval been revived. That the

genital ojjenings were originally a single pair is at least

conceivable, but again it would not follow that the single-

ness in Pycnogonum must be regarded as original. To
believe that females without the first three pairs of

appendages are of an earlier type than those which have
them would require a very robust faith. It would imply that

the ovigerous function of the third pair in the males was
primitive, whereas it is much more likely that this function

was transferred from the females, and that the egg-

bearing sex suffered loss of the egg-carrying Umbs owing
to disuse. Still more decisively is the view that

Pycnogonum has had losses rather than that the other

genera have had gains, supported by the facts connected

with the first pair of appendages. These are wanting in

adults of both sexes not only of Pycnogonum but of

various other genera, and in many are found to be small

and rudimentary. But, as explained in the preceding

chapter, the larval forms all have these appendages, and,

more than that, they all have them chelate. It would be

difficult, therefore, to resist the inference that this pair

at least is an original part of the organism. The cir-

cumstance that in some instances it dwindles and loses its

chelate character in the adult, without disappearing

altogether, gave rise to a very natural mistake. A genus
Ammothea was founded by Leach on the young, and
subsequently a genus Achelia by Hodge on the full-grown

specimens of congeneric s|iecies, and these two genera,

which are really one and the same genus, were even

recently and by an approved author placed iu separate

families. It is no reproach to the systematist that he

should fall into such errors while feeling his way towards

a natural classification. The hand of man is a structure

to which the human race is so incalculably indebted for
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its elevation above all other animals that, if a tribe were
discovered in whith each arm ended in a solid stump
instead of fingers, there would no doubt be little

temptation to consider it human. Yet, if it proved that

the infants had thumbs and fingers like our own, it might
be equally difficult to classify the offspring apai-t from
ourselves or the parents apart from their offspring. I'.ut

the young Ammothea is just in this position. To begin

Ammothta magnirottris, Dohrn. <5. Only basal joints shoivn of

hinder legs. From Dohrn.

with it possesses the grasping chelae stretched in front of

its mouth. Then, with advancing life it sacrifices this

advantage, first allowing the claws to occupy a seemingly
quite ineffective situation to the rear of the mouth, and

Ammothea magnirostris, Dobrn. ilinute larva greatly

magnified. From Dohm.

finally relinquishing their chelate character which in such

a situation had ceased to be of value.

So fundamental is the importance of the chelate first

appendages in the opinion of Professor G. O. Sars, that

upon them he bases the primary division of the whole

group into three orders or sections. Leach in earlier days

on the same principle bisected it into the Gnathonia and
Agnathonia. Fuller knowledge now requires a tripartite

arrangement. Thus the Achelata are entirely without
" chelifori " except in the larval condition. The
Euchelata retain them throughout life. The Cryptochelata

have them in the larval and young stages of their exis-

tence, but as adults lose them altogether or keep them
only in a rudimentary state. To the first section Sars
assigns two families, and three to each of the others. The
Achelata comjirisethe Pycnogonidas and the Chilophoxidse,
each with a single genus, and both agreeing in the absence
not only of the first appendages but also of the second,

the female sex wanting the third lilcewise. They differ

because Pycnogoimm, the representative of the first family,

stands almost alone in the restricted number of the
genital openings. Chilophoxiis, for which the second
family is instituted, has these apertures in all the
ambiilatory legs of the female and in the last three

pairs of the male.* Moreover, while Pycnogonum has a
certain portliness, which gives its typical species a claim

to be somebody among nobodies just as the one-eyed man
is a king among the blind, Chiloj^hoxus on the contrary

has nothing to show but attenuated personalities. The
typical species of this latter genus is among the earlier

known forms, having been described by Montagu in a

paper which was read at the Linnean Society in 1805 and
published in 1808. Montagu was under the impression,

shared as we know by many distinguished naturalists long
after him, that the ovigerous legs belonged to the female.

He correctly describes the position of the four eyes on their

conical tubercle, but adds that they " appear under a

microscope strongly reticulated." This would seem to

have been an ocular delusion on his part, for although the

modern method of section-cutting has revealed a reticular

tissue within the eye, such an observation would have been
unattainable by any implements at Colonel Mont;igu's

disposal. He also remarks that " on the back between
the hinder pair of legs is an erect cylindric tubercle,

which in some point of view might be mistaken for a tail."

Tail is an indefinite word or one might wonder where the

mistake comes in, for, if the part of the body which
follows the ambulatoi-y limbs may indifferently be spoken
of as the abdomen or tail in crustaceans, insects, and
scorpions, those expressions will be equally appropriate

for the cylindric tubercle of which Montagu is speaking.

Not without some fear of evoking those electric flashes

that are ever ready to smite the rash disturbers of long

accepted terminology, I must here invite the special

attention of naturalists to the new names Chilophoxus

and Chilophoxidae, and to the cancelling of the names
Pallenidae and Pseudopallene in favour respectively of

PhoxichilidcB and Phoxichilus. This last-named genus
was instituted by Latreille in the " Nouveau Dictionnaire

d'Histoire Naturelle," torn. 24, p. 137, so far back as 1804,

not as has been stated in 1816. The only species assigned

to it was the Pycnogonum spinipes of O. Fabricius. It is

impossible therefore to retain Phoxichilus apart from that

species. Consequently Pseudopallene, Wilson, 1878, to

which both Sars and Meinert refer the above-named
P. spinipes of the " Fauna Groenlandica," becomes a
synonym of Latreille's far earlier genus, and the family

hitherto known as PallenidiB, from Palleae, Goodsir, 1837,

must be henceforward known as PhoxichUidae. All species

which have been assigned to Phoxichilus on the ground of

a real generic agreement with Montagu's Phalangium
spinosum must now be transferred along with this species

to Chilophoxus, while Pseudopallene circularis (Goodsir)

will find its place in the true Phoxichilus as now
reinstated.

* Mr. Marshall's paper " On varialioQ in the number and arrange-

ment of the male genital apertures in the Norway Lobster" (Proc.

Zool. fioc. London, 1902), is worth considering in connection with our
subject, but with the crustiicein it is an increase in the number of

openings that is exceptional, whereas in the Pycnogonida it is the
diminution in their number that calls for remark.
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The Eucliolatii cmiiprise three families which all have
the first ii|)|)('ii(Iaf,'cs well developed l)ut vary in n>gard to

the second. Tiiese are wanting' in the Plioxichilidiidio,

small or nidimeutary in tlie Phoxichilidii-, and only Bve-to-
s.'vi'n-jniiit.Ml ill tlie Nymiilioiiidae. Tlie first of thi'se

Nt/mphon hamatum, Hoek, i . Ventral view, legs only partially

shown. From Hoek.

families has a further link with the preceding section in

that the females are without the ovigerous legs. Among
other genera it contains one to which the eecentric French
naturalist Eugene Hesse applied the name Oomerus,
meaning "eggs in the thighs." As Goldsmith said of

Edmund Burke that he " gave to a party what was meant
for mankind," so here the French writer allots to a single

genus a term that fits all the Pycnogonida. Very
probably his ill-defined genus is not distinct from the

earlier Phoxichilidium, Milne-Edwards, 1840, from which
Wilson, in 1878, separated Anoplodactylus, itself perhaps
identical with Jnaphia, Say, 1821. In Phoxichilidium

the peculiarity has been noticed that the young become
parasitic on zoophytes. Anoplodactylus by its name,
meaning "unarmed finger," alludes to a supposed con-

trast between this genus and that from which it was
detached. The ambulatory legs in Phoxichilidium have a

powerful finger or claw, on the back of which close to the

base are a jmir of auxiliary claws, small but conspicuous.

A sjjecies which seemed to be without these accessories

was on that account transferred to Anoplodactylui', but

now in turn Sars has shown that the auxiliary claws are

actually present in the new genus as well as the old,

though so small and feeble as scarcely to deserve the title

of weapons.
Of the Phoxichilidiidae some illustrations have been given

in earlier chapters. To it belong, in addition to genera

already mentioned, Pseudoimllcm,'W'\\son, 1878, Hannonia,

Hoek, 1881, Ne<>i>ollcne, Dolirn, 1881, Cordijlochele, Sars,

1888, and Pampallene. Carpenter, 18;>2.

The Nynii)honidaj are interesting in various ways. As
already explained, Nijmphon marinitm (Strom) is the

earliest recorded species. Nijniphoii, Fabricius, 179i, is

the earliest genus but one, and includes a greater number
"f species than any of the other genera. Some of the

forms comprised in it, though not actually the largest,

are among the largest known. With one exception,

representatives of it reach the greatest depths in the

ocean attained by any of this group, descending a long

way below two thousand fathoms, so as to be separated

from the upper air by a thickness of two and a half miles

of water. The species figured was dredged up from one
thousand six hundred fathoms in the Southern Ocean.

Strom's N. marinun is one of six species of the genus found
in British waters. This was re-described by Harry
Goodsir in 1845 as N. gigantetan, from Northumberland.
He gives the span of it as six inches, equivalent to one
hundred and fifty millimetres. Other authorities give

the length of the body as three-fifths of an inch or fifteen

millimetres, so that the legs are nearly five times as long

as the body. But that this giant is not very corpulent is

shown by a further minute calculation which Kroyer
supplies. He reckons that the legs are about sixty times

as long as the breadth of their fourth joint, which no

doubt he chooses as being the limb's broadest part Till

recently a seventh British species of this genus might
have been counted, but Goodsir's N. spinosnm has now
been transferred by Sars to a new genus Ghxtohymphon,
"the hairy Nymphon." This designation alludes to a

characteristic which had been noted in three species,

respectively named on that account hirtum, hirtipes, and
spinosuni (shaggy, shaggy - foot, and thorny), by
Fabricius, Bell, and Goodsir. Besides five northern species

this genus contains one from the chill southern waters of

Kerguelen Island. The hairiness of this sub-antarctic

form is attested by the name hispidum given it by Hoek
in 1881, and by the earlier horridum given it by Bobm in

1879. But, let the species be as rugged as a bear, as

bristly as the fretful porcupine, it cannot retain either of

these names, for it has proved to be an acquisition made
by the Antarctic Expedition under Sir James Boss when,

visiting Kerguelen in May and June, 1840, an acquisition

,,^

Chieluniimphon spinosum (G'Oodsir)'f . After Sars.

which had lain in our national collection unnamed and

unregarded until a preliminary descrii)tion of it as Nijm-

phon brevicaudalum was published by Micrs in 1875. For

the Arctic sjiecies named by Bell Xijmphon robustuni, Sars

has founded the genus lioreimymnhnn, "the boreal
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Nvmphon." This maj apparently be considered as just

comiriir within the British area of marine zoology, since

on the cruise of the " Knight Errant " it was taken at a

great dejith to the north of Scotland Imt as far south as

latitude 60°. Sir John Murray, of the "Challenger."

writing to Dr. Hoek, informed him that the immense num-
ber of specimens of this species obtained on that occasion

was the largest haul of Pjcuogonida he had ever seen

—

about a thousand specimens. Sars, when explaining his

motive for instituting the genus, observes, " the peculiar

circumstance that the young continue to remain firmly

adherent to the body of the male, even after they have

attained more than half the definite size, is also remarked
among the generic characters, as a similar relation, so far as

I am aware, has not been found in any other Pycnogonid."

Another genus, Paranymphon, with seven jonits instead

of five to the second a]>])endages, was founded by
Caullery in ISi't" for a species from considerable de])ths

in the Bay of Biscay. The same species has since been
found also in high northern latitudes. Tjike Boreonijmphon

robiistum it is blind.

The genus Decohpoda, Eights, 1837, requires either an
additional family Decolopixlidw, or a widening of the

definition of the Nymplmnida}, for its second pair of

a]ipendages are ten-jointed. The typical species D. mistraJis

was taken in the vicinity of the New South-Shetland
Islands. Its chelifori are large with much curved thumb
and finger. Of the many specimens obtained all were
|>rovided with ovigerous limbs, eleven-jointed, so that

Eights counted these in with the four following pairs of

legs, and framed a generic name which signifies that in

this form there are " ten perfect feet." " The entire

animal," he says, " is of a bright scarlet." With this gay
picture to contemplate, we may conveniently pause before

attempting a survey of the Cryptochclata.

Conducted by M. I.Cro§s

PoxD-LiFE Collecting in August.—For the collector of
Cyclops, Diaptomns, Waterfleas, and aquatic insect larva?,

August is a very capitil month ; not so, however, for the col-

lector of the more inte.'esting Infusori i and Rotifera, which
are usually quite crowded out by the more vigorous crustaceans

in the few remaining ponds and pools not wholly dried up. In
larger lakes, however, it is possible to find occasionally a number
of interesting forms, particularlj- free-swimming Rotifers such
as Asjil'uiilimi //rinilonta and lirightwelli, Sijiu.-hii in pn-liudta and
the raier summer forms : Sijinha-ta alylata and r/rnndi.i. Where
a "green'' ])ond can be found, full of the flagellate Infusorian
EuijleiKt rirklis, there are usually present also a number of
RotifiF.-* such as Hi/ddtimi xoita, Knspliura aiiriUi, Diijieiui

liiiitphis, etc., feeding on the Euglena.
In shady forest pools, overgrown with Sphagnum, quite a

peculiar fauna of Mos.s-haunting Rotifers will be found, par-

ticularly various species of CnUidiiia, Disli/ln. Mflopidin,
CathujiiHi, in addition to numerous interesting Rbizopods with
shells"of various forms. In similar ponds the large, but very
rare. Rotifer ('open.-! sjiicntus should be looked for. Of other
Rotifers that may be met with in lakes, more or less abundantly,
the following can be mentioned : Brach/onua pain ; Aiiuraa
acideaUi, hrechpiiia and hypelanma ; Dinocha'i's pociUunt ;

EucMunis ti-iquetni, lii/alhia and oropha ; ilastinocerca hicoriih,

elonijata and sli/latu. ; Pohjartlira phityptera ; Syiichaeta, treinula

and (ihloiign : Pedalion mirum ; and many others.

ArocHROMATisM .vxi) OTHER TERMS.—So much confusion
seems to exist, even at this day, as to wh.at is understood by the

term "apochromatism," that it may be well to express, in us

intelligible a torn: as possible, the essential qualities which are

properly associated with this name, and the difference tluit

exists between it and somi-apochromatism and achromatism.

Apuchromalhm is an exjiression of the highest attainable

correction of microscope objectives, comprising the correction

of spherical aberration for all colours and the union of three

different colours in one focus, that is, elimination of the

.stcondarj' spectrum.

Senii-apijchfomatisia n»y be defined as combining such
qualities that the spherical aberration is corrected practiciilly

for all colours. It will be understood that in this case the

secondary spectrum is present.

An arhvomatic microscope objective, pure and simple, is one
in which, as a rule, defects worse than the secondary sjiectrum

are caused by S]iherical aberration of the coloured rays, the

spherical aberration being corrected for the brightest ])art of

the spectrum only. Generally in this correction two different

colours only are united in the same focal point.

In order that a clear conception may be formed of the above
remarks, it will be well to append a brief explanation of the

Serutidary Sj)eclram. In an achromatic lens the clirom.atic

aberration is corrected for the brightest (yellow and green) rays

of the spectrum, and the pronounced colour shown by un-

corrected lenses is, in consequence, removed.

A stricter examination, however, shows that raj's of a different

colour are not brought to the same focus, for, owing to the fact

that flint glass, as compared with crown glass, disperses the more
refrangible rays relatively too much, and the least refrangible

relativelj" too little, a peculi.ir secondury spectrum results from
the achromatic combination, the rays corresponding to the

brightest apple-green part of the ordinary spectrum being very

closely united and focussed nearest the combination, whilst the

other colours focus at increasing distances hi j)a>ni, yellow being

united with dark green, orange with blue, red with indigo. The
composite effect of these colours is best seen with oblique Ught,

causing dark objects to have apple-green borders on one side

and purple ones on the other.

Prepar.\tiox of Metal Specimens for the Microscope.—
In Knowledge for November, I'.Hll, reference was made to the

microscopic examination of metals in general terms, and as some
considerable interest was evinced in the subject, the following

notes have been prepared to guide those who may wish to

experiment for themselves in the preparation of metal specimens

for examination.
The preparation of specimens of metal for the microscope

involves the greatest care ; the principal object being to obtain

a perfectly level surface, free from all scratches and marks, with

the highest degree of polish. This will be better illustrated by
an example.
The student h.aving obtained a sample of metal, the first thing

to do is to carefully file or grind the surfaces he wishes to

examine. The marks thus made must be taken out with a very

smooth file or emery cloth, gradually diminishing the coarseness

of the cloth until he reaches the finest grade of all.

From this stage the polishing must be done on parchment or

chamois leather stretched very tightly on wood : the leather

being covered with fine crocus powder or rouge moistened with

a little water.

This is the most important stage of the specimen, especially

it the metal be very soft, and the student should freiiuently

examine the metal through the micro.<cope—a matter of a few
moments only—by clamping it in one of the new metal holders

which have been recentlj' introduced by ^lessrs. R. & J. Beck
and Watson A Souf. The.se holders are fitted with jaws in

which the subject is firmly gripped, and provide for setting in

any plane, and obviate the necessity for mounting the specimens

on glass slips.

Oq examination it will be seen that parts stand in very high

relief. This is the object of the leather polishing—to gradually

grind away the soft and leave the hard parts, and great care

should be exercised.

Having obtained the requisite degree of polish the specimen
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is now ready for further treatment, viz. : etching. The object
of tliis is to further Jevelop tlie structure.

Etchiug is done by means of various reagents, the choice of
wliich is mainly a matter of ])ersonal opinion, but perhaps the
most generally used, an<i the best for beginners, are infusion of
liijuorice root and tincture of iodine. Very dilute nitric
acid and sulphuric acid are also used, but until the student
has become thoroughly accjuainted with the effects of the above
lie is not advised to use them.
Before proceeding further it is advisable to give an outline

respecting the effects of the reagents, also the construction of
the metal.

Steel is viewed as if it were a rock with various constituents
in it. There are three principal ones, viz. : Ferrite, Cementite,
and Pearlite (or Sorbite). «

Ferrite:—This is free from carbon; it retains a very dull
polish, and is not stained by iodine or liquorice. To develop
the crystalline structure of Ferrite, a very dilute solution of
nitric acid in alcohol should be used.

Cementite ;—This is a very hard substance, and stands in relief
after polishing as above. It is very rarely found in low-carbon
steels, and is left bright after the polished surface is attacked by
iodine.

Pearlite .-—This is a very intimate mixture of Ferrite and
Cementite. If the steel has been allowed to cool slowly from
a very high temperature, Pearlite assumes a well-defined lamellar
structure

; on the contrary, if the metal has been forged, or re-
heated at a very low temperature, Pearlite assumes a granular
appearance. It is readily acted upon by iodine or liquorice.
From this it will be seen that steel is made up of : (1) Ferrite

and Pearlite, (2) Pearlite, (,3) of Pearlite and Cementite. Other
constituents are found in steel after it has undergone certain
treatment, but enough has been said to guide the student to
make a commencement.
The method of applying the reagent is as follows ;—The

S])ecimen is either coated with some i)rotective varnish—leaving
the surface free that is to be acted upon—and immersing the
whole in a bath

; or a few drops may be applied to the surface,
and then carefully spread by means of a glass dipping rod. The
solution should be allowed to act, say, for twenty seconds, then
carefully washed in alcohol or methylated spirits, gently rubbing
the surface with the little finger, finally washing in water, and
drying with a very soft piece of linen.

The metal is now examined under the microscope, and it will
then be seen if the etching has been sufficient ; if not, it should
be repeated as above for another twenty seconds. The student
should do this several times, noting the effect of the reagent
each time until he becomes thoroughly acquainted with its

properties.

So far we have only dealt with steel, but alloys of tin, copper,
&c., are treated in exactly the same way, with the exception that
liquorice and iodine are not used. The various acids, am-
monia and caustic potash, &c., are used in weak solutions as
etching reagents.

With respect to the mounting of the specimens, from what has
already been s;iid regarding the new holders, it will be seen that
the affixing to glass slides is no longer necessary. Where a glass

slide is used a great deal of extra work is involved, because it

sometimes happens that the under side of the metal is left

jagged, or may be broken off at a very sharp angle, and before
this could be mounted there would be a long delay in filing and
grinding, also the thickness of the block of metal would have
to be kept within certain limits. No consideration has to be
paid to these matters when a holder is used.

Some workers bed the metal on a glass slide in modeller's wax,
and then to render it quite plane attach to the microscope nose-
piece an uprighting tool and bring it down on the face of the
metal under examin.ation. It will be at once seen that all this

is really not needful with a champing holder.

NOTES AND QUERIES.
Siiinia.—A glycerine immersion objective cannot he so efficient

as the homogeneous one, or that which is used with cedar wood
oil. Glycerine has not a refractive index the same as crown
glass, being only 1"47, and its dispersion is too high ; moreover,
its hygroscopic properties are against it. It has been pr.actioally

abandoned since the superiority of cedar wood oil has been
established. An air-angle of 170° would correspond to a

N.A. of -'jyu, which is very low for an immersion lens,

J. IlilU.—Presumably you wish to know the best way to keep
insects that you may collect for future mounting as micro
objects. If so, you cannot do better than place those with hard
chitonous bodies in methyhited spirit, the more delicate ones
might bo more satisfactorily preserved in spirit and water, half
of each.

Note.-—The Centipedes from Portugal which were offered
for distribution in the June number have been identified as
Seuliffera cohoptoata, and are stated to be very fine specimens.
A few of these are yet available on receipt of a stamped label
and a glass collecting tube.

Communications and enquiries on Microscopical matters are
cordially invited, and should he addressed to M. I. CROSS,
Knowledge Office, 326, High Holbom, W.C.

NOTES ON COMETS AND METEORS.
By W. F. Denning, f.r.a.s.

Jean Louis Pons, who began his comet-seeking about a century ago,

must still be regarded as the most successful worker who lias ever
ent.red this field. He was born in 1761, and died in 1831. When
doorkeeper at the Observatory of Marseilies he was instructed and
encouraged by the Director, lliulis (tlie discoverer of Eneke's comet
at its return in 1805;, to take up tlie searcli for new comets, and Pops
followed the work so successfidly durin;; the 26 years from 1801,
July 12, to 1827, August 26, that he independently discovered 37
comets. In several instances he was, ho»ever. anticipated by other
observers, tliough the fact remains that during the first quarter of the
19th century he discovered nearly all the comets tliat were seen.

During the 14 years he remained at Marseilles he picked up IS new
comets. His initial success was in 1801, July 12, but several other
astronomers, including Messier, Mechain, and Bouvard, shared this

discovery. It was just a century ago, namely, on 1802, August 26,
that Pons could claim to liave been absolutely the first discoverer of a
comet. Among tlie mure important objects he foimd may be
mentioned the periodical comets of Biela (1S05), and of Encke and
Winnecke (1819). In 1812 he picked \i\> a comet which proved to

have a jieriod of about 71 years, and belonged to the Xeptuiie family.

Pons supplied a pi'omineut example of an individual entirely devoting
himself, with an abiliiy only matched by bis diligence, to one field of

observation and achieving success beyond any historical parallel, either

before or after his time.

Comet 1898 I. (Pekhine).—A definitive deteiTnination of the
orbit of this comet has been made by Heber D. Curtis, of Virginia.

In all the comet was observed 666 times lor position, and 34 different

observatories participated in the work. The comet remained visible

during about eight months (March 20th to November 15th), and an
especially fine series of observations were secured by tlie discoverer,

Mr. C. l3. Perrine, witli the 12 and 36-incli equatorials of the Lick
Observatory on Mount Hamilton. From the visual estimates of the
diameter of the coma, ranging from 2 minutes of arc on the date of

discovery to 10 seconds of arc at the middle of Ncvember, there
seems to have occurred a considerable shrinkage, the dimensions at

the two periods being 84,000 miles and 12,000 miles, while the distances

of the comet from the earth were 147 and 247 milhons of miles

respectively. The following are the definitive elements

—

Kquinox of 1898-0.

P.P. = 1898 March 17-130777 G M.T.
o) = 47° 19' ll"-85.

a. = 262° 26' 19 "06.
i = 72° 31' 47"01.

log. q = 00395112.
e = 0-9803852.

Period = 417-2 ± 2-2 years.

AlTGTTST Pebseids.—During the first half of August, moonlight
will offer little impediment to the visible progress of the display, and,

with clear weather, it will be possible to obtain an unusually success-

ful series of observations. There are several points in connection

with this rich annual shower which require further investigation, viz.

:

the horary number of meteors visible, the exact position of the

radiant on each night of observation, and the character of the

radiation (i.e., whetlier limited to a contracted area or diffused over

a comparatively large space). Observers will also do well to record

the times and apparent courses of the brighter meteors seen (es)iecially

such as are uon-Pei->eids) so that data may be avadablc for computing
their real paths in the air. As 1900 was not leap-year the maximum
number of meteors will appear on the morning of Auaust 12 or 13.

An ephemeris of the radiant, based on a large number of observations

obtained in previous years, will be found in the Monthly Notices for

December, 1901, p. 109.
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FiRBDALl. AT XoON'DAT.—An obserrer, writing from York, says

that he na,< amongst the Wolds on June 29th, and at Hh. 4,Sm a m.

saw a large met«orite travelling rapidly from oast to northeast, and

falling from an altitude of 10 to 20 degrees, ihe sun was shining in

a skv almost entirely free from cloud. Tlie meteorite exhibited a

rounded head and a tail of vivid phosphorescent green colour, and it

formed a conspicuous object on the deep blue of the firmament

Another observer, residing at Drillield, noticed the phenomenon, and

describes it as moving from the east some distance above the horizon,

and looking like polished silver.

THE FACE OF THE SKY FOR AUGUST.

By W. Shackleton, f.r.a.s.

The Sun.—On the 1st the sun rises at 4.24 a.m., and
sets at 7.48 p.m. On the 31st he rises at 5.11 a.m., and sets

at 6.49 i>.M.

There is a lack of suuspotsand faculic, and indeed there

is every prospect of this year, like the last, being one of

an abnormal minimum.

The Moon :

—



192 KNOWLEDGE [August, 1902.

n. lioycK.—In your claiins for duals in Nos. 8 and 9,

you have in each case a|>i>arently overlooked that the

Black KP <'an cover the final check. Tn reply to your
question about No. (?, after 1. Kt x ivt, 1' to K t4

;

2. R X R, Black defends by 2. B x P.

O. W. Middleton.—Tour claim for a dual after PxP
by 2. Kt to B7ch is incorrect. After 2. . . . K to Q3
there is uo mat.e.

G. Woodcock.—Please see .above. As you £;ivo three

continuations after I. . . PxP and 1. . . B to Qtj, I

consider that you should score one point in each case for

the correct dual, and lose one point for those that are

incorrect This cancels your score as far as those two
variations are concerned. You score, of course, for the

dual after P to Kt4.

B. Q. Lawg and Dr. HunL—Majij thanks for your help

in deciding the point referred to you.

H. D'O Bernard.—Much regret your retirement for this

year.

Composer of " Tiihhy."—I regret the slip in stating that

Castling was the key of your i^roblem. The move occurs

as a continuation on White's second move, and, as such,

is I think inadmissible in a tournament jiroblem. It may
be admissible for Black, the defender, but it is impossible

to prove that Wliite has not moved his Rook.

PROBLEMS.
No. 10.

" Possibilities."

Black (8).

White (K).

White mates in three moves.

No. 11.

With how much labour wast thou wrought.'

Bl.ACK (H

m m w Wi

Whitk (11)

White mates in three moves.

Whits (11).

White mates in three moves.

JVo^e on Prohlem No. G.—Mr. B. G. Laws, to whom we
apjiealed on the fjuestion of dual short mates, gave as his

opinion that they could not score. As Dr. Hunt, whom
we asked for a final decision, was of the same opinion,

which we have no doubt is correct, the point added tem-

porarily ta Mr. Johnston's score must be deducted. The
following are therefore, at present, the seven leading

scores :

—

W. Jay ... 45
W.Nash 42

"Looker-on" ... 41

C. Johnston ... 40

J. W. Dawson 38

G. W. Middleton )

a. Woodcock 5

CHESS INTELLIGENCE.

37

A return match by correspondence between the North

and South of England will begin on October 1st, and

conclude on June 1st The teams on this occasion will be

100 aside, instead of 50, as in the last match. Players

who wish to compete should write as soon as possible, if

eligible for the ^orth, to Mr I. M. Brown, Wellington

Place, Eccleshill, Bradford. If eligible for the South, to

Dr. Hunt, 93, Richmond Road. ^Dalston, N.E. The
qualifications are birth, or bond fide residence for the past

twelve months. There will be a time limit of 48 hours,

exclusive of Sundays and Bank Holidays.

The International Tourney at Hanover is beginning as

we go to press. The comjietitors are limited to 18, and

an unusually strong entry is probable, though Messrs.

Lasker and Tarrasch will be absent. Herr Schlechter has

recently defeated M. Janowski rather easily in a match at

Cirlsbad.
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INSECT ODDITIES.-T.

By E. A. Butler, b.a., b.sc.

While hardly any great division of the animal kingdom
is devoid of species that exhibit fantastic and outlandish

forms, the class Insecta is jierhaps furnished with more
than its fair share of these. We have already discussed

in these papers some few of these extravagances of form,

especially in the development of the limbs, and some good
reason was generally found to be assignable for tlie

quuintness of structure they exhibited. But even in the
cotnpuratively limited fauna of the British Islands, there

are plenty of others which exhibit an equal, or even
greater, bizarrerie, for which it is less easy to find an ade-

quate reason. It may safely be affirmed that the order
Khynchota, or bugs and frog-hoppers, is more productive
thau any other group of the extraordinary forms to which
we allude, and it may not be without interest to direct

attention to a few of these oddities, which, although some-
times not of the commonest occurrence, will yet hardly

fail to strike the observer when he does happen to mi'i^t

with them.

The first that calls for notice is a little creature of such

weird aspect that one can scarcely be surprised at its

having been associated by country folk with the powers of

darkness. Its scientific name is Cenlroiua cornidus, and
amongst the peasantry of France, its dark colour combined
with the sinister appearance of its fore-parts has gained

for it the sobriquet " Le Petit Biahle," while an English

author speaks of it and its relatives as "Fiend-Flies,"

and an American entomologist describes them as
" Brownie-bugs." Cenlrotus is not a very large insect,

being only about f of an inch long, and, moreover, it belies

its a.ppearance by being perfectly harmless. When viewed

in front (Fig. 1, a) it seems to show a brownish black

Fro. 1.—A, Front view of Face and Prothorax of Cenlrotus

cornutus. B, Side view.

vertical face surmounted by a pair of curved horns, and
this was quite enough in raediajval days to suggest a
Satanic association. But it is not really the head to

which this formidable appearance is due. The head in

fact is neither very large nor conspicuous save for the

rather large and wicked-looking eyes ; but the prothorax
has taken on the most grotesque form, rising perpendicu-
larly above the head, surmounting it as with a head-dress.

This head-dress nms out into the aforesaid horns at the

side, while between them there is a little ridge which, if

we follow it backward, we see gradually extending and
enlarging till it forms a long sword-like appendage
(Fig. 1, b) reaching nearly to the end of the body, and
looking like a sort of stiff puggaree to the aforesaid head-
gear.

There is nothing retnarkable about the rest of the insect.

It has four ordinary membranous glassy-looking wings
with distinct nervures, the upper pair being stouter than
the lower, and its legs and body are quite normal in shape.

It is simply this extraordinary development of the thorax

that makes it such a wild and odd-looking being. It is

impossible to say whether this quaintness of form has any
bearing upon the insect's present mode of life, or is in

any wav in correspondence with its usual environment.

It is an inhabitant of woods, living amongst the herbage,

chiefly in our southern counties, but too little is known of

its habits for it to be possible to give any adequate

explanation of its form. It belongs to one of those orders

of insects which do not undergo any very great change of

form during the course of their life, and which never jiass

iulo the C|uiescent stage of neither taking food nor moving
about—in other words, its metamorphosis is of the kind

known as " incomplete." The young insect is shaped

something like the adult, but of course has no wings, and
the thoracic horns and tail do not attain their characteristic

form till the last moult. It is a vegetarian in diet, sucking

the juices of plants through a short beak, and is therefore

probably mild and inoffensive in its ways, so that the only

use one can suggest for its curious armature is that it

should act as a terror-producing signal upon any would-be

assailant.

In other parts of the world, other species are found,

more or less closely allied to this, in which the thorax
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presents far more grotesque developments than in the

present ease. They constitute the fiiniily Memhrdcidie, of

the sub-order Homoptera, ami it would be difficult to find

anv other family of insects in any order wliieh eau show
an ei|ir,il ranfi;e of fantastic development <.f the tliorax, or,

for the matter of that, of any other ])art of the body.

Horns, spines, hooks, knobs, forks, blades—every con-

ceivable monstrosity may be found in the exotic members
of this family, and one would think that Nature must have

been in a s|iortive mood wln'U she made them, speaking

of some American species, a well-known authority says :

" If the young naturalist wants to laugh, let liini look at

the faces of these brownie-bugs through a lens. Their

eyes have a keen droll look, and the line that seixirates the

head from the prothorax gives tliem the a]pi)earauce of

wearing glasses. In some cases the prothorax is elevated

above the head, so that it looks like a peaked nightcap
;

in others it is shaped like a Tarn o' Shanter, while others

have prominent horns."

In our next example it is the head instead of the thorax

that has developed grotesquely. The insect is called

Eupelix cHspidata (Pig. 2), and it belongs to the same
order Homoptera as our first

example, though to a different

family. It is a very different

insect from the preceding,

being smaller and narrower,

and of a pale yellowish brown
colour. There is nothing at

all remarkable about it except

the head, which is certainly a

most extraordinary structure.

It is shaped very much like a
miner's shovel, running far

foi'ward as a thin andllattened

triangular plate, scooped out

in the middle of its disc,

slightly rounded at the edges,

and turned up at the tip.

This leaf-like appendage is

slightly transparent, and is

often prettily marked with a

series of blackish mottlings
which give it somewhat the

appearance of black lace. The wings when closed are placed

along the sides of the body in a nearly vertical position,

and their surface is in some instances more or less plenti-

fully sprinkled with minute blackish dots, as though it

were slightly dusty. The large compound eyes are

situated in the hinder pai-t of the head, and the curious

shovel-like plate passes right in front of them, and in

fact bisects their surface, leaving part of each eye above
nnd part below its level. One would think that this

arrangement must interfere with vision, at least in the

forward direction, though no doubt the insect has an
unimpeded range of view on each side. The exact shape
and size of the shovel part of the head varies a good deal,

so much so indeed that different names have been assigned

to the different forms under the belief that they were
distinct species. However, as it is possible to find large

and small heads, as well as intermediate ones, in the same
batch at the same spot, it seems more probable that all

the differences of form are mere variations within the

limits of a single species.

It is impossible to say what is the reason for this

curious conformation of the head. Practically nothing is

known of the habits of the insect, save that it lives amongst
low plants, grasses and the like, especially in dry sandy
places. In all likelihood there is little else to be known ;

they probably live very uneventful lives, and in spite of

FlQ. 2. Eupelix cuspidata.

their peculiar shape, they can hardly be very important

factors in the general scheme of things, or have any very

great influence in nature. Their numbers are not large,

and the amount of sa]i they consume in the course of their

lifetime is no doubt infinitesimal, so that there is pi'rhaps

some justification for th(,' contempt expressed for them by

a countryman to whom I once showed some specimens

when he came upon me in the act of collecting them. His

fancy was greatly tickled at the thought that an

otherwise apparently sane individual should so far forget

his dignify as to go down on his hands and knees in the

open country and grovel amongst the roots of mere weeds

for what the interlocutor was pleased to call "barley-

corns," and he was fain to call the attention of another

rustic to the strange phenomenon, so that they might

enjoy a laugh together at the expense of the mad
naturalist.

Within this same order Homoptera there is still plenty

of scope for finding other oddities, and the next we shall

select is called Ledra aurita. This is almost the largest

species of Homoptera we possess in the British Islands
;

there is in fact only one that is larger. It is at least

I inch long, and is found, though not very frequently, in

oak-woods. It has a thin, flat head, somewhat after the

fashion of Eupelix, though not nearly so large as in that

insect; but the greatest peculiarity, and that which gives

it its name aurita, " eared," is a couple of large flaps which

rise from the back of the prothorax, one on each side,

like ears. The aspect of the insect changes very much
according to the position in which it is viewed, and it is

not easy to sav which is the best to show off its charac-

teristic peculiarities. Perhaps a view taken from the

front, and a little to one side, will reveal most effectively

the relative position and odd forms of the most strangely

shaped parts, and such a view is given in the figure

(Fig. 3).

Tliis insect is the solitary representative of its family,

and as such, therefore, can
hardly be mistaken. It is of a

brownish colour tinged with

green, but the green tint soon

goes off when the insect is

dead, and it then appears

entirely of a dirty brown,

lighter or darker as the case

may be. Its hind legs are

peculiar, being very much
broadened, and ornamented on
the outer edge with a dense

fringe of fine hairs, as if it had been intended to be a
swimming insect. Its larva is, if possible, a stranger

looking creature than itself, and were it not for its large

and broad hind legs, proportionately broader even than in

the adult, it might almost pass muster as a woodlouse.

The old naturalist Geoffroy, who describes our first insect

as " Le Petit Biable," calls the present one " Le Grand
Diahle."

Still keeping to the order Homoptei'a, we may next

select the insect called Asimca cJavicornis (Fig. 4). This,

again, is not often met with, though when seen it cannot

be mistaken. It is found amongst low herbage in dry
places, and is most readily obtained by sweeping such
herbage with a strong net. But even when a specimen is

in the net, it is by no means a foregone conclusion that

the collector may call it his own, for the little creature is

an excellent jumper, and darts nimbly about in the most
instantaneous manner in totally unexpected directions, and
hence its final caj)ture is not always the easy process th.at

might be imagined. For the quaiutness of this insect's

apiiearanee. it is especially the first two pairs of legs and

Fia. 3.—Side view of fore-

parts of Ledra aurita.
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the antenna" that are responsible. The fore-win^s are glassy

anil transjiarent, with their nervures marked with dark
dots, from each of which
springs a stout hair, and in

these features Afirnca is onlv a

somewhat exaggerated repetition

of its relatives. But though
the wings are of almost normal
type, the antennae have run
into an extravagance of form,

projecting from the sides of

the head like a couple of

drumsticks. Their basal joint

is a long, flattened, angular

piece of apparatus, whicli is

succeeded by a sort of knob,

and this again is crowned
with a long and tapei-ing black

<<""'-• bristle. The fore-limbs, how-
ever, are the stranirest part of

whole anatomy ; their thighs and shanks, which
are in the main dark-coloured, are enormously broadened
and at the same time flattened ; the shanks taper away
almost to a point, irresistibly reminding one of the peg-top

trousers of forty years ago, and their extreme tip is almost
white. This little white patch is followed by the minute
and dark-coloured foot, and thus by its being sandwiched
in between two dark patches, a striking and artistic con-

trast is displayed. The second pair of legs are very

similar, but not quite so broad. It has been suggested

that these curious legs may be of use to the insect in

making its way about in the narrow spaces near the roots

of the rough herbage it frequents, but apparently this is

no more than speculation.

Our next example shall be from the allied sub-order

Heteroptera, which goes with the Homoptera to make up
the order Rhynchota. It is called Verlwia rhombea
(Fig. .5), the specific name rhombea referring to the

curious angular shape of the

abdomen, which is just that of

the geometric figure known as

a rhombus. It is a yellowish-

brown insect, with its upper
wings partly stiff and horny, and
partly thin and membranous,
and its lower pair wholly mem-
branous. When the wings are

opened the body is seen to be of

a deep yellow colour, with a black

velvety patch at the base. The
body is very thin and flat, but
the expanded angular margins
bend slightly upwards, so that

even when the wings are closed

and fitting tightly over the

body, these margins still form
the highest points, and the rest

of the body lies down as it were
in a hollow. A rather important

result follows from this peculiar configuration. If an

insect in the course of its daily occupations should

happen to fall on its back, it often finds some little

difficulty in righting itself. If the biick is convex and

the legs are fairly long, a few wild struggles, by

pushing with the legs on one side and using those of

the other as a prop, will generally manage to tilt the

creature up, till ai last it topples over and rejoices to find

itself right side uppermost. But if the back be flat, or

worse still, concave, and the legs short, the task is far more
difficult, and its accomplishment often depends upon some

FlQ. TerluAia rhomhea.

special mechanical contrivance, more or less ingenious.
Vertiisia is an example in point. From the thinness and
concavity of the body, together with the elevation of its

margins, it follows tiiat if this insect has the misfortune
to be capsized, its chances of righting itself in the ordinary
way would l>e rather remote, and but for some other arrange-
ment, it might have to remain indefinitely sprawling on its

back, kicking its legs in the air. But it is then that we see

one of the uses of the extremely thick and clumsy looking

antenna;, which are a good deal stouter and stronger than
the legs themselves. By pressing the tips of these on the

ground, the bug manages to hoist itself up till it is

supported on a tripod consisting of these two tips and the

end of the body. Then, by suitable shiftings of one or

other of the antennal i)rops, aided by struggles with the

legs, it at last overbalances, and so returns to the normal

position. Apparently, therefore, in this case there is a

co-ordination Ixjtween the shape of the body and the

structure of the antenuiB which cannot be accidental,

though one would not hesitate to admit that there may be

other reasons also for the flatness of the one and the

stoutness of the other.

Our next oddity is a lovely little being belonging to the

same sub-order, and representing a family of which we
have in this country about twenty species, some of them
very abundant, others equally rare. They form the group
of small insects generally known as Lace-Bugs, from the

peculiar formation of their wing-covers. Of this group,

our selected representative, Derephysia foliacea, is certainly

the most remarkable in shape and appearance. As all its

beauties anfl peculiarities are crowded into a length of not

more than ^ of an inch, a hand lens, or even a low power
of the compound microscope, is needed to give a true idea

of its form. Applying such aids to vision, we see that its

little head is overarched by a sort of helmet or cowl,

composed of transparent membrane, which is divided up
into a few distinct areas by strong brownish nervures.

This hood is really a part of the prothorax, and from it

there run three upright keels of the same material down
across the little black thorax. From the sides of the

thorax rise, like an Elizabethan ruff, two similar stiff,

broad membranes, each rendered net-like in appearance

by the nervures which divide it up into cell-like areas.

The upper pair of wings, again, is made of the same sort of

lace-like membrane ; their central area is raised, as are

also the outer margins, which stretch considerably beyond
the body and seem to continue the line of the thoracic

frill. Thus the whole insect seems to be not only covered

with lace, but also surrounded by a deep frill of the same
material, and the glassy membrane which fills the meshes

of the lace glitters as the insect moves and the light falls

on it in different directions. No drawing is here given of

this little bug, as none can do justice to it, or show its

real form, which must lie seen under the compound micro-

scojie to be fully appreciated.

These delicate little beings are fairly common, and may
be found by anyone who will take the trouble to look for

them. They are retiring in habits, and do not court

notice. But those who are willing to spend a few hours

searching in likely spots, to turn over dead leaves or other

rubbish in woods or by roadsides and under hedges, or to

beat ivy, hoUy and otlier dry bushy vegetation over a net,

will be sure to be rewarded for their trouble by finding

specimens, whose movements can then be watched at

leisure. Those who do not care to undertake such a

search, but would still like to see creatures similar to this

in a state of nature, may easily do so by searching the

flower heads of that common weed, the Scotch thistle.

There is one particular lace-bug, called Monanthia cardui,

which lives on these thistle-heads, lying among the scales
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on the roiindi'd part outside, and it is sure to 1)0 found

wlicrover the thistle occurs. Thou^'li it is a very ]ir('tty

insect, and will fjive a good idea of what a liice-buj,' is

like j,'t'nerally, it is neither so elegant nor so (|ii:iint in

form as the little Derephyiiia describtnl above.

For our last oddity in the |iresent paper, we uiiist go to

a weeily ])ond, and search

for the littli; water-bug
called Plea minutiniiima

(Fig. tj). We pull out
a mass of the water weeds,

and s])read them out on a

piece of macintosh. We
soon notice some little fat

whitish bodies moving
slowly about amongst the

weeds ; these are the ob-

jects of which we are in

search, though they do not at first sight seem to

be insects at all. If we separate one of them from
the wet mass, let it dry itself, and bring a hand lens

to bear upon it, we find it is really a six-legged being, and
therefore an insect, though its legs are not very noticeable,

as they are kept near the body and are of the same pale
colour. It has a. head as broad as the body, with two
large masses of eyes at the sides, and a very humped back,

which descends almost perpendicularly behind, making
the little being look like a very sh(nt and tubby inverted
boat. Very close scrutiny will reveal a sloping line on the
visible wings, dividing their area into two ])arts, the
clavus and corium of the ordinary bug type. Turning it

over on its back, we note the little beak, which confirms
the indications of the wings, that it is a Hemipteron. The
whole surface is indented with little pits, as though it were
grievously pock-marked. This odd little being is a near
relative of the water boatman, and often occurs by hundreds
in our ponds, where it lives an uneventful life amongst
the weeds.

Thus all the oddities we have considered in this paper
belong to the one order Rhyuchota, or Hemiptera, in either

one or other of its sections, the Heteroptera, or bugs proper,

and the Homoptera, or frog-hoppers. In our next paper
we sliall consider some oddities belonging to other orders.

THE AIR OVER LONDON.
By the Eev. John M. Bacon.

As long ago as 1842, John Wise, of America, made an
important statement respecting general upper currents
which I believe will be fairly universally accepted at the
present day. Wise adopted the career of a professional

aeronaut, starting with no previous training, and there
being no experts at that time in his own country his

investigations and deductions were from the beginning
wholly independent. He built his experimental balloon

of mere longcloth, invented his own varnish, and, step by
step, collected his facts with intelligent diligeu<'e not to

be surj)assed. At the end of a career of many years he
convinced himself of the possibility of crossing the
Atlantic in a balloon of adequate size, and apjdied to

Congress for funds to make the attempt, stating in his

own words :
—" It is now beyond a doubt in my mind

established that a current from west to east in the

atmosphere is constantly in motion within the height of

12,000 ft. above the ocean."

I have always looked upon this as a very valuable,

practical and independent confirmation of the theory with
which we are now familiar, namely, that somewhere, and
as it would seem at an accessible height, there is a general

air stre.am in our latitudes following the direction of thr-

earth's rotation. It is to this general and moderately

lofty iipjier west wind that, in my opinion, we must refer

certain important conditions which can be readily noted

by the man in the street with regard to the air above

fjondon.

It would seem a common rule that when contrary lower

winds meet and mingle with this upper current the air

aloft grows hazy, robbing direct sunlight of much of its

intensity ; while, on the other hand, with lower westerly

winds Londoners may look for their clearest air, and this

not only for the above reas<m but also because of the

blowing away from London ]>roper of the smoke of the

city. As to the dissipation of smoke I shall have a word
to add presently. However, with regard to a certain

condition of exceptional clearness over the east side of

London, it has been stated as the result of long-continued

obs(,'rvution at Greenwich, that whereas over and beyond
the river to the N. and N.N.E. there is usually hazy distance,

this haze is occasionally replaced by remarkable clearness,

at which times rain is the invariable consequence before the

next morning. Under such circumstances we cannot

suppose the clearness to be attril)utal)le to west winds,

which, as some meteorologists maintain, by their nioistui'e

cause absorbent dust particles to become too heavy to

remain in suspension ; for west currents in the pri'sent

case would assuredly bring with them smnke clouds

gathered from all London.
It would be interesting to investigate what would be

the nature of the air if analysed at a time when great

visibility is manifest, at the average height at which haze

is usually detected; and here I am able to give a few
results gathered when chances have afforded me the

opportunity. Such chances are of course rare, for, in the

first place, the occasions when a balloon voyage can be

made fairly over London are infrequent, and the whole
period of a flight ovei'head being limited it may well

happen that the short time at disposal may have to be

devoted largely to other matters.

Three times, however, during last summer I sailed

directly and leisurely over London, at moderate but varying
heights, when I was able to make observations both as to

haze and also as to palpable dust in suspension ; while I have
made many similar observations from some of the highest

accessible buildings. I would first call attention to the

fact that a series of photographs makes evident—what
indeed was patent to the eye—that haze, as viewed from
aloft, hung persistently over certain quarters, such haze
having no reference to the angle of illumination. For
example, in an aerial travel at about four thousand feet

altitude over the heart of London from the south-west to

the north-east, keeping the eye always S. and S.E., at the

start the river at Chelsea and the Surrey shore were per-

fectly clear, as in due course were also Trafalgar Square
and Westminster, and again later, remarkably so, the

region east of London Bridge. But over St. Paul's,

Blackfriars, and as far as Southwark Bridge, a thick haze
prevailed. In the next place, photographs from lofty

buildings show how on miiny occasions a haze which
blotted out the town late in the evening, and again early

the following morning, was strikingly aVisent through
night hours. The illustration given affords an example of

this. It was taken during a January night, and shows
great clearness of at inospliere, whereas from similar, as

also from lesser heights, photograjihs taken the afteruixm

before and the forenoon following showed no definition

whatever.

With regard to dust in suspension over the town, my
observations go to show that in calm weather this will

hang at certain levels in strata, or, as I am led to believe,
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not infri'ijueutly in definite clouds which yield to influence

of breeze, which are higher in dry and lower in moist

weather, and which are largely washed out of the air by

summer showers. I have oftou found that at some height,

Pliotoa^raph of New Oxford Street, London, showing St. Giles'

Church. Trails of light from passing vehicles alone visible.

Six hours' exposure.

generally' about (iOt'O feet, it is possible to surmount the

haze and look down upon its surface as though the grosser

matter in suspension had a definite upper limit. Above
this limit the day sky wears a darker blue and at night

the stars redouble their splendour.

As to the actual nature of the dust collected and
examined I have certain information to give. Dr. Angus
Smith, who used methods very similar to my own,

discovered besides formless matter actual crystals in the

air under certain circumstances, metallic matter in the

form of dust resembling rolled or torn plates of iron in

railway carriages, and so on. High over London I have

found nothing of this nature, but I have met with a great

quantity of such dust as will settle by night on the

furniture of a room together with much of altogether

larger dimensions resembling chaff, filaments, and woollen

fibre ; such dust, in fact, as \tould arise off the thorough-

fares in dry weather, or from the sweeping out of houses.

But such dust was more in evidence at from 3Ut;<) to .50(tO

feet above the house-tops than nearer the ground. It

would seem to accumulate at the higher levels, and then

in anti-cyclonic conditions wheu mixed with smoke and
under circumstances favouring fog one would like to know
exactlv what part this dust-laden canopy plays.

When the fog comes down it often begins with the down-

rush of a dense mass which when viewed from a lofty

building seems to swamp the lower roofs as with a murky
wave. This presently lifts again into space, but only to

return again and again till it finally settles down and the

fog becomes uniformly dense and general. These conditions

I have photographed from various heights u|> to that of

the golden gallery of St. Paul's, but the results, though

highly instructive, do not lend themselves to reproduction.

As to the far travel of London smoke when it is not

detained in fogs over the city, there is jilenty of evidence

forthcoming. In days of bright sunshine in the open
countrv the fairest and most-favoured suburbs of the West
End may be partially over-clouded if au east wind causes

London smoke to set in that direction. This same smoke

may be actually seen at thirty miles to leewai'd, and when
it drifts away as London fog it mav be smelt for twice

that distiince. The smoke from the Black Country has
been stated to be carried down the wind over vast are.is,

a fact which must of course be open more or less to con-

jecture, but I can speak from ocular eviden<'e of the

extraordinary passage of smoke travelling far and wide,

but not ascending more than a very moderate height

into the sky. It was on a calm clear night last summer
that I made a night voyage over London, starting at

8 a.m. With gradually increasing altitude, Fulham was
crossed, then the suspension bridge at Battersea, ne.\t

Lambeth and Peckham, and so out over Kent. As far

as could be discerned, London proper at all heights was

as free from smoke as can be conceived, but wlieu the

town was left far in our wake our course took us over

some cement works, whose chimneys were pouring

volumes of smoke into the sky. Tiiis smoke, however,

as viewed from our level of 4500 feet, seemed to rise no

considerable height anywhere into the atniosjihere; on

the i;ontrai-y, it rapidly spread into a low-lying layer, and

then travelled outwards without sensible thinning away
as far as the eye could reach. At twenty miles distant

it was on the earth, still making itself uui>leasantly

manifest.

In the above c<ase, of course, the smoke was drifting

away as fast as formed, and no dense accumulation over

the land was possible. Had the air been quiescent the

case would have been very different, and it may not be

diflicult to form a reasonable conception of what the air

over London might be found to be if explored by balloon

at a time of visitation of fog. As to what may be observed

from the highest accessible point of St. Paul's I can record

some experiences. On many days of moderate fog you

may be able to climb above the actual fog limits, but in

the exceptional fogs preceding last Christmas this was not

so. Under these circumstances what are the actual

dimensions and conditions of the fog ? In one of the early

numbers of Knowledcje, R. A. Proctor points out by

mathematical reasoning, depending on the amount of light

that even in densest fogs actually does struggle through

from the clear sky above, that the depth of the fog layer

cannot be very great. And this seems probable on every

account. Particles of carbon, being good radiators, must

readily reach the dew point, and becoming heavy with

deposition of moisture, must in circumstances of fog be

incapable of rising high into the atmosphere.

But if the fog be shallow, it is moreover presumably

in a condition" of instability. The fog itself checking

radiation, there must be considerable difference of tem-

perature between its lower and upper limits. Nor is this

all ; the alternations of warm and cold air streams so

often recorded in balloon ascents, and also deduced from

kite experiments, are in my experiences, which are now
not few, very frequently met with above a cloud layer.

Such alternations seeming indeed to be often independent

j

of visible cloud, and in ascents over London they are

I

i)ossibly more noticeable than over the open country.

(This might indeed be inferred as probable when the

i

variations of radiation from a town like London are con-

sidered.) Under these circumstances we may suppose

that some small source of disturbance might be sufficient

to cause the densest fog to break away upwards, or, in the

common phrase, to " lift " in that magical manner so often

observed.

One other factor operative in the dispersal of fogs

I

should not be left out of account, namely, the diverse

I

upper currents so often encountered over Loudon. Charles

I

Green called attention to these as far back as 1838, when

at less than half a mile above the earth his course
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clKiiifffil throiifj^h N.W., N., !ind N.E. witliin the limits of

the iiietrojiolis. I would submit that these viining currents

are the rule over London.

THE NUMBER OF MOULTS UNDERGONE
BY DRAGON-FLY NYMPHS.

Uy the Kev. jVbtiiuk East.

Theke a])iJear to be so few observations of the number of

times that the nymphs of dragon-flies change their skins

—indeed, so far as the writer is aware, the exact number is

unknown—that possibly a few notes on the ecdysis of

JEsvhna cyaiiea may be acceptable to that small, but
increasing number of students who devote some attention

to that interesting group of insects known as the Odonata.

The moults in the later stages of the nymph's growth
are very easily observed and counted, but it is the earlier

ones, and especially the earliest of all, where the difficulty

comes in. This, of course, is owing mainly to the insects

being aquatic in the nymphal stage, and also to the

minuteness of the eggs of even the largest dragon-flies ;

added to this there is the difficulty of keeping the

imagines in captivity so as to make the females deposit

their eggs where tliey can be kept under observation, and
the additional fact that when the minute eggs are laid,

they are either secreted beneath the cuticle of aquatic

plants or else dropped at random into the water. Accident,

however, comes sometimes to the rescue.

There was found in an aquarium in July an ex-

cessively minute and solitary nymjih of ^schiia cyanea,

measuring only 65 mm. in length, and in addition there

were three still more minute cast nymph skins, measuring
resjjectively 3i mm., 5 mm. , and 6^ mm. , evidently belonging
to this same nymph, as the water had been unchanged
siuce January. The smallest skin, measuring 3^ mm.,
was possibly the first or second skin cast. A writer in the

December number of the Entomologist, referring to this

particular instance, says " A very few minutes after

leaving the egg, some young nymphs moult. This I have
observed in Lihellula qnadrimacutata (at Jena, Germany,
in June, 1896) and in our American L. pulchella and
Sympetrum vicinum. It is also mentioned for Epitheca
bimaculata by Heymons (1896). It is likely that such a
moult will be found to occur in yEschna. Previous to

this first moult, the legs of the young nymph are adherent
to each other and are not movable, so that Heymons
says that we -cannot yet speak of a larva, but of a
hatched embryo. The first moult frees the legs, which are

at once put into use by their possessor.

The day following that on which the nymph was first

discovered it changed again, and became 10 mm. in length;

on Augsut 3rd, it became 13 mm. ; on August 15th, it

became 18 mm. ; and at this, its sixth

moult, the four rudimentary wing-cases
first appeared.

The seventh moult was on August 25,
when the nymjih measured 20 mm , the
rudimentary wiugs were further deve-
li>jifd, and, strangely, there could be seen
thriiugh the transparent skin the wing-
cases of the next moult, now for the first

time advanced from the sides and lying

touching one another on the median line

of the back.

Then followed a change on Se])tein-

ber 22, when the nymph measured 25^
mm., and after this a long rest of

four months to January 24, when the measure became

Nymph of ^schna
cyanea after the
lith moult, sliow-

ing first appear-

ance of wing-

cases.

29 mm. Unfortunately during the winter this nymph
died, and there had to be substituted ^. cyanea II.,

measuring, however, exactly 29 mm., three others of the

same measure being kept in reserve in case of disaster.

No disaster occurred, happily, and JE. cyanea II. com-
pleted her course (for the nymph was a femcale) without
accident. The subse^iuent changes and measurements
were as follow:—10th moult. May Sth, 32 mm:; 11th
moult, June 6th, 38 mm. ; 12th, final emergence of the

imago, July 14th, the nymph having reached 43 mm.
The number of moults undergone will therefore lie twelve,

sujiposing that the smallest skin found was that of the

first moult, if of the second moult then the total number
must be advanced one, making thirteen as the number.

For convenience of reference the whole observation may
be given in tabular form

—

? 1st moult, tUt« iinknonn, measure .3i mm.
2nd moult, date unknown, measure 5 mm.
3rd moult, dale imknown, measure 6i mm.
4tli moult, July Slst, measure 10 mm.
5th moult, August 3rd, measure 13 mm.
6th moult, August 15th measiu-e 18 mm.
7th moult, August 25th, measure 20 mm.
8th moult, September 22nd, measure 25^ mm.
9tli moult, January 24th, measure 29 mui.

On April 30th, substituted another nymph in place of

original one, which died.

10th moidt, May 5th, measure 32 mm.
11th moult, Jmie 6th, measure 38 mm.
12th and final, July 14th, nymph measured 43 mm.

From this it will be seen that there is a fairly even

growth, on an average, of 4 mm. for each ecdysis, but that

for nearly eight months, viz., from September 22nd to

May 5th, there was only one moult. This was not owing
to lack of food, as worms were frequently offered, nor was
the nymph at all torpid ; one can only suppose that it is

a necessary arrangement, as food must ordinarily be
extremely difficult to obtain during the winter months.

That the nymph should die during the observation was
unfortunate for both observed and observer, but the cause

showed very clearly the extreme value of that wonderful

endowment possessed by these creatures of being able to

breathe at will either the air dissolved in the water, or

common air at the surface, as referred to in a previous

article on this subject.* The small aquarium in which the

nymph was kept had been cleaned, and the sides were no
longer rough with green alga; as before. As the water
got stale the nymph would ordinarily have climbed the

side, and, protruding the rectum, have breathed the outer

air. The slippeiy sides, however, forbade this, and the

nymph died of asphyxia—breathing, 1 fear, maledictions on
the stupidity of its captor.

The further point remains—which some reader can,

perhapis, clear up—as to when the eggs of ^. cyanea are

hatched. The imagines ajipear late in June and during
July, but ovipositing does not seem to begin until much
later in the year, the end of August or beginning of

September
;
yet, even so, as late as July 30, a nymph only

measures 6i mm., leading one to suppose at first sight

that the eggs lie dormant during the winter and are

hatched when the warm weather begins ; but looking to

the fact mentioned above that during the second winter
the nymph scarcely grows at all, as evidenced by there

being one moult only between the end of September and
the beginning of May, we may perhaps suppose that the
young nymphs are hatched in autuur.i, but that they
grow but very little during the first winter.

But whether the young nymphs are hatched in the

autumn or spring, it is clear that nearly two years are

required to perfect, the imago, viz., from the autumn of one

* Kkowlkdob, October, 1900.
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vear when the eggs are laid to the next June or July year,

"when the perfect insect emerges, a period, say, of twenty-

two months. The earliest appearance of ^'E. cya)ie'i known
to the writer is June 25, and the latest date on which this

varietv has been seen flviug about is November "ind.

FUPHRATEAN DIVISIONS OF THE CIRCLE.

By Rohert Bkown, Junr., i'.s.a.

There are in the British Museum three euueiform Frag-

ments, numbered respectively Sm. ]62 ; 83-1-18, (JOB and
Hl-7-27, 9-t, the two latter of which have not hitherto

received the attention they well deserve. For brevity I will

refer to these Fragments as J, B and C. Frag. A was dis-

covered by George Smith ' in the palace of Sennacherib,'

and was subsequently discussed with much ability by
Messrs. Bosanquet and Saycv,<i> ^jm jjq^ jj^ connectiim with

the general question of the reconstruction of the Euphra-
tean Planisphere. So far as I am aware. Frags. B and C
have not been studied except by myself. Frag. ^ is a

portion of a sphere consisting of an outer and an inner

circle, each divided into two parts. In the outer circle to

the left is written the name of the 8th month of the year,

and below it 'the Constellation Beast- of-death' {= Lupus).

Below this is the number ' 14U.' Below this, in the

inner circle, is wi itten ' the Constellation the Scorpion
'

{= Scorpio) ; and below this name is written the number
' 70.' In the outer circle to the right is written the name
of the 9th month of the year, and below it ' the Constella-

tion the Ancient Altar' {^ Ara)S-'> Below this is the

number ' 12t).' Below this, in the inner circle, is written
' the Constellation the Archer ' {^= Sagittarius) ; and below
this is written the number ' 60.'

Frag. B is a portion of a sphere consisting of an
outer and an inner circle. In the outer circle is written

'the Constellation the Scorpion,' and below this name is

the number ' 70.' Below this, in the inner circle, is written
' the Constellation the King,' and below this name is

written the number ' 35.' It will therefore be observed

that the original Planisphere consisted of 3 circles, and
that fortunately one segment of it has been preserved,

viz. :
—

Outer circle—Constellation Lupus. No. of degrees, 140.

Central „ „ Scorpio. „ 70.

Inner „ „ Hercules.^^^ ,, 35.

Of course the reader will notice the highly interesting fact

that these constellations, alike in name and in position,

are those of our own modern sphere ; but, as I am now
only speaking of divisions of the circle, I merely mention
this in passing.

Frag. C is a portion of a sphere consisting of an
outer circle divided into two parts. In the part to the left

is written the name of the 1 1th month, and, below it, ' the

Constellation Fish-of-the-Canal ' (= Piscis Australis).

Below this is the number ' 80.' In the part to the right

is written part of the name of the 12th month. Thus in

' Monlhlif Notica of the Boyal Astron. Soc. Vol. XL. No. 3,

Jan. 1880.
'

' Vide R. B. J""-, Primitive Constellations, ii. 0-9.

' .Amongst the later names of this constellation are Malica

(= Phcenician Melekh, 'the King,' = Babylonian Sarru. = Sumero-
Akkadian Lugal, the name on the Fragment), Melicartus (— G-k.

Meiikerfis, = Phccniciuu Melqilrtk, ' King-of-the-City,' the Tyrian
Herakles). and Hacerit (= Gk. Makar, = P)neniciau Melqarth).
The Gk. name MerakUs, for which there is no Aryan derivation, is :i

rendering of the Phoenician Rnrekhal ('the Traveller'), tlie

wandering sun-god, patron of colonies like Apolldn. UirakUs =
Latin Hercules.

these Fragments we have the 8th month connected with

140°. the 9th with 120°, and the Uth with 80°. Hence, it

is obvious that this outer circle was divided into 12 parts,

one for each month; and, further, that each of the 12 parts

was divided into 20^, whence the whole circle consisted of

12 X 20 = 240°. Lastly, as the 11th month was connected

with 80°, a lower number than that connected with the

9th month, the 12th month must have been connected

with (50°, the 1st with 40°, and the 2nd with 20°. Hence,

at the time of the formation of this circle the Bull, the

constellation of the 2nd month, led the year ; and thus

the arrangement of the circle was prior to B.C. 2540.

It is equally obvious that the central or zodiacal circle

consisted of 12 divisions of 10° each, =120° ; and that the

inner circle consisted of 12 divisions of 5° each, = <;0°

All this can be seen at a glance on reference to Fig. l,and

Fig. 1.—Euphrateau Planisphere. Reconstructed in accordance

with the Monuments. (The dotted lines sliow the extent of the

existing Fragments.)

when the principle contained in the 3 Fragments was

once grasped, the restoration of the Planisphere followed

as of course, and is a matter of mathematical certainty.

The entire Planisphere was intended to embody a formal

scheme of 36 constellations, 12 northern, 12 central or

zodiacal, and 12 southern ; but, as I am not speaking of

stars and their groups, I shall not again refer to this fact.

We thus obtain three further divisions of the circle, into

60°, 12i>°, and 240°; and what at once strikes us about

these divisions is the prominence they give to the numbers

6 and 10, and to 60, the result of their multiplication.

The number of degrees in the inner and outer circles

depends upon the number of degrees in the central circle,

and is obtained by halving and doubling respectively.

But how was the number 120 obtained for the central

circle ? I wish to deal as much as jjossible with fact only,

and not with theory, still less with mere possibility ; and

therefore will merely remark that, as noticed, the number
Ten was regarded as ' many,' and that the process of

multiplication by 10 appears to have been originally

considered as a mode of expressing ' a great number,' in

fact as an intensification. Moreover, we shall see from

other figures and totals that, as numerical computation

advanced, this method of expressing a great, vast, or

enormous number was freciuently employed. A number
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was multiplied 1)y lO, then the prodiu^t was iniiiti])lied

by 1(1, and then the ivsult was inultipliod l)y lO. 'i'lic

oriffinal nuinlior was thus triply intonsilicd, iind by this

moans totals were attained, not literally trui', Imt, merely

expressions of vastness in the number of thini^s or of

years. It is necessary to say this much in illustration of

the facts of the case. The central (zodiacal) circle was
already, in the nature of things, connected with the

number 12 ; and this mode of intensive expansion raised it

to 120 divisions or degrees. I do not, however, assert

that this principle is the only link between 10 and 12 in

the matter. These circles thus showing a sexagesimal

method, we find, as might be expected, the same ]>rin(ii)le

cimfirmed by the c\ineiform writing. The sinL,'ie weclge

which represents ' 1
' also stands for 't>0.' In Eupliratean

computation 60 is also the unexpressed denominator of a

fraction ; and we possess a tablet which ' gives a table of

si|uari's and cubes correctly calculated from 1 to 00.' The
iiiluiliitants of the Euphrates Valley further ' sub-divided

the unit into 00 equal parts, and each of these parts into

(50 further equal sub-divisions.'W And now, turning to a
modern dictionary, we read :

—

' Sexagesimal arithmetic, a method of comj)utation by
sixties, as that which is used in dividing minutes into

seconds.

—

Sexagesimal fractions, fractions whose denomi-
nators proceed in the ratio of 60 ; the denominator is 60
or its multiple. These fractions are called also astronomical

fractions, because formerly there were no others used in

astronomical calculations. They are still retained in the

divisions of the circle, and of time, where the degree or

hour is divided into 60 minutes, the minutes into 60
seconds, and so on.'(^)

Thus do the thought and practice of early man in the

Euphrates Valley still dominate the modern world. So
small is the sphere of invention and of original mental
effort ; so much easier is it to beg, borrow or steal.

I pass on to notice two other Tablets, the first,

K. 90, details the monthly progress of the moon
through a circle of 480°; the second. Tab. 84-7-19,

273, details the same progress through a circle of 360°.

E. 90 has been more or less treated of by Lenormant
and by Messrs. Bosanquet and Sayce'^) ; and the

second Tab. by me in the Proceedings Soc. Bib. Archeeol.,

Feb. 1900, where I give a copy of the remaining
part of it. The calculations of the moon's jirogress in

these two circles, although in some details at present

tinintelligible to me, are in perfect harmony. In the

circle of 360° the figures are, as they should be in order
to correspond, rtt lower.

The two Tablets compare together thus :

—

Tablet A' 90. Tablet 84-7-19, 273.

(Circle 490°) (Circle 360°)

nar advance 1st day 5
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ptjrraets de vous signaler, et doat 1' interpretation rationelle

est encore a trouver. C'est uu grand eirele exoruti' eu

mosaique dans un pavement antique a El-Husn, daus la

Palestine trans-jordaniqiie. II est d'epoque relativement

basse peut-Otre bjzantine.'

After briefly describing this nionunient, and referring

specially to the fact that the number 11<I had evidently

been desiguedly omitted, he adds :
' Je livrc ue petit

problt'ni a votre sagaoiti'.' I append a cojjv of the circle of

El-Husu, and, following M. Clermout-Gaunoau's example,

Fig. 2.—The Circle of EMIusn.

have iuKcrted in brackets the uumerical values of the

Greek letters. As every division of a circle mu.st, either

expressly or by implication, begin with 1 and proceed 2, 3,

etc., and as the numbei-s in this circle are not consecutive

but range from 6(3 to 180, advancing by tens, except in the

instance of 110, which is omitted, it is evident that two or

more divisions of the circle are here shown in combination.

In the abstract, a circle divided into 12 segments could be

accommodated to the representation of 60, 120, 240, 360
or 480 parts (degrees), inasmuch as these several numbers
are all divisible by 12. We have seen that two or more
divisions of the circle must be shown by the Circle of

El-Husn ; and, as only 12 numbers were to be used, the

problem before the circle-maker was how to express as

many divisions of the circle as possible with these materials.

The segments themselves showed the number 12, and the

single number 69 sufficed to show by implication the division

of the circle into 60', commencing with Sec. Pn—5°,

PO—10°, and so on. A lower number than 60 could not

liave been used, (1 ) on account of economy in numbers,
there being only altogether 12 numbers available to express

all the ideas ; and (2) because in a circle of 60° only, each

segment must have been 5^, and such a segment would
have prevented the harmonious expression of the other

numerical circles. Hence the circle begins with 60'.

Now, had the numbers proceeded from 60 liy increase

of 10 without any omission, the total of the circle would
have been 1 70', an amount altogether inadmissible in any
division of the circle. One decade (110) is therefore

omitted, and at such a place as to bring 120 opposite 00,

each on the line of one half of the circle. The 60, there-

fore, also represents the half of a circle of 120°, which
latter is shown liy commenciug with PA—IC, PM—20',

and so on. Similarly, the 120 suggests the half of a circle

of 240 \ and the 180, which is also arranged to fall at the

half circle, the half of a circle of 360°. Thus, the circle of

El-Husu, by the use of only 12 numbers, expresses circles

of 12, 60, 120, 240 and 360 degrees.

Such, then, are the Euphratean divisions of the circle

which have come down to us, and thus do Euphratean
concepts and principles connected with it still rule our
world of to-day.

ASTRONOMY WITHOUT A TELESCOPE.

By E. Walter Maunder, f.r.a.s.

XVII.—STARS BY DAYLIGHT; AND THE SUM
OF STARLIGHT.

Ake the stars visible to ordinary sight in the daytime ?

There is a widespread tradition that they are ; that if an

observer places himself at the bottom of any deep shaft

—

as of a mine, a well, or a factory chimney—which may
shut off scattered light and reduce the area of sky

illumination acting on the retina, he will be able to discern

the brighter stars without difficulty. The tradition is one

of a respectable anticjuity, for Aristotle refers to persons

seeing stars in daylight when looking out from caverns or

subterranean reservoirs, and Pliny ascribes to deep wells

a similar power of rendering visible the stars the light of

which would otherwise be lost in the overpowering

splendour of the solar rays.

The tradition, well founded or not, has often been

adopted for literary effect. It seems almost sacrilegious

to hint that no star known to astronomers could have

shone down unceasingly upon poor Stephen Blackpool

during his seven days and nights of agony at the bottom

of the Old Hell Shaft ; that at best he could only have

caught a glimpse of it for a few minutes in each twenty-

four hours as it passed across the zenith. Dickens indeed

does not absolutely say that Stephen watched the star by
daylight. It is only a natural inference from his descrip-

tion ; but Kipling adopts the tradition in its extremest

form when he writes of :
—

" The gorge that shows tlie stars at noonday clear."

But is the tradition true ? Of course everyone knows

that Venus from time to time may be seen even at high

noon ; but then Venus at her brightest is many times over

brighter than Sirius. Then, again, the assistance of a

telescope enables the brighter stars to be discerned at mid-

day ; but the telescope not only directs the eye and greatly

limits the area from which the skylight reaches the

observer, but it enormously increases the brightness of the

star relative to that sky illumination. The naked-eye

observation of true stars in full sunlight stands in quite a

ditferent category.

Humboldt, who was much interested in the question,

repeatedly tried the experiment in mines, both in Siberia

and in America, and not only failed himself ever to detect

a star, but never came across anyone who had succeeded.

Much more recently an American astronomer set up a tube

for the express i.urpose of seeing the Pleiades by daylight,

also with no effect. It has been supposed that Flamsteed,

the first Astronomer Royal, sank a well at Greenwich

Observatory for the purpose of observing Gamma Draconis,

the zenith star of Greenwich, in this manner. The
existence of the well is undoubted, though Sir George

Airy, the late Astronomer Royal, was uuable to find it, but

Flamsteed marks it on more than one of his plans of the

Observatory, and there is a drawing extant of the well

itself, showing the spiral staircase that ran down it. But

its purpose seems to have been, not to have furnished the
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means of observing the star with the naked eye, but to

enable Ibe oliscrver to measure as accurately as possible

the distance of the star from the true zenith at the moment
of trausit.

Sir John Herschel mentions a case, which he considers

as satisfactory evidence, of an onticiaa who stated that

the earliest circumstance that drew his attention to

astronomy " was the regular appearance at a certain hour

for several successive days, of a considerable star through

the shaft of a chimney."" This, it will be noticed, is second-

hand evidence. I have never been able to obtain evidence

even so direct as this myself, though I have met several

persons who felt quite confident that tliey had seen stars

by daylight on looking up the shaft of a mine, or that

" some one bad told them he had done so."

But the value of such indefinite statements is nil. I

have met evidence more direct and explicit in support of

that favourite legend due to the fertile imagination of the

Emperor Jahangir, of the Indian juggler who threw a

rope into the air and climbed up it, to disappear at its top

into space—a legend which still makes periodic reappear-

ances, and finds not a few devout believers. But direct,

first-hand, scientific testimony of an observer who has been

enabled by the use of a shaft to detect stars with the

naked eyeat midday is still to seek. By scientific testi-

mony, I mean the record of the day, hour and minute

when the star was seen, the latitude of the place, the

depth of the shaft, the breadth of its mouth—the numerical

elements, in a word, which are necessary to give value to

the observations. There must be not a few of the many
who take an intei-est in astronomy to whom the means for

making such an observation are available, and who, if

they would take the trouble, could report, " I have seen

such a star at such a time," or, "I have watched for such

a star at the time of its transit across the z.enith on so

many occasions, when the sky was clear, and could see

nothing." Such observations would set the question at

rest whichever way they tended ; but what are wanted,

here as elsewhere, are definite observations, carefully made,
fully and systematically recorded, not vague, second-hand

impressions which are perfectly valueless as evidence.

Whether or no the use of a shaft to diminish the effect

of sky illumination, and so to render the stars visible by
daylight is ])racticable, it suggests a method for dealing

with what Prof. Newcomb in a i-ecent paper has justly

described " as among the most important fundamental

constants of astrophysics," namely, the value of the total

light of all the stars. In the paper* alluded to. Prof.

Newcomb points out that the " total amount of light

received from all the stars may serve as a control on

theories on the structure of the universe, because the

amount of light resulting from any theory should agree

with the observed amount. It is also a quantity which
we must regard as remaining constant from age to age."

Tet, strangely enough, few if any attempts have been made
to determine it. One of these was made by Mr. G-avin J.

Burns,t his method being to compare the brightness of

the sjiurious disc of a star seen out of focus iu a telescope

with the light of the sky. The eyepiece of the telescope

was pushed iu and out until the brightness of the spurious

disc seemed to correspond with that of the sky. Prof.

Newcomb, two years later, adopted several plans, his

purpose being a twofold one—first to determine tlie relative

brightness of different portions of the sky, and next to

express the brightnesses of given units of surfaces in terms

of starlight, from whence iu turn the brightness of the

whole heavens in terms of starlight may be inferred.

* Astropht/sical Journal, December, 1901.

t Journal Brit. Ass. Asc, Vol. XII., p. 212.

Prof. Newconib's first plan was to use a small tube, the

length of which he could easily vary, the ends of the tube

being covered with caps having apertures of varying
diameters, and to measure therewith the smallest area of

sky which was certainly visible to him. A second method
was by means of small mirrors arranged so as to enable

different regions of the sky to be compared directly.

Roughly speaking, the Galaxy appeared, surface for

surface, about twi(;e as bright as the sky outside it.

For the determination of the brightness of different

areas in term.s of starlight a concave lens was used, so as

to spread out the image of the star into a disc, and the

brightness of the expanded image was cut down by means
of an absorbing glass to that of the sky. The results

appeared to point to a value for the total starlight of

over GOO to 800 stars of magnitude 0, whilst Mr. Gavin
Burns, by different methods, fixed the value at about 400
stars for one hemisphere, or 800 for the entire heavens.

Both results, though more accordant than might have been

expected, can only be regarded as first approximations,

and there is abundant room for many other observers to

follow these pioneers, and supplement their work.

One method for comparing the light of the sky in two
different regions would be by means of some such simple

apparatus as the following:—A tube, bent at right angles,

should be fitted at the angle with a piece of card placed

at 4-!)° to either arm. The card should be painted a dead

black all except a white cross in the centre. The observer

should look down one arm, through a diaphragm about
i inch in diameter, and view the card, which would be

illuminated by the light coming down the other arm, and
the opening of which would be directed to some known
region in the sky. This opening should be provided with

a series of caps having apertures of different diameter,

and the arm itself should be fitted with a draw tube, so

that both the size of the opening and its distance from the

card might be varied at will. The observer, having care-

fully set the tube in some given direction, would move the

draw tube in or out, or vary the caps over the aperture,

until the white cross on the cardboard in the angle

could just be certainly discerned. The aperture, the

length of the draw tube, and the part of the sky to which

it is directed, must then be carefully recorded.

The rough altazimuth, described in the chapter on
" Observations of the Sun,"* would prove a suitable

mount for such an instrument. If used for this purpose

its circles must be read, whilst, of course, the time of the

observation should be taken, and the state of the sky

noted. Necessarily, observations of this kind are only

possible at stations far from the glare of towns, and on

moonless nights of special clearness.

The observer might well begin his work with some such

device as this, but in a field so nearly new there would be

full scope for his best ingenuity and contrivance in im-

proving on this beginning, and iu arranging for better

and exacter methods for dealing with the noble jiroblem

he had undertaken.

It must be noted that the result of these observations

will give the sum of starlight -1- any other general source

of illumination which may be present. It must be assumed
that the observer is working far from the influence of any
artificial lights, and that so far as he can ascertain there is

absolutely no cloud or mist iu the sky. But there still

remains the question whether the general illumination of

the sky does not vary from time to time. Thus, two

observers of the very first rank, Mr. Denning and Mr.
Backhouse, have recorded that in August, lS80, the sky

was unusually light. It is clear that the sum total of

* Kkowledge, 1900, June.
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starlight cannot vary from time to time, and if the liglit

of the sky is different on one occasion from that which it

is on another, allowance, of course, being made for any-

annual variation, due to the Milky Way or some of the

brighter constellations being in iin especially favourable

position, then this variation in luminosity must be due to

some cause other than starlight. Over and above, there-

fore, the two very important researches (a) of the relative

brightness of different portions of the heavens, and (6) of

the total sum of starlight, there will come the question as

to whether there is iu addition any variable source of

luminosity, and, if so, what are its nature and urigiu, and
the laws aud causes of its changes.

THE "TRIPLE CAVE" IN AQUILA.
By Dr. Max Wolf.

The writer discovered these very interesting dark
structures in the Milky Way in Aquila on the 12th of

July, 1891, using a Krauz o-inch photographic doublet.

Their discovery was published for the lirst time at the

meeting of the Astronomische Gesellschaft at Munich in

1 892. The liroadest arm of the dark structure appears as

if it were the nearest, and the smallest arm as if it were
the furthest from the observer, so that it would seem to

give a perspective view into space of the heavens in the

Milky Way. But this is probably a mere illusion.

The accompanying plate is a reproduction of part of the

original negative made •with the worse of the two Brashear
l(3-iuch portrait lenses. The plate taken with the better

lens shows a defect iu the centre of the structure, aud is

therefore not suitable for reproduction. A bubble iu the

glass of the negative from which the present reproduction

is taken shows itself as a slight defect, but does not

interfere with the rei:)resentation of the dark structure,

and the photograph seems therefore good enough for

j)ublication.

The broadest of the three "caves" is the most southerly.

The co-ordinates of the middle "cave " are

—

R.A. = 19h. 33m. Dec. = + 10° 35' (18.550).

Tlie plates were exposed on July 10, 1901, for tliree and
three-quarter hours. Scale, one degree equals about
seven centimetres.

Heidelberg.

[The Editors do not hold themselTes responsible for the opinions

or statements of correspoudents.]

VISIBILITY OF THE CRESCENT OF VENUS.
TO THE EDITORS OF KNOWLEDGE.

Sirs,—I would like to add a word to the discussion

raised b_v Mr. Maunder' s interesting remarks on the

visibilitv of Venus. I was stationed for some time in the

remarkably fine air of Darjeeling, at an elevation of abotit

8000 feet. On any clear night when the Pleiades were

high up I could see eleven stars without difficulty ; I have

glimpsed twelve. The dividing of e Lync in that air was
easy, though it is generally not so in England. Aud when-
ever Venus was fairly high up I could almost certainly

pick her up within 5 minutes with the imaided eye, know-
ing only the general direction in which to look, and not

using my equatorial as a guide. In this way I have seen

her when crescented very near to overhead, and I entirely

failed to trace the least vestige of her true shape. With
a magnification of 3 the crescent was visible, but no more.

As to Jupiter's satellites, I cannot help thinking thiit, in

a perfectly still clear air, with no glare, the outer area

would be visible without optical aid if a fine wire were
fixed up aud used as an occulting bar—but I have not
tried this. J. W. Meares.

"Writers' Buildings, Calcutta.

THE SUPPOSED DISCOVERY OF ALUMINIUM
2000 YEARS AGO.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—The following paragraph appeared in " Echoes
of Science " in the Globe of August 19th, 1898 :—

" The first discoverer of aluminium had the reward of genius.

Pliny tells us that in the reign of Tiberius (-11 D.c. to 37 A.D.) a
worker in metals presented a beautiful metal cup resembling silver,

but lighter, to the Emperor, who questioned him, and learned that

he had extracted the new metal from clay. The secret, he said,

was known but to himself and the gods. The sage Tiberius,

rellecting that if this metal could be made from earth it wovdd
lower the price of silver and gold, decapitated the artificer in order

that his secret might remain with the gods, and so deprived the

world of a most usefiJ metal for eighteen centuries."

It would interest many readers of Knowledge if some
student of Pliny would state where in his works the

account is to be foimd, and furnish a translation thereof.

That the metal of which the cup was formed was really

aluminium appears possible from four circumstances :

—

CI) It was obtained from clay; (2) it resembled silver;

(3) it was lighter than silver; (4) it was capable of

being wrought into a vessel.

The question naturally occurs, How did the metallurgist

of the first century obtain a metal, which in the twentieth

century can only be extracted by processes totally unknown
to the ancients, and which it is inconceivable that any
individual worker among them could have accidentally hit

upon ? Modern methods of in-ocuring aluminium are

:

(1) Chemical, involving the use of sodium or potassium
;

and (2) electrical. The contemporary of Tiberius cannot

have knowingly isolated sodium or potassium, and then

applied it to separate aluminium, though it is possible tliat

sodium or jiotassium may have been liberated from some
ingredient of a mixture in his retort or crucible, only to

oust aluminium from some other ingredient. That his

process was electrical is quite out of the cjuestion.

If Pliny's account actually refers to aluminium there

must be some method of separating it which modern
chemists have failed to light on, but which lay not very

far outside of the range of ancient metallurgical knowledge.

Cannot it be rediscovered by some chemist possessing a

wide knowledge of the science, and who is at the same
time well acquainted with the methods (many of them
forgotten) adopted by ancient and mediaeval workers ?

Such a process would probably go very far towards

cheapening that most useful metal.

3rd July, 1902. John T. Kemp.

Bvttt's^ #vnt«jologttal Notes.

Conducted by W. P. Pycraft, a.l.s., p.z.s., m.b.o.it.

Birds in Captivity.—The Zoologist for July contains

a really valuable and extremely interesting article by Dr.

A. G. Butler, in which ho recounts his avicultural

experiences for tbe past twenty years. He surveys in

turn the postures, bowings, and dances of birds when
courting, their songs, nest-building, sexual characters, and
habits in confinement. It is difllcult, from the mass of

information which Dr. Butler has brought together, to

select items for special comment, but his remarks on the

precocious development of some birds seem particularly

interesting. Thus he writes :
" Some of the little Ploceid
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Tinchcs (such nn Amarlitin fanclala and Tceniojyygia cas-

tanotif) nre in full adult phimaKO, and ready to breed when
about pix to eight weeks old ; thus examples of the former,

which left the nest in September, were breeding in

October; and it is not uncommon for Zebra Finches

(T. ruftanolis) to build and lay when eight weeks old."

Thk lUcKET-TAH.KD Parhot.—Tiic Field, July 12th,

contains some interesting observations on the Itacket-tailed

Parrot (Priotiiliinis plaiurus), recently purchased by the

Zoological Society. This is not only the first specimen

of its kind acquired by the Society, but appears to be

the first ever brought alive to Europe. ]f this bird

lives through the next moult it will be interesting to

watch whether the iieculiar racket-shaped middle tail

feathers, from which the bird takes its name, are natural

growths, or artificially produced like the similar tail

feathci's of the Motmot.
White Stokk Nesting in Kew Gardens.—The Field,

August 2nd, contains a graphic description by Dr. Giinther

of the successful breeding of the White Stork, during the

spring of this year, in the Koyal Gardens at Kew. Twice

before the now triumphant pair have essayed to rear a

family, but their attempts proved abortive. This year,

however, they succeeded. A low platform of sticks was

erected Ijetween two elms, near the lake, and on this the

birds built a nest of dried twigs. On the 14th April the

first egg was laid, five days later a second was deposited,

and this was followed by three others on alternate day.s.

Of these five eggs, two were addled, and of the three

chicks hatched but one now remains. Dr. Giinther, in his

article, draws special attention to two extremely interesting

points. In the first place he writes that the young do not

appear to have been fed in the orthodox fashion, inasmuch

as according to the ornithological records the adults insert

the beak in that of the nestling, and passes from the

stomach a meal of half-digested food. According to the

observations of the keeper the food was deposited on the

edge of the nest, and taken by the young without the

assistance of the parents. Secondly, he remarks that the

rate of growth was at first very slow, at a month old the

nestling was not larger than a duckling of the same age,

and still downy ; after this time growth was rapid.

White-fronted Goose Nesting in Captivity.—Mr. AV. H. St.

Quinton writes to the Field (July 19th) pointiDg out that Mr.
Froliawk's letter of July 5th, and referred to in our August issue, is

slightly incorrect, in so far as he states that the nesting of the White-
fi'onted Goose in confinement at Blackheath constitutes the only

authenticated instance. Jtr. St. Quinton has a pair of these bii'ds

which successfully hatched out four goslings in 1900, and this year

she again hatched four young.
Intereslinr/ Arrivals at the Zoo.—Three young Secretary Birds

from Kordofan, presented by Col. Mahon, have just been placed in

the eastern aviary. At present they are but in indifferent plumage,
but it is to be hoped they will rapidly improve.

Me. Haery Witheeby having now returned from
Persia, all communicatiotis with reference to this column
should he addressed to him at the Office of Knowledge,
326, High Holhorn, London.

Botanical.—£t/bh's gigantea, a plant of considerable in-

terest from Western Australia, is figured in the July number

of the Botanical Magazine. In Bentham & Hooker's Genera
Plantarum the genus is referred to the Droseracea;, from
which it differs in several important characters, including
the simple style and the two-celled ovary. The late Mr.
Bcntbam, in the Flora Auslraliensis, points out its resem-
blance to Cheiranthera, an Australian genus of Pittospo-

raceic ; and Mr. F. X. Lang, in a long paper published in

Flora for 190], states that Byhlis approaches most nearly
Poli/pompholy.r in Lentibulariaceie. He noten that its

glands do not agree in structure with tho.<eof Dro-seracea-,

but do closely with those of some Lentibulariaeea? ; also

that the corolla of Bi/blis is gamopetalous. He attaches

much importance to this character, but Sir J. D. Hooker
finds that the petals are obscurely coherent at the very

base, and even there only in a young state. The plant he
considers requires further investigation, and meanwhile
prefers to leave the question as to its order unsettled.

Das Pjlanzenreich, the great work now appearing under
the editorship of Dr. Engler, of Berlin, has just reached
the eleventh part, which consists of a monograph of the

Marantacea? by Prof. K. Schumann. Among the other

orders already elaborated may be mentioned Aceracete,

Monimiacea', Symploeacere, Myrsinacese, and Tropaeolacese.

The monograph of the Myrsinace;e, by Prof. Mez, forms
a volume of 437 pages. The need for such a work as this

has been very pressing for many years, as the best

work of the kind now in use—De Candolle's Vrodromus—
is considerably behind the times. By Dr. Engler himself,

and under his direction, numerous important contributions

have been made during the last ten yf^ars to our knowledge
of the Flora of Tropical Africa. The Monographieen
Afrikanischen PJlanzen-FamiUen iind-Galtungen is a finely

illustrated quarto, of which five parts have appeared, the

last dealing with the Anonacese. If continued in its

present form this work will almost rival in magnitude the

Flora Brasiliensis. Engler's Botanische Jahrliicher con-

tains in nearly every part some important paper on African

botany. Belgian botanists are also devoting their atten-

tion to Tropical African plants, while in this country the

Flora of Tropical Africa, edited by Sir W. T. Thiselton-

Dyer, is making steady progress.—S. A. S.

Zoological.—The Zoological Society's menagerie has
recently been enriched by the addition of a living example
of the proboscis-monkey of Borneo, the first of its kind
ever received in the gardens. Unfortunateh- the specimen,

which is a male, is immature, so that it does not show the
great development of the nose characteristic of the adults

of that sex. Should it survive and grow to maturity, it

will serve to correct the ordinary idea of the form of that

appendage. For it is a somewhat curious coincidence that

Dr. Jentink, in the Notes of the Leydeii Museum for Julv,

has just published a photograph taken from a living adult

male of this monkey, which shows that the nose, in place

of being narrow and projecting straight forwards, is

spatulate and bent downwards so as to conceal the mouth
in a full-face view.

Certain structures in the brain of marsupials fonn the

subject of an important pajjer contributed by Prof. G. E.

Smith to the Proceedings of the Royal Society. These
serve to show that the " diprotodont " members of that

grou)), such as kangaroos, phalangers, and wombats, differ

markedly from their carnivorous " polyprotodont " relatives

in this respect. The author also concludes that the full

development of the so-called corpus callosum in the brain

of the placental mammals has given them an advantage
quite sulKcient to account for the dominant position they

have acquired in the world's fauna.
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Two interesting new types of marine inverteln-ates, each

known solely by a more or less damaged examjile, have

recently been made kiiown. The one is a swimming type

of zoophyte, or hydroid polyp, from New Zealand, described

bv Dr. Dcndy under the name of PeJaijohydra udrahUis in

the Qiiiirlti-h/ Journal uf MicroscojncaJ Scienri>. For the

description of the second, a new form of crinoid, or "stone-

lily," naturalists are indebted to Messrs. Koehler and
Bather. This form, which was dredged off the Canaries

(not, as stated in the text, off the Azores) by the Prhice of

Monaco, is described in the Mem. Soc. ZooJ. France as

Grphi/rorriniis fjrimalili. Both fonns constitute new
generic tyjies.

In a paper contributed to the Geological Magazine, Dr.

Andrews continues liis account of the wonderful Tertiary

vertebrate fauna of the Fuyum district of Egypt. In that

instalment he describes the skull of a "sea-cow," or

sirenian, which he regards as generically distinct from all

hitherto known types, and proposes to call Eosiren lihyca ;

and likewise two additional forms of the Proboscidean
genus Moeriiherium.

Professor Noack, of Brunswick, has published in the
Zoologischer Anzeiger for February last an account of the
Mongolian wild horse {Equus przevahl-ii), based on
the specimens obtained by Herr C. Hageubeck, many of

wliicli are now living in the Duke of Bedford's park at

"Woburn. It appears that taha is the Mongolian name of

these animals, which inhabit the district east of the
Garchun oiisis, as well as the Zungarian desert, and the
neighbouring mountains to a height of 7500 feet. They
are now found m herds of fully a thousand strong, each
led by an old stallion. Certain individual differences of

colour noticeable in the herd brought to Europe Prof.

Noack attributes to the different localities whence the speci-

mens were obtained. The individuals from tlie open desert

he describes as light greyish yellow fa«ai in colour, while
those from the lower mountains are light yellowish brown,
and those from higher elevations, dark yellowish rufous.

In the lightest coloured individuals the muzzle is white,

in the darker ones bright yellow, and in the darkest rustv
yellow. Prof. Noack is quite convinced of the specific

distinctness of the Mongolian horse, alike from the now
extinct tarpan of the Kirghiz steppes, and the domesticated
or half-wild horses of Mongolia. He adds that no skins
or skeletons of the tarpan, which was exterminated in

1876, appear to have been preserved in any museum.

In the same journal. Professor Noack describes as new
a stag from Zungaria, of which specimens were brought
to Europe by Herr Hagenbeck's expedition, under the
name of Cerviix ivacliei. He describes the antlers as
wapiti-like at the baae, but at the summit approximating
to those of the rusine or rucervine groups. In the absence
of figures it is difficult to form an opinion as to the
affinities of this deer.

The bighorn sheep shot by Mr. J. Talbot Clifton in

North Siberia, to which allusion has been previously made
in these columns, has been ])resented by that gentleman to

the Natural History Museum, where it is now exhibited
in the pavilion at the end of the lower Mammal Gallery.
Visitors to that part of the gallery will not fail to notice
that the magnificent series of bison and buffaloes occu-
pying the large case at the west end have been mounted
upon artificial groundwork, with the very best results so
far as appearances and general effect are concerned.

A theory has long been current that the skeletons of
IgiianoJon from the Wealden formation of Bernissart, which
constitute one of the chief attractions of the Brussels
Museum, were deposited in a narrow gorge cut through
Carboniferous strata and subsequently filled up with

materials of Wealden age. This theory M. do Pauw, the
clever articulator of the Museum, demonstrates {Mem.
Sor. Ilaiimiif, May, 1902) to be founded on a misconcep-
tion. The iguanodons, as amatter of fact, lived on the
borders of a lake, where in due course they died and their
bodies became buried in the mud. It is generallv con-
sidered that these reptiles always walked in the upright
position, but ^F. de Pauw believes that they went fre-

quently on all fours, and commonly assumed this attitude
when leaving the lake.

A ])rehistoric drawing on a slab of limestone found ne.ar

Schaffhausen, together with fossil remains from the same
locality, are regarded by Prof. T. Studer (Denis. Srlnreiz.

Naf. Ge^., Vol. XXV.) as sufficient to indicate the existence
during the Pleistocene period of the Kirghiz wild ass, or

chiggetai, in Switzerland. -
j^oticcs of Boofts.

"Studies in Heterogenksis." By Dr. 11. Charlton Bis-
tian, F.K.s. Part II. Pp. 63— 147 and xvii. llatcs VI.—XI.
(Williams & Norgate.) 7s. 6d.—Dr. Bastian is very ciuidid as

to the reception which the scientific world has given to his

observations. The Roj'al Society of London, the Academies of
Science at Paris and Berlin, and the Accademia dei Lincei of
Rome will have none of them ; so in the memoir before us, and
the one which was published a few months ago, a statement of
the case for heterogenesis is placed before students of biological
science independently of scientific societies. In this position
Dr. Bastian should be content to leave his heterodox conclusions
as to the production of several kinds of organisms from one cell

substance. He can scarcely expect zoologists to accept his
interpretations, whatever they may think of his observations.
He announces that he lias " witnessed on very many occasions
the stages of this remarkable transformation of the contents of
a Rotifer's egg into a Ciliated Infusorium." To ap])ly strictly

scientific tests to each stage of observation involved in this

conclusion would take months of investigation, and there are
so many a priori reasons against its validity, that zoologists are
justified in hesitating to accept Dr. Bastian's views until they
have the opportunity to make their own observations and analyse
his methods of procedure. There are still people who believe

the earth is shaped like a Cheddar cheese, and they can bring
forward evidence apparently in support of this theory. Dr.
Bastian would find it difficult to state observations which com-
pletely dispose of their conclusions ; and biologists are in much
the same position in relation to his work. Or shall we compare
him to a Galileo who has seen new worlds and desires others to

look for themselves and be convinced of their reality '?

"Pl.\nt Relations: A First Book of Botany." By John
M. Coulter, A.M., I'H.D. Second Edition. Revised. Pp. ix. and
266 ; and "Plant Stkuctures : ASecoxij Book of Botany."
By the same author. Pp. ix. and 348. Both illustrated.

(London: Hirschfeld Bros. Ilt02.) Each63.net.—The number
of botanical text-books published in this country and America
within the last few years must almost create some perplexity in
the minds of students and teachers in selecting one most suitable
for their purpose. Professor Coulter, who has had considerable
experience as a teacher, and has written treatises on nearly
every branch of botany, might be expected to be especially well
equipped for the production of a text-book, and no doubt can
exist as to the excellence of those now under our notice.

Lucidly written, beautifully and copiously illustrated, the works
cannot fail to interest and teach all who may use them, and it is

with pleasure that we recommend both volumes to our readers.

The first edition of "Plant Relations " was issued in 189'.) in Xew
York. The jiresent one, though practically the same in the first

eleven chapters, has been much modified in the latter part
dealing with plant societies, both in text and illustrations, as
'• this has been made necessary by the recent rapid development
of the subject, by a larger field experience, and by the availability

of more suitable illustrations." " Plant Structures," which forms
the second part of the work, was originally published in 1899,
and the copy before us, dated 1902, is, we presume, merely a
reprint of the American edition. " PJantRelations" is devoted to

the study of the natural history or, as it in often termed, the
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ecology of plants. It is calculated to represent work for a half

year, anil is inilopondont of the Bccoml book, which deals chiefly

with ])laiit mor]iIiology, and represents work for another half

year. The fourteen chapters of the first book begin with an
introduction. Then follow chapters on foliage leaves, shouts,

roots, etc. Chapter 7 deals wholly with Howers and insects, and
chapter '.t with " the struggle for existence." The final ])ortion

of the book tre.its of plant societies (Hydrophytes, Xerophytes,

and Mesophytes) which are determined by the conditions of

water supply. Besides the morphology of plants, the second

book includes a general review of the large systematic groups

beginning with the Tliallophytes and concluding with the

Compositre, proceeding according to the arrangement of Eugler

and PrantL This part contains a useful glossary and each is

provided with a good index. Professor Coulter published a

work in 1001, under the title of "Plant Studies," reviewed in

Knowledcic, 1001, p. 233, which is based on the works before

us. His books, by reason of their accuracy, freshness and
originality, will doubtlessly be widely used by American students

of botany, and only need to be known to become popular in this

country.

"Mosquito Brigades and How to Organmze them."
By Ronald Ross, F.R.r.s. (Philip & Son.) 3s. net. Few
modern discoveries have appealed more strongly to the popular

mind than that of the part taken by mosquitoes in spreading

disease, and Major Ross's leading share in this discovery is

known to all. In this handy little volume he shows how
practical use can be made of the knowledge that we have
gained by organizing brigades of men whose work shall be

the extermination as far as possible of mosquitoes in the

neighbourhood" of populous tropical cities and settlements.

The chief means suggested is to drain stagnant pools and
ditches in which Anopheles breeds, and to clear away useless

vessels of dirty-water which harbour the larva; of Culex. This

is a surer means of destruction than to cut the grubs ofE

from the air supply by the application of a film of oil to the

water surface. The book is essentially practical, and the record

of what has been done under the author's leadership in Sierra

Leone shows how much benefit may be expected if the subject

be earnestly taken up by those in authority. When we consider

that the parasite causing malarial fever is absolutely dependent
for its continuance on mosquitoes of the genus Anopheles, and
those causing yellow fever and elephantiasis on mosquitoes of

the genus Culex, and that both these genera depend on stagnant

water as a breeding- place for their larva;, we cannot fail to

subscribe to Major Ross's " first law of tropical sanitation,

namely, no stagnant irafer." These " Mosquito Brigades " are

proposed as voluntary organizations where the local authorities

will not take the matter up. Unfortunately, Major Ross has

to complain of the apathy of those in authority, and their

frequent unwillingness to carry out the practical measures of

prevention, so surely indicated by his researches. In this

connection one remark of his may be applied to other things

besides mosquito-extermination :
—

" It is disgraceful that in

scientific matters concerned with the life and death of thousands,

scientific men should be so absolutely subordinated to unscientific

men."

"Report of S. P. Laxoley, Secretary op the S.mithsonian
Institution, for the Year ending June 30th, 1901." Pp. 140.

(Washington. 1901.)— In this report Dr. Langley surveys

the work done between June, 1900, and June, 1901, by the

United States National Museum, the Bureau of American
Ethnology, the International Exchanges, the National Zoological

Park, and the Astrophysical Observatory—all these departments

being under the direction of the Smithsonian Institution. He
gives a general account of the affairs of the Institution and its

bureaus, and this is supplemented by more detailed statements

by the officers in direct charge of the different branches of the

work. The field surveyed is so vast that only a brief reference

to some parts of it is here possible. A number of investigations

are being carried on in connection with the Hodgkins Fund,
among them being the relation between light and electricity, by
Dr. V. Schumann ; air currents at various altitudes, by Dr. A.
Lawrence Rotch ; and a study of air currents in relation to

mechanical flight and ventilation, by means of chrono-photo-

graphy, by Dr. J[arej\ In the National JInsoum Dr. Langley
has h.ad a children's room arranged. The room itself has lieeu

made attractive by a careful choice of colour and design in the

decoration of the walls and ceilings, embodying illustrations of
the life of animals and plants. The objects displayed in the
room include cages of living birds, aquaria with living fishes,

and cases filled with those things which interest children even
of larger growth. The National Zoological Park was established

with the view of preserving rare American animals from extinc-

tion by keeping them so far as possildc in their natural sur-

roundings ; but though the aim is admirable, the funds granted
by Congress are insufficient to carry out the scheme. In the
report on the Astrophysical Observatory, reference is made to

the eclipse expedition to Sumatra in May, 1901, which, unfortu-
nately was unsuccessful on account of bad weather during the
ecli|ise. Referring to the bolometer, Dr. Langley says that his

instrument is now so sensitive that it will recognise a change of
temperature less than one one-hundred-millionth of a degree.

Many other subjects are mentioned, but we are unable to refer

to them, though in common with other workers in the realm of
nature we highly ajjpreciate the contributions to knowledge
made under the direction of the Smithsonian Institution, and
the generous spirit with which the results are made available to
the whole .scientific world.

" ES.5AYS IN Historical Chemistry." By Dr. T. E. Thorpe,
c.i!., F.R.s. Pp.xii.,.'J82. (Macmillan.) r2s.net.—There are cert;iin

books which should be found in the library of every institution

where science is taught, and this is one of them. Nothing
is more inspiring to a student of science than a luminous
account of the works of investigators who have contributed to

the sum of natural knowledge ; and we have in the present
volume a survey of tliis character, in so far as it concerns
chemistry. Dr. Thorpe has a facile pen, and a keen sense for

interesting personal characteristics and essential points of
progress. His essays represent presidential addresses, lectures,

and contributions to various publications, and each one is a
pleasure to read. The pioneers whose works are described are

Boyle, Priestley, Scheele, Cavendish, Watt, Lavoisier, Faraday,
Graham, Wohler, Dumas, Kopp, Victor Meyer, Mendek'elf, and
Cannizarro, while others are dealt with in accounts of progress

made during various epochs. In this series of sketches we have
the fundamental facts concerning the development of chemical
science presented in their most interesting form ; the masters
are seen, as it were, in their laboratories, and the influence of
each upon the progress of chemistry can be discerned. It is an
inspiring story^this record of work carried on with the sole

desire to obtain new knowledge of chemical compounds and
changes—and the student of science who reads it should be
proud that he is following in the path of those who have worked
with so noble a purpose. Emoluments may be meagre and
honours few, as judged by the world's standards, but a life

devoted to the investigation of natural processes of any kind is

sufficient unto itself.

" A Laboratory Course in Plant Physiology, especially
as a Basis for Ecology." By W. F. Ganong, ph.d. (New
York: Holt. Sold in England by G. Bell & Sons.) Price 5s.—
This is essentially a book for the teacher and advanced student
of botany. Prof. Ganong's " Teaching Botanist " appeared in

1809, and was received with well-merited favour. That work
was intended for the student of the first year, being a synopsis
of the subject to those who follow it no fai'ther, and a founda-
tion for higher work to those who do. The second and third

years should be devoted, according to Prof. Ganong, to courses
in morphology with correlated ecology, cellular anatomy, jiar-

ticularly of the higher plants, with cytology and embryology,
while the present work, " a practicum in physiology," should
guide the fourth year's course. To get through it in one year
it is requisite that the student should work each week about
eight hours in the laboratory, with one lecture and one hour
devoted to criticism of experiments and comparison of results.

The first part of the book contains a description of the method
to be followed and of the equipment necessary, and is directed
chiefly to the teacher. Part II. is an Outline of a Course in

Experimental Plant Physiology, made up of two divisions—(1)

The Structure and Properties of Protoplasm, and (2) The
Physiological Operations of Plants. The interrogative form is

adopted, and following each question are suggestions as to the
method to be used in answering it. Fifty-eight experiments
for the solution of some of the questions are described, often
with the aid of good figures. The numerous references to

important literature affecting the subject will be of great value
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to those who have access to a good botanical library. The
favoured students who have ample time and the use of the
rather costly equipment to undertake such a course iu practical

plant i)hj-siolo{,'y will, we have no hesitation in saying, find

Prof. Ganong's little book a competent and trustworthy guide.
" The S< IKNCE of Mkciianus." By Dr. Ernest Mach.

Translated from the German by T. G. McCormack. Second
English edition. Pp. xi.x. and 60.5. (Kegan Paul.) 9s. (id. net.

Illustrated.—No work in existence contains such a philosophical
and inspiring account of the principles of mechanics in relation

to their development as Prof. HIach'.s, rendered into fluent

English by Mr. T. G. JlcCormack. The student of physical
science who obtains from this book his concepts concerning the
motions and equilibrium of masses is to bo congratulated.
Jreclianics is not treated as a collection of problems h.aving no
connection with one another or with anything real in nature,
but as one of the physical sciences. To the student familiar
with the arid specifications of the principles of statics as
expressed and illustrated in text-books in general, the treatment
of the same subject by Prof. Mach comes as a revelation. The
long chapter on dynamics is of especial interest to students of
astronomy

; the remaining chapters deal with the application of
the principles of mechanics and the deductive development of
the science, the formal development of mechanics, and the rela-

tions of mechanics to phy.sics and physiology. To this new
edition of what is everywhere regarded as a scientific classic, an
appendix of eighty pages has been added, containing Prof.
]\Iach's supplementary remarks upon various parts of the text.

For its logic, history, and scientific scope, we commend the
book most heartily to all serious students of matter and
motion.

'' Dy.N'.\Mic AsrECT.s up Xitritiox and Hi;ui:iirTY." By Frank
Horridge. Pp. xiv., 175. (Bailliere, Tindall & Cox.) .')s. net.—
The titles of the three chapters of this book arc " The Active
Forces of Living Organisms," " The Spinal Cord and the
Functions of the Cerebellum," and " Heredity." No useful
purpose would be served by either describing or criticising

the author's material or conclusions. Suffice it to say that
an endeavour is made to connect physical and nervous effects and
phenomena. Preventive and curative medicine are shown to
depend for their results upon movements in the ether, and the
cerebellum is regarded as a reinforcing organ to the nervous
system. Lovers of speculative science may discover some ideas
to interest them, but critical students will find the book a
weariness of the flesh.

BOOKS RECEIVED.
The Relation of Science to Art. By Sir Samuel Wilks, Bart.,

M.i)., LL.D, P.R.s. (Hampstead : Sydney C. May le.) ed.

Manual of Astronomi/. Bv Charles A. Young, PH.D., ll.d.

(Ginn & Co.) Illustrated. 10s! 6d.

Animal Forms, liy David S. Jordan, MS., M.D., pu.d , il.d., and
Harold Heath, pii.D. (Uirschfeld.) Illustrated. 6s.net.

Elementary l^rinciples of Chemistrt/. By A. V. E. Young.
(Hirschfekl.) Illustrated. Ss. net.

Elements of Physics. By C. Hanford Henderson, pii d. , and John
F. Woodhull, PH.D. (Hirsclifeld.) Illustrated, os. net.

Early Life of the Young Cuckoo. By W. Percival Westell,
M.B o.iT. (Thomas Burleigh.) Illustrated. Is. net.

European Fungus Flora Agaricacece. By George Massce, f.l s.

(Duckworth &. Co.) 6s. net.

Analysis of English History. By W. C. Pearce and Dr. S. Hague,
LL.B. Revised by W. F. Baugust. " (Murby.) Is.

Principles of Simple Photography. Bv Fred. W. Sparrow, r.k.
(Hazell, Watson & Viney.) Illustrated.

"
Is. net.

Preparatory Lessons in Chemistry. By Henry ^Y. Hill. (Allman
& Son.) Illustrated. Is.

Macaulay's Laiis—Soratius, Lake Ber/illus, Armada and Icri/.

Edited by W. J. Addis, B.A. (Allman & Son.) Is.

Ai^rial Navigation. By Frederick Walker, c.E. (Crosby Lock-
wood.) Illustrated. Ts. 6d. net.

The Mill on the Floss. By George Eliot. (Ward, Lock.) Is.Gd.

Electric Wiring. By W. C. Clinton, B.sc. (Murray.) Illustrated.
Is. Gd.

Seport of the Yellow Fever Expedition to Para (Liverpool
School of Tropical Medicine—Memoir I'lI.J. By H. E. Durham.
(Longmans.) 7s. 6d.

Erperiments in Aerodynamics. By S. I'.Langley. (Washington :

Smithsonian Institution.)

Memorias y Revista de la Sociedad Cient/fica "Antonio Alzate."
Nos. 4 and 5 and 6. (Mexico ; Imprenta del Gobierno en el ex-
Arzobispado.)

A'f HI Phytologist. Vol. I., No. 7. Monthly. Is. (id.

Soard of Education—Supplementary Regulations for Secondary
Daii Schoils andfor Evening Schools (From 1st August, l'J02, to

31st July, lOO.y. (Eyre i Spottiswoode.) id.
Eastern Uganda—an Ethnological Survey. By C. W. Hobley,

ASSOC. M.lNST.c.ii. (-\ntl.ropological Institute.)

Ross Bird-Stalker. By Charles Dixon. (Ross Ld.) Illustrated. Od.
Orchard and Rush.Fruit Pests and Uoio to Combat Them. By

Cecil Warbuiton, M.A., F.p s. (Murray.) Illustrated. 6d.
Si-literal Cypher of Francis Bacon. Replies to Criticisms. By

Elizabeth Wells Gallup. (Gay & Bird.)

ARCTIC OCEANOGRAPHY.*
The truth of the old provvrli, " It is the iinexi)ected that

happens," is seldom more forcibly illustrated than by this

volume. When Dr. Nansen prepared for his adventurous

voyafje, against the advice of all whose experience of arctic

expeditions entitled tliem to form an opinion, he expected

to be carried in the drifting ice across a comi>aratively

shallow sea, and the provision of oceanograi)l)ical instru-

ments and gear was made in this belief. He carried out

his programme to the letter as far as the surface drift was
concerned, but he discovered toe late that the Polar Sea
was one of the deepest instead of one of the shallowest of

the oceanic areas, and research in its depths was only

possible by means of gear made or adapted on board. It

was naturally a great disaji^jointmeut to Dr. Nausen to

find that his most valuable results were shorn of their

completeness by the want of a few thousand fathoms of

wire. He realised, too, that when working in the deep
sea from the solid surface of the ice a far higher degree

of accuracy was possible in occtmographical observations

than the vicissitudes of a tossing ship, often under the

command of an impatient officer, had allowed his pre-

decessors to dream of. On his return he proceeded to

devise and test instruments of high precision, and the

result has been to turn Dr. Nansen from a biologist into

a physical oceanographer. We may consequently expect

develo]iments of a very interesting kind from the Labora-
tory of the International Council for the Study of the

Sea, which is shortly to be opened at Christiana under
his direction.

After a full confession of the incompleteness of the

"Fram's" oceanographical work in the preface to the first

memoir, " On the Oceanography of the North Polar Basin,"

Dr. Nansen goes on to describe and criticise his instruments,
" nothing extenuating " as to their defects, to tabulate his

observations with a running commentary as to their

probable errors, and finally to deduce his conclusions with

a caution, and at the same time an independence and
originality which inspire confidence and respect. There is

a good deal in this great volume to nourish discussion, and
it might not be difficult to combat some of the more
theoretical conclusions, but in a short account of such a

harvest from a field hitherto untrodden and untouched it

is better to pay attention only to the heap of beaten-out

grain.

It is hardly necessary to recapitulate the route of the
" Fram," but nevertheless there may be some readers who
will not resent a few lines of orientation. The ship left

Vardo on July 21st, 1893, passed through the Yugor Strait

early in August, coasted the Yalmal peninsula, rounded

* " The Norwegian North Polar Expedition, 1893-1896. Scientific

Results." Edited by Fridtjof Nansen. Vol. III. Published by the

Fridtjof Nansen Fund for the Advancement of Science. (London :

Longmans, Green & Co.) 1902.
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Ciii>e Ohi'lviiskiii, the most northerly point of Asia, on Sep-
tenibor 1 1th, ami (.'iiteri'd the ice north of the New Siberian
Islands on September 22ud, in 78 '50' N. From this time
she drifted with the ice, being about 79" N., 138' E. on
1st January, 1894, in 83^° N., 102^^ E. on 1st January,
1S!I">, in almost 80° N.. G7° E. (her farthest north) on
15th November, in 85J " N., 47° E. on 1st January, 1896,
and in the middle of July she broke out of the ice in

84^ N., 15° E., to the north of Spitsbergen. Along the
whole of this extensive route, which was traversed by the
" Fi-am " in many devious looi)S, observations were made at

frequent intervals by lowering thermometers and water-
bottles through openings broken in the ice. At least nine
observations were made at depths of lUOO fathoms or

more, and were it not for the risk of breaking the only
available sounding-line, which was wearing thin with use,

many others would have been obtained.

In discussing the instruments and observations, Dr.
Nansen has much to say as to their corrections and the
probable errors of observation, and if he errs in this matter
it is by the perhaps unnecessary refinement of some
corrections. These corrections also were in many cases

suggested by laboratory work subsequent to the return of

the expedition, and if they had been thought of when the
observations were made, some little advantage might have
resulted. They will, however, bear good fruit in subsequent
expeditions. As they stand. Dr. Nansen's observations

are at least as accurate and trustworthy as the best work
of his predecessors ; but there is no doubt that in the
conditions of the polar seas, with a very small range of

temperature, and with solid ice to work from, far greater
refinements in observational methods are possible than in

the open ocean.

The primary object of investigating the temi^erature

and salinity of the water was to throw light on the
circulation of that part of the ocean. The observed facts

were that a layer of cold and comparatively fresh water,

probably due to the great rivers of Northern Asia, covered
the surface of the Polar Basin to a depth of about 100
fathoms. Beneath this a distinctly warmer and much
Salter body of water was found, its high salinity being
maintained to the bottom, while its temperature came to a
maximum at a depth of about 200 fathoms, from which
plane it falls gradually to a minimum near the bottom,
but never becomes so cold as the surface layer. This
appears to be Atlantic water in course of cooling down,
and the very slight rise of temperature observed in it at

the bottom is attributed to the influence of the internal

heat of the earth.

The curves of temperature, salinity, density in situ, and
the isosteres, or lines of specific volume calculated according
to Bjerknes' method, afford a basis for estimating the

forces tending to produce circulation in the water, and
taking all these into account Dr. Nansen comes to the
following conclusion.

There are at least four systems of currents in a vertical

section along the route of the "Fram." (1) A surface

current of low salinity {29 to 32 per mille) about 20 metres
deep running towards the north-west and west. (2) An
underlying slow current of high salinity and very low
temperature running in a different direction and consisting

of surface water from other parts of the Arctic Sea. (3)
A current of relatively warm water of high salinity (351
to 35"3 per mille) coming from the Gulf Stream, west of

Spitsbergen, and running towards the east at depths
below 250 metres. (4) An extremely slow current of colder

water filling the deepest part of the basin (below 1000
metres), forming the densest part of the preceding current
which bas been cooled down and sunk. In the mass of

this very slow-moving current which may not renew the

water in the Polar Basin once in several centuries, Ur.

Nansen believes that the internal heat of the earth may
give rise to a system of vertical circulation.

The whole of this difficult subject is discussed at great

length, but we cannot say that the difficulties which
present themselves to our mind are removed. Of these

the chief is why warm Atlantic water penetrating the

Polar Basin beneath a sheet of very cold water of h>w
salinity should cool more rapidly downward than upward.
There must, we should think, be a systc^m of oblique

circulation to produce this effect, such as might be
produced by the wind.

In dealing with the surface current, the demonstration
of the existence of which gave Dr. Nansen confidence in

his plan of a drift-voyage, we are on surer ground. The
fact that the " Fram " followed the route which she was
expected to traverse of course proved the main fact that

there was a drift of ice from the Siberian towards the

Grreenland side of the basin. It did not, however, prove

whether the ice was simply drifted over by the wind, or

carried along by a definite ocean current irrespective of

the wind. Wind-drift was, of course, a very powerful

factor, as the curious tangled track of the " Fram " clearly

proves, but when the influence of the wind was eliminated

by considerable periods during which the wind resultant

was zero, a residual drift due to a permanent current was
plainly visible. This permanent current had an average

velocity of 073 nautical mile in 24 hours. That the

permanent current was in the main independent of wind-

drift appears from the fact that the mean rate of the

wind-drift was only 52 nautical mile in 24 hours,

and its direction was substantially different. The primary
cause of the permanent surface current is cousidere<l

to be the volume of fresh water poured in by the Siberian

rivers.

In his discussion of the circulation of water in the

Polar Basin, Dr. Nansen makes very large use of the

deviation due to the rotation of the earth, as it affects

vertical as well as horizontal movements. He employs
this hypothesis in constructing a scheme of the probable

circulation of the unknown parts of the North Polar area,

but points out the uncertainty arising from our ignorance

of the configuration of the American margin of the basin,

which must have a great influence on the movement of

the waters.

Some remarkable relation shijjs are brought out by a

comparison of the oceanograpliical conditions of the North
Polar Basin and of the Norwegian Sea. Contradictory as

it may appear to our natural opinion, the bottom water in

the North Polar Basin is warmer and Salter than that in

the Norwegian Sea at the same depth. Thus, between

Norway and Iceland, bottom temperatures of — 1°1 C. or

lower are obtained, while the coldest bottom water met
with by the " Fram " was only — 0°87 C. Hence it is

necessai'y to assume that the basins of the two seas are

separated l\v a sub-oceanic ridge extending from Spitsbergen

to Greenland. The cold and comparatively fresh East

Greenland and East Iceland jiolar currents are, in Dr.

Nansen's opinion, simply the outflow of the sui'face water

of the Arctic Sea, consisting of Atlantic water freshened

by the Siberian rivers, and containing a quite insignificant

proportion of fresh water due to melting ice.

Much work must still be done in the northern seas

before all the pi-oblems are satisfactorily solved, but the

outcome of the " Fram's" researchesis togive a certain basis

of fact from which a multitude of fresh ideas will spring,

each demanding new and exact observations before it can be

settled. Wt> would much like to see the drift of the " Fram "

repeated, say from Bering Strait, in a vessel fully equipped

for oceauographical work, and we would venture to urge
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tliat this .should be imdertakeii even in fui'e of the iucom-
j.reheusihle fate whieh has hitherto decreed tliat the first

attempt at a new route or method of exploration in the
Arctic regions is always more successful than auy subse-
quent endeavour on the same lines.

Dr. Nanseu has somethini; to say with regard to the
interesting question of the climate of the Arctic regions in
past geological periods. He points out thai the super-
ficial layer of light cold water exercises a cooling influence
on the atmosphere in several ways. If any cliange had
occuri-ed in the courses of the great Siberian and American
rivers, diverting their water from the Polar Basin, or any
change in the configuration or depth of the basin itself,

the cold surface layer might also have disappeared. A
raising of the sea-level by 1000 metres would admit a far
greater volume of warm Atlantic water and mitigate the
climate to a very marked degree, a fall of the sea-level by
even 500 metres would produce a still more ]>ronounced
effect in the opposite direction, and there is evidence that
such changes have occurred in the past Thus Dr.
Nansen's results aft'ord fresh data for attacking the semi-
fossil problem of the cause of glacial periods.

After the perusal of a memoir so full of new facts and
far-reaching suggestions, we come as a sort of anti-climax
to a paper on " Hydrometers and the Surface Tension of
Liipiids," which is included in the volume. The subject
is of importance, because hydrometers have had much to

do with ascertaining the facts as to the salinity, not of the
North Polar Basin alone, but of all parts of the ocean. It

IS a (juestion full of difticulty, on which there exists a
considerable literature, and about which controversies of

some intensity have arisen. Dr. Nansen traces the bad
reputation of the ordinary hydrometer to the caj>ricious

variations of surface tension in liquids which have been
contaminated by any greasy substance, and he describes a
series of experiments resulting in a method of skimming
and cleansing the surface, which enables a hydrometer to

be used with more certainty of a good result than was
before considered possible. We believe that with care in

the >ise of ungreased water-bottles, clean utensils, and
freijuently-washed hands, surface tension may not prove
so formidable a variable as Dr. Nansen's experiments seem
to suggest. However, there is no doubt that the use of

the stemless or total immersion hydrometer recommended
by Dr Nansen promises to simplify the labour, and to

improve the accuracy of density determinations at sea.

He jiroposes to employ a set of cylindrical hydrometers
without stems, one of which, having a specific gravity

very near that of the sample of water to be tested, is

immersed in it, the containing jar being constructed with a
vacuum jacket on Professor Devvar's principle. A delicate

thennometer is also immersed in the water, and the

temperature is raised or lowered by stirring with a closed

glass tube containing ice, or a similar tube containing

warm water, until the float is in exact equilibriimi with
the water. The only reading I'eijuired is that of the

tem])erature, as the weight, volume, and expansibility of

the hydrometer have been previously ascertained.

Tliere is still a great future before oceanography.
Every year demonstrates more clearly the intimate relation

between the temperature cf the sea surface and climate,

and such works as this prove that the temperature of

the sea surface can only be understood by the investi-

gation of the conditions of the mass of the water at all

depths. In some parts of his investigations Dr Nansen
introduces mathematical treatment, which is now fairly

justified by the improved data available for discussion,

and we would commend some of the problems touched

upon to the tutors of Cambridge as not unworthy of

their attention.

STUDIES IN THE BRITISH FLORA.
By R. Llotd Praeger, b.a.

v.—ON AN IRISH BOG.
Leaving the comity road, we strike down a bohereen—

a

" roadling," to use the English equivalent—towards where
the brown edge of the peat bog rises a couple of fields

away. On one side of the lane is a broad ditch of still

brown peat water, which the sloping sunlight brightens to

a rich amber. The ]iatches of brown-leaved Potamoijeton

colunitiis which grow below the surface harmonize well

with the dominating tint of water and soil; and in startling

contrast to these the light strikes on cloud-like masses of

Chara frau'lii', bere quite free from limy iucru.station, and
vivid in their greenness. On the other hand, flat peaty

meadows extend, full of Yellow-Kattlc and Aijrostisvitlyaris.

The Orchids like this ground, and amid the pink and red

sjjikes of 0. maculata and incamata, we see the greeny
white of Habenaria chloroleuca and H. bifolia, and the

fragrant purple pyramids of H conopsea. More sparingly,

in a drier spot, is a colony of the beautiful Bee Orchis

(Ophiys apifera), and the little Frog Orchis (H. riridis).

AVe pass to a flat expanse of almost bare peat, where
Agrostis vulgaris and Riimex Acetosella are only just ob-

taining a hold, and Senecio sylvaficus shifts about season

bv season. This ground is used for drying and stacking

the peat after it has been cut from the neighbouring bank.

The cutting is done somewhat irregularly, and we sur-

mount several successive steps, and rising some fifteen

feet, find ourselves on the heathy surface of the bog. This

portion has slipped and shrunk owing to the drainage

induced by the turf-cutting ; and while the Ling appears

benefited by the change, most of the plants look starved,

and the little pools are all dry. So we push upward and
onward through the heath. Soon brilliant patches of

Bog-moss, or Sphaguiim— green, yellow and crimson — make
their appearance, the surface pools are filled with water

and fringed with Sundews, the cultivated land is lost to

sight behind us. A couple of stunted Birches, Ihe only

break in the sky-line in front of us, give something to

steer for. A Curlew rises with a loud whistle. We pause,

as the Ijubbling water reminds us at every step that we
are now beyond the influence of turf-cutting and drainage,

to examine the flora at leisure.

The plants which form the vegetation here constitute a

very distinct association ; very homogeneous, too, though

limited in variety. Wander as we will, we scarcely

enlarge the plant-list formed in our minds by our first

scrutinising glance. The dominating species, and the one

which gives the general surface its appearance and colour,

is the Ling, Calhina Erica. With it, in smaller quantity,

is the Bell-heather, Erica Tetralix. The great green and
red cushions of Sphaguum form a conspicuous feature. Two
other ericaceous plants, Andromeda Polifolia and the Cran-
berry, Vaccinium Oxycoccus, ap]iear to like the shelter and
cool dampness which those mosses afford ; their struggling

stems wind far into the dej)ths of the Sjihagiiiim, while

their leaves and flowers brighten its surface. Great grey

cushions of a drier nature are formed here and there by
another moss, Rhacomitriam lanuginosum ; some of these

rise three feet above the general surface of the bog.

Almost as abundant as the Ling are two other plants,

the beautiful little Bog Asphodel, Narthecium ossifraguin,

with its golden stiirs of blossom and Iris-like leaves,

and the Club-rush Scirptts cvupitosrM, growing in tufts

with stiff radiating stems, like glorified pin-cushions.

Both the Cotton-grasses, Eriophorum angustifolium and
E. vafiinatiim, are here, though sparingly, and that quaint

erect little plant, looking strangely out of place, is the

Fir Club-moss, Lycopodium iielago. The oozy sinuous
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Iiools art' filled with Sphagnum, and licr« and there with
the Bojj-boaii, Mt'iiyavthen trifollnfu ; the edges of the
].<)ols are luxuriously eushioned with a variegated growth
of Sphaijiium. and these edges are the favourite haunt of
two of those wonderful fly-devouring Sundews, Dronera
roliindi/olia and D. (imjlica. In the shallower pools, or on
bare mud, the White Beak-rush, Rhynchospora alba, grows
in tufts, and its farther-creeping relative, R. fiisca, fills

portions of the pools with an erect growth of bright green
stems and brown inflorescence. These, with some subsidiary
mosses and lichens, complete the flora of our bog.
The conditions under which this plant-group lives are

remarkable. The sj) mgy crust is perennially saturated
with water, which circulates very slowly. In consequence
the soil is badly aerated, and the plant-remains which
form the crust do not become thoroughly oxidized, and
soluble humus compounds remain in solution in the
water. The plants can with difheulty absorb by their
roots water charged with these substances, and thus it

comes to pass that while the bog is physically very wet,
physiologically it is very dry. In the midst of plentv the
plants are actually starving. It is, indeed, a true case of

" Water, water everywhere.
Nor any drop to drink."

E.xactly the same difficulty, it may be remarked, occurs in

salt marshes, where the water is charged with sodium
chloride. In both cases the plants meet it in the same
way, by checking transpiration, and thus saving up the
water which they absorb. Thus they assume characters
similar to those displayed by plants of deserts and dry
I)laces—xerophytic characters, to return to a term which
we have had occasion to use before. These are seen in the
sinallness of the leaves of the Heaths, for example, as
well as in the curious backward-rolled character of their
leaves, as well as of those of the Cranberry, Crowberry, etc.

In other cases the leaves are protected by a thick im-
pervious cuticle or skin, or by a close growth of hairs.

Another peculiarity in the conditions under which the
bog flora grows is that in the water-logged soil there are
no bacteria present, which are so useful in bi-eaking up
the complicated nitrogenous compounds contained in the
dead plant matter ; hence nitrogen as a plant food is

scarce. This may help to explain why the Sundews, which
are essentially bog-plauts, have hit upon the extraordinary
manner of obtaining nitrogenous food for which they are
famous—the capturing, killing and digesting of small
animals.

The flora of our bog has one peculiar point of interest—it is

one of the few plant-associations now to be found which is

absolutely uninfluenced by ubiquitous man and his works.
Over almost the whole of our islands the surface is under
his control ; even on the mountain-to2)s his sheep nibble
the herbage and influence the flora, but here not even the
sheep venture ; the flora, the relative abundance of its

constituent species, their dimensions and form, are purely
natural. The fauna is natural likewise. A few Hares
here find a seciu-e retreat. The lonely Curlew makes its

nest among the Ling, and the alert little Merlin selects for

its breeding-haunt some spot where a mound or high tuft

of moss furnishes it with a look-out tower. But the
leading inhabitant of the great bogs, and the only one
which conspicuously affects its flora, is the Black-headed
Gull. This bird, selecting a remote piece of bog with
numerous pools, forms breeding colonies containing some-
times thousands of nests. The effect on the bog flora is

disastrous. Owing partly to the tramping, and probably
more to the guano, ]ilant after plant succumbs, until from
the most thickly ]io]>ulated spots all are gone. In their

place there springs up a vegetation less exclusive in its

tastes and more tolerant of disturbance and of manuring.

The seeds of these plants presumably come mostly
adhering to the birds' feet, from the pastures and cultivated
lan.l where the Black-headed Gull mainly forages. Tali
clumj)8 of rushes spring up and grasses of several kinds,
and with them Buttercups and Daisies, Chickweed and
Groundsel, and many other weeds—a complete change
of flora such as we seldom find except in connection with
that arch-meddler, man.
We wander back to the edge of the bog, where the turf-

cutters have, in the course of half a century, effected quite
an appreciable nibbling into the vast brown vegetable
mass. The section expo.sed by their operations is

interesting. For a few feet from the surface the peat is

loose and spongy and dries to a yellow colour, and in it we
can detect plentiful remains of the plants which still

flourish on its surface —stems of Heathei-, the far-creeping
rhizomes of the Cotton-grass, and much Sphmjnum.
Below that the peat becomes more decayed, darker in

colour and denser in texture, till at length it is a compact
brown vegetable mud. In these lower layers are numerous
great stumps of trees—Fir and Oak — with far-spreading
roots. The lowest layer of black peat rests with startling

contrast on a band of pure white marl, which in its turn
is succeeded by a tough grey stony clay, whicli we recognise
as the weathered surface-layer of the limestone drift, or
Boulder clay, that is so thickly spread over the Central
Plain of Ireland. Here, then, is a series of deposits which
bridge over the great gap of time between the Ice Age
and the present day—perhaps thirty thousand, perhaps
sixty thousand years. Let us see what light the plant-

remains which may be found in these deposits can throw
on the successive floras that have occupied the surface

during this vast period ; thus we may link the present
with the past, and learn something of the history of our
existing vegetation, and of its ancestry.

During the Glacial period, ice covered a great portion

of our country. The clays and gravels, full of ice-scratched

blocks, often yield also marine shells, and these are largely

of northern and arctic type, betokening very cold seas.

Have any plants of this rigorous period survived, and
what do they tell us ? We may take in answer one of the

interesting series of deposits discovered by the late Mr.
Bennie, in the neighbourhood of Edinburgh. In a cutting

at Corstorphine, lying on Boulder clay, the following beds
occurred in ascending order*:

—

1. Coarse grey sand, with stones. ^ The residue of the

2. Fine laminated clay. ) Boulder clay.

3. Layers of fine clay, mud, or silt, with leaves and seeds

in thin layers, or scattered.

4. Lake marl—a calcareous mud, crowded with the

ordinary lake shells, and felted with stems of water

plants.

5. Ochrey sand and gravel, six to seven feet thick, with

little or nothing organic.

It is this bed 3 to which our attention must especially

be directed. The plant-remains, worked out by Mr.
Clement Keid, make the old flora which clothed Corstor-

phine Hill spread itself again before us. We see low

Willows and Birches and Brambles clustering here and

there, and while some of these still flourish in the district,

others are now restricted to the mountain-tops, and others

a^ain have retreated to within the Arctic Circle. The
Mountain Sorrel and Mountain Dryas, now alpine in their

distribution, are here too, and many plants of moors and

bogs, such as Sedges, Club-rushes, Bog-bean. Marsh
Andromeda, and Crowberry. These no doubt grew around

the marshy edges of the shallow pools, in which the plaut-

* Bennio :
" Arctic Plants of the Old Lake Deposits of Scotland."

Ann. Scott. Nat. Hist., January, 1894.
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ivinains collected. But drier ground was near at hand,

for with these, seeds of some of our most familiar waj side

plants occur—the ubiquitous Chickweed, Buttercups and
Violets, and that

" Dear common fli)wer, that grow'st beside the way,

Fringing the dusty road with harmless gold.

First pledge of blithesome ifay."

—the Dandelion. But the flora is distinctly northern, and
the Arctic plants are indicative, says Mr. Bennie, of a
climate 2i)' Fahrenheit colder than at present—a climate

that would allow the Glacial Period to reisn supreme.
At Hailes, not far away, two plant-beds were found.*

T he lower, resting directly on the Boulder clay, yielded a
fli>ra with arctic Willows, resembling that just described.

Above this lay silts which yielded quite an extensive flora

no longer arctic and stunted, but consisting of temperate
jilants, such as now occupy the country—Oak, Fir, Hazel,

Birch. Alder. Black-thoni. and Bird-cherry ; King-cups
and Catchflies, Wood-sorrel, Meadow-sweet, Valerian,

Eed-rattle, Clipsywort, Bugle, Mercury, and Dock.

The white lake-marl, which underlies our bog, and which
we have seen to overlie the glacial plant-bed at Cor-
storphine, is a deposit widely spread in our islands, and
frequently met with. The passing away of the ice left

the country strewn with ridges and mounds of clay and
gravel, which, interfering with the old drainage, conduced
to form numerous lakes and pools. And as the country
Ix'came again clothed with trees and herbaceous vegetation,

the waters also were colonized by an abundant flora, which
advanced from the south as the ice retreated further and
further northward. Among the plants which flourished

were (piantities of Characew or Stoneworts, many of which
have their stems habitually encrusted with lime, whenever
a sufficiency of lime is dissolved in the water. Various
plant-eating water-snails swarmed in these pools, and also

water-fleas or Eutomostraca, which have calcareous tests.

As generation after generation of these plants and animals

came and went, their limy crusts or shells fell to the

bottom of the pools, and by degrees formed these white

beds of marl. The process may still be seen in actual

operation. Mr. Skertchly foundf that the evaporation of

the water in the ditches of Burwell Fen during the ex-

cejitional drought of 1874 left a white deposit of Chara
remains from two to four inches in thickness. If a sample
of this white marl be examined carefully, the roots and
seeds of Chara may almost always be found, and there can

be little doubt that plants of this genus largely contributed

to its formation. The conditions under which a deposit of

the kind would form are such as still obtain around our
bog. First, the water must be charged with carbonate of

lime— in the great limestone plain of Ireland it is difficult

to find water that is not ! The water must be clear, for

Charas do not favour muddy pools ; and the pools must be

of moderate depth. To judge from the wide range of

these marls, such conditions must have been frequently

fulfilled in the post-Glacial lakes. The marls are ])oor in

plant-remains in general. The still clear waters in which
they were formed would not receive seeds and fragments
of the shore vegetation in the ordinary course, as would a
turbid pool through which a stream ran : and the material

itself is far less fitted to preserve plant-remains than beds

of fine silt. Nevertheless, in a sample of the marl taken

not very far from the spot where we now in fancy stand,

Mr. Clement Iteid found+ seeds of Water-buttercup,

• Clement Reid :
" Origin of the British Flora," p. 72-74. 1899.

t JUeiii. Geol. Survei/ England and Wales: Geology of parts of
Cambridgeshire and o/Suffolk, pp. 98, 99. 1891.

X " On tlie Origin of Migaceros-marl." Irish, Naturalist, IV., pp.

131, 132. 1895.

Milfoil, Shore-weed. Club-rushes, Sedges, and two Pond-
weeds, all being plants, it will be noticed, that would grow
in the pool or on its edges. Water-snails, which delight

in clear limy waters, were abundant in these old lakes,

and their shells sometimes form a considerable portion
of the deposits. Several species of Limniea, Succinea,
and Valvata are often present in numbers, and also repre-

sentatives of the genera Sphxriiun, Planot-bis, Phijsa,

Bythinia, Pisidinin, &c., all being species which are still

abundant in our ponds ; so that the fossils, both vegetable

and animal, point to a climate hardly distingui.shal)lc from
that which now obtains, and to a flora and fauna closely

resembling the present. One characteristic fossil of these

Irish marls has, however, yet to be mentioned. It is in

these deposits rather than in the peat which overlies them
that the remains of the Great Irish Deer, Cervus giyanteua,

commonly known as the Irish Elk, occur, often in surprising

quantity. This splendid animal stood as much as 2l

hands, or 7 feet high, and its antlers measured 10 feet

or more across ; it attained an abundance in Ireland

unequalled elsewhere in its range, which stretches chiefly

over northern Europe (though reaching as far south as

Italy) into Siberia. In the old bed of one small lake

among the hills of County Dublin, over one hundred heads

have been obtained. Appearing in these countries after the

Great Ice Age, this noble animal must have been roaming
the plains in thousands at the time when the slow accumu-
lation of limy sediment was forming these white marls

;

ere the forest period which succeeded had arrived, the

Great Deer had vanished from the face of our planet.

Thus have we briefly sketched, by means of the plant-

remains embedded in contemjiorary deposits, the history

of the flora of our country, from the repeopling of the land

on the departure of the ice to the time when many of the

lakes which formed on the surface of the Boulder clay had
silted up. Immediately overlying the white marl in the

turf cuttings of our bog are the lowest layers of the peat

which rises full thirty feet in thickness. The history of

the bogs—their birth, life, and death—must form the

theme of a subsequent chapter.

COLLECTING, PRESERVING, AND
MOUNTING ALG>E.

By Henry J. Foster.

Many microscopists would be glad to be acquainted with
the best methods for collecting, preserving, and mounting
as microscopical specimens, the beautiful varieties of marine
and fresh-water Algaj, and the information that it is here

proposed to give will, it is hoped, enable this to be done.

It will be found desirable to combine both the marine
and fresh-water varieties in collections, for in their

botanical arrangement according to structure and modes
of growth, the steps in the scale of nature towards higher
forms are independent of the accident of habitat. The
exquisite structure, differing in every species, causes these

subjects to be of especial interest to the microsco])ist, and
that interest is immensely increased when he has collected,

prepared,and mounted the specimens for himself. Although
it is eminently desirable that classification and nomen-
clature should be attempted, it is of course not an essential

;

but there is little doubt that preliminary observation will

ultimately lead to fuller investigation, and perhaps to real

study.

Marine Alga;.—If the collection of these specimens
is to be an object in a visit to the seaside, it will be well

to choose for preference a rocky and perhaps somewhat
bleak coast, where there is an abundance of rock pools.
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The low sjiiidy shore or flat muddy estuary, thou>^li

yielfling their pcculiiir species, are not by coraparisoii to

be considered.

Mr. Geiirj,'e Murray in his introduction to the Study of

Seaweeds "fives the foilowinf,' information regarding (he

three colours of seaweeds :
—"As a general rule the inshore

seaweeds near high-water mark are green iu (olour like

land vegetation, and lower down between tide-marks thert^

is a belt of olive forms siieltering red plants beneath them.
Where rocks overhang the bottom and in small pools these

red forms also occur at this level. At extreme low-water

mark and beycmd it are found the brown tangles sheltering

red forms again, while at the lowest depths of plant life in

the sea the red forms occur without shelter."

The collector should provide himself with some small

tin boxes, such as are used by botanists, and these should

contain little oiled silk bags in which to place the speci-

mens; or an ordinary water-proof sponge bag hung on the

arm is a good vecej)tacle. A strong short chisel, firmly

iixcd at the end of a stout stick of alpenstock pattern, and
having at the other end a small net, is also necessary, the

fonner to dislodge pieces of weed from shells or rocks

otherwise beyond reach, the latter to catch floating

specimens. The stick will also be found useful as a
sujiport when on the rocks, for it is here when the tide is

at its farthest that he will have to search for his treasures.

They will be found in the little pools aliout the rocks,

some growing on pebbles, others on shells, while some will

spring from the rock itself. After a storm is a particularly

propitious time for search to be made along the shore, for

tufts will frequently be torn from inaccessible regions,

while at other times a variety of specimens will be found
thrown uj) by the waves and stranded on the beach. The
waste of a fisherman's haul should also be examined.

Specimens thus secured may be preserved in sea water

without deterioration, and in particular Delesseria alata,

Polysiphonia, Callithamnion, and Bryopsis ulva thrive well

in aquaria. The collected material should be placed in

transparent receptacles, such as glass jars, so that they

may be readily examined.

Marine Algae make particularly good dried specimens,

and the method to be adopted for preserving them in this

manner is as follows :—They should be thoroughly washed,
lirst in salt water and finally in fresh water. The speci-

men should then be placed iu a shallow dish, and a sheet

of drawing paper gently placed beneath it as it floats in

the water; the paper may then be gradually drawn ujj and
the specimen thus lifted in its spread out condition. The
specimens so arranged should then be carefully covered

with drying paper, and botanical pressure boards or a board

with a considerable weight upon it should be used, the

papers being changed frequently until the sj^ecimens are

quite dry.

It has to be remembered that the dried specimens rarely

retain the beautiful colours of the living plant. In many
cases the chlorophyll granules are embedded in the

pigments of various colours, and are sometimes almost

indiscernible.

On the death of the plant these colouring matters

frequently undergo a change, and much of the beauty of

the specimen is thereby lost.

The process of mounting marine AlgK for the microscope

is <]uitf simple, and with care and practice the work can

be done with great facility. The modus operandi is as

follows : —The weed should be well washed in the same
manner as for dry mounting, and the portion which shows

the most interesting structure—fructification, etc., if

possible- should then be removed with a shar|i i>air of

scissors and transferred with the forceps to a 3 by 1" slip

It is then carefully drained of superfluous water by a

eloih placed close to it to absorb the moisture. It must
not, however, be allowed to get jterfectly dry.

The best medium for mounting is Deane's gelatine,

wliicli is reduced to a fluid condition by placing (he bottle

containing it in a Ijath of hot water The slips should
now be very gently warmed, and a small <|uantity of the

medium transferred, by means of a warm glass rod, from
the bottle to the slip. The amount of medium should
b(' just sufficient in quantitj' for a ^" circle to cover

comfortablv.

The cover-glass having been warmed in a spirit lamp
flame on the side which is to be away from the specimen,

is gradually tilted down on the specimen and the slide set

aside to cool, the exuded gelatine being removed when
hard by means of a knife and a ]>iece of soft sponge
dipped in warm water, nnd used as rapidly as posfible.

It may subsequently be finished with any of the varnish

cements.
For travelling purposes the majority of (he specimens

may be safely carried in wide-mouthed bottles with w^ell-

fitting corks, and many species will keep tlius for months
or even years, but some delicate specimens, such as

Callithamnion corymbosum, Sphondylothamnion niulti-

fidiura, and Mesogloea, are best kept in glycerine until

required for mounting, the glycerine being washed ofi

beforehand.

The corallines are red sea-weeds whose tissues are

hardened by chloride of lime. Before mounting they must
be cleared by washing in a weak solution of hydrochloric

acid, or, better still, by using Perenyi's decalcif3ing fluid.

Fbesh-watee Alg^. — The majority of specimens
when collected require to be placed and carried in water,

necessitating that the collector shall take with him some
well-corked wide-mouthed bottles.

One of the most generally useful arrangements for

gathering specimens is one of the collecting sticks sold by

opticians, which is provided with net, bottle, cutting hook,

drags, etc. These various fittings enable all lands to be

taken—the free-swimming Vofvox, the floating Spirogyra,

and the Desmids and Diatoms, which may be found in the

mud at the bottom.
It will often be found convenient to concentrate

gatherings, which may be done by stretching a piece of

fine muslin across a bottle, superfluous water being drained

away and the specimens retained, and all placed in one

instead of several bottles.

To preserve fresh-water Algae, it will be found advan-

tageous to shield them from direct light by tying a stiff piece

of green paper round the vessel in which they are contained.

In mounting these specimens for niicrosi'opical examina-

tion, the same jjrocesses may generally be adopted as for

marine Algas, excepting that of course the salt-water

washing is omitted, but the delicate structure of many of

the species necessitates their being mounted in a cell. The
medium that has proved most generally satisfactory is

Deane's gelatine, thinned with camphor water, or with

distilled water containing a trace of pure carbolic acid. The
gelatine keeps the medium from evaporation, and is easier to

use than an ordinary fluid. Some species, such as Entero-

morpha, may be mounted in the Deane's medium without

dilution. Spirogyra and Volvox are better mounted with

Deane's gelatine 50 jier cent., and thinning material for

the other half. Spirogyra may also be mounted in dilute

alcohol, and this shows up the nucleus, although the colour

suffers.

Specimens mounted in fluid or semi-fluid media should

be sealed up immediately in order to prevent evaporation.

This is best done with a ring of Hollis's glue, and care

shoulil bp tnken to finish with a sufficiency of varnish to

prevent all chance of evaporation at later periods.
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Conducted by M. I.Cro§§.

PoxD-i.iKE Coi,i.i;CTiN(; IN Skptemher.— Ill normal years

many of the drieil-up pomls begin to Kll up again in September,
and become then most prolific in Infusorian and Rotiferous life,

because the disturbing Crustaceans, Cyclops and Cladocera,

have been to a large extent eliminated. But also in larger

ponds and lakes, which do not dry up, the Crustaceans decrease

in numbers and give the Rotifera and Infusoria a fresh chance
of increase. The following free-swimming forms m.iy often be
collected in immense numbers by means of the (^hieketter's

collecting net and bottle : AspUinrhna priodoiHa, iiitermedia and
hriiililiiel/i ; Triarllini Ittngiteta : Poli/dithra ])l<iti/j)le.r(i ;

Si/ncliiwta pectiiiata, Iri'iiiulu and <:h/iiiif/ii : Aiiurnd aruleiita

ntul fochteari'i ; Hidchiunus angularis : Peilnlion minim ; Coiio-

cliihix unicornis ; and the much rarer Floscularia pelvi/ica. Of
the fixed forms Limiiia-s reratoplnjlli and anmdutus, Cephalo-

siphon limnia.':, Lacinidaria socialix, .Uelicertii r/ni/i'n.f and
r-mi/era should be looked for on submerged water plants, such
as Anacharis, Ceratophyllura, Nitella, and on the rootlets of
Duckweed. Polyzoa such as Plumatella, Lophopus, Cristatella,

should be found in abundance in disused canals and backwaters
of rivers and the larger lakes, from which they should be

dredged with a loaded hook and line.

It may be taken as a general rule that all the more interesting

forms of Pond-life become more abundant in September, pro-

vided only the weather is not too hot, but tempered by rejieated

showers to fill the dried-up ponds with a fresh supply of rain

water.

Microtomes.—The selection of a microtome is largely

dependent on the description and quality of the work that it is

proposed to do. The majority of amateurs find their aims
SJitisfied with the ordinary well microtomes which are made in

numerous forms : and for those who do occasional work, and
that not of the finest kind, in which sections of extreme tenuity

would be essential, these are undoubtedly good and satisfactory.

Further, ability to cut sections of a certain kind with them
is easily attained ; but to do the best that is possible with them
requires as much practice and experience as is necessary for the

acquirement of facility in any other line.

There is, however, a limit to the capabilities of these micro-

tomes even in the hands of the skilful and trained manipulator,

and it is beyond this that resort has to be made to one of the

more complex forms of microtomes, of which so little is known
outside laboratories. It is proposed therefore, in a brief way,

to mention some of the leading forms of microtomes, and their

special features.

Of English make there are but two microtomes that have a
right to be reckoned as of the first rank ; one is the well-known
Cambridge Rocking Alicrotome, made by the Scientific Instru-

ment Co., of Cambridge, and the other is the " Uelepine,' made
by Messrs. R. & J. Beck. The former is designed especially

for the cutting of tissues of small size embedded in paraftin

wax, aud for that particular purpose it has probably no superiors,

and when once its ]ieculiarilies and ])ossibi)ities have been
thoroughly gi'asped, it is capable of work of the highest class.

The " Delepine " Microtome, which has been made by Jfessrs.

Beck to the suggestions and designs of Professor Delepine, is

intended specially for the cutting of frozen tissues ; it is of
substantial build and excellent design.

Beyond these, it is necessary to go to the Continent for our
wants to be supplied, and all of the makers, which are very
limited in number, make instruments which have special points

of value for different workers. Some of them are famihar to

the ordinary microscopist through their inclusion in English
microscopic catalogues, but there are otliers which are rarely

heard of, and are deserving of consideration.

One of the cheapest microtomes tluit can be considered of a

practical description is that made by Schaiize, of Leipzig. The
jaws will hold an object IJ inches by J inch, and the object can

be orientated and fixed in any position. The knife-holder guides

consist of three raised rails 7 inches long. Provision is made
for the measurement of the thickness of the section by means
of the micrometer screw, which is of good construction. The
price of this complete is Sits.

Next to this is an exceedingly efficient instrument by Jung,

of Heidelberg (his catalogue No. 11'.)), which is provided with

an automatic raLsing arrangement to the object holder of very

ingenious description, the knife being brought into action by a

swinging movement. It c^in be used both for embedding and
freezing. The price of this in case complete is oOs.

The same maker is res]ionsible for the Rivet Model Microtome,

which is considered one of the most generally useful and best

machines by a large numlier of workers. In this, the knife

moves in a horizontal plane, and the object in an inclined plane.

The accompanying figure gives a diagrammatical view in section

of this microtome.

D is the base of the microtome.

C is the central support.

The V guides formed by AC and BC have projecting friction

surfaces ; while the two blocks O and K, the former the object

carrier, the latter for the knife, have fine ivory points where

they make contact with the guides.

The Y fitting BC is inclined one in twenty, and, obviously, as

the block O is caused to move along the groove, the object is

raised. A suitable vernier is fitted, which gives exceedingly fine

readings for the travelling imparted, which may be effected

either by micrometer-screw or hand.

(To he continued.)

Measuring Apertures of Oimectives.—It is generally

supposed that the only suitable means obtainable for measuring

the apertures of objectives is the apertometer made by Zeiss.

Truly, this does work efficiently, yet even with it, marked
discrepancies frequently occur between the results obtained by
independent observers, and it seems to be pecuharly difficult to

secure uniformity, especially with dry objectives having large

back lenses and oil immersion lenses. Accuracy with this, as

with many other instruments, greatly depends on experience

aud practice.

The apertometer itself would be so very rarely used by the

ordinary worker that it is not considered a necessary adjunct,

added to which its expense is in itself an obstacle. This is

pointed out in an extremely useful paper by Mr. H. F. Angus,

which appears in the ,/«»/»<// of the Quekett Microscopical Club

for April, VM2 : and he further i>roceeds to suggest ways and

means for ascertaining the apertures of dry objectives with very

simple means.
The most practical is probably the protractor apertometer,

which consists essentially of an ordinary semi-circular protractor

mounted vertically on a base with its diametrical edge towards

the objective, and having attached to its circumference two
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raov.iblo pointed indicators. Tho following is the method of
iisin;,' it :

—

A silvered covor-glass is attjiched to a piece of glass the thick-

ne.HS of an or<linarv slip, the centre of the silver being removed
for an apoiture of about one mm. The objective is focussed
on the centre of the disc, and if the eyepiece then be removed,
the whole of that part of the protractor which the objective
takes in will be found to be visible at tho back of the objective,

and if the pointers be set to the edges of the field the reading
cjin be tiiken. As, however, the image seen will be small, it will

be neces-ary to enlarge it, and this may be done with a
su])plementary lens, jjlaced at the lower end of the draw-tube,
replacinfj the eyepiece and focuss-ing the image by means of the
draw-tube, the moving parts of the microscope being held the
while to prevent the objective from being shifted out of focus
on the disc.

The lens at the lower end of the draw-tube must be a low
power one, such, for instance, as the posterior half of a 2-inch
objective. The angular reading thus obtained can be converted
into numerical aperture by reference to the tables of compara-
tive angles and N.A., which are to be found in nearly all text
books, or by using a table of sines.

It should be mentioned that this system is obviously applicable
only to dry objectives, but a ready way of approximately
ascertaining the aperture of an oil immersion objective is by
placing a piece of tissue paper over the front of the objective,

holding it towards the light, and looking through the back lens.

If the aperture of the objective exceeds I'll X.A., there will be

a central annulus of light surrounded by a dark zone ; and the
greater the width of the dark zDiie, the more does the numerical
ajierture exceed 1().

The article, in addition, gives some interesting and valuable
information founded on a rational basis regarding the proportion
of diameter of stop to be used with the condenser to produce
background illumination, with a given objective.

NOTES AND QUERIES.
Getil. Warratiil.—The gentleman who acts as consultant re

Rotifers replies as follows :

—
" I am sorry to say I cannot give you

much information about the feeding of Rotifers and other forms
of pond life, as I have never been very successful myself. I have
kept Melioerta for about three mouths, and Stephanoceros for

two, but that is about all. I keep my bottles filled with water
from a rain tub in my garden, and occasionally put in a drop or

two of 'soup' made by pulverizing some Anacharis in water.
I do not think an infusion of hay is the slightest use for the
purpose."

-4. ,/. R.—(1) The best condenser for your purpose will be
either Baker's achromatic small-sized condenser with a back
lens of 22 mm. diameter, or Watson's "Universal." The former
is ])robably the more suitable for your work, because it is more
useful for iow-power objectives with the top lens removed than
the latter. (2j A i-inch objective by any of the leading makers
will give you satisfaction. (3) There are several other processes

in the preparation of an insect as a micro object. You could
probably gain the information you require from any of the
books on mounting objects. (4) The 1-inch objective and "B "

eyepiece is the most generally useful for examining crystals
with the polariscope.

C. .1/.— I have submitted your drawing to consultants, and, so
far as can be ascertained, it is likely to be that of the Common
Phantom Larva, Corelhm. phimicornis. I am much obliged for
your kind otter, but the delay that necessarily occurs in replying
to queries will probably preclude your gathering them.

F. C. P.—Synapta is a genus of vermiform Echinodermata of
the order Apoda. Anchors and plates serve to aid in locomotion,
adhesion, and, it is supposed, for impaling food. The species
with these plates, &c., are usually of foreign origin.

Communications and enquiries on Microscopical matters are
cordiaUy invited, and should be addressed to M. I. CROSS,
KNOWLED(iK Office, 326, High Holhom. W.C.

NOTES ON COMETS AND METEORS.
By W. F. Denning, f.r.a.s.

Swift's Comkt (1895 It.).—This faint comet was discovered in

Pisces on 1895, August 20, and observed for several months. Elliptical

elements were computed for it by Berbcrick (period 7'0o years),

Boss (period 722 years), Schidhof (period 7'19 years), ami others.

Scliulhof's period is liable to an uncprtainty of only 15 days The
return of the comet is shortly expected, mid the followinf; ephcmeris
has been computed by F. K. Scagi-ave, though the conditions are not
favourable :

—

DIstiince
K.A. Dec. in Millioiui

II. M. 8. ° ' " of Mites.

September 2 ... 10 15 55 - 17 6-1 88 115
10 ... ]« 31 10 - 18 46 21 116
17 ... 16 47 55 - 19 34 56 117
24 ... 17 6 1 - 20 18 28 117

October 1 ... 17 25 21 - 20 55 10 118
8 ... 17 45 51 - 21 23 23 118

Thus the comet pursues an easterly course from Scorpio to

Sagittarius.

Heuve Fate.—The death of this eminent French astronomer
occurred on July 4th, at the age of 88 years. Born in 1814, Faye's
early inclinations led him to the pursuit of astronomy, and on the
initiative of Arago he became an assistant at the Paris Observatory.
On 1843, November 22, he discovered a small comet nith a fan-

shaped tail in the northern region of Orion, and it remained visible

imtil 1844, April 10. Dr. Goldscmidt, of Gottingen, and others, com-
puted the orbit, and found it an ellipse of short period (7^ years).

M. Le A'errier predicted that the comet would return to perihelion on
1851, April 3, and the prediction was accurately verified by the event.

M. Faye was better known as an astronomical writer than as a
telescopic observer, though his name has long been familiar to us by
its association with one of the most notable and best known of our
short period comets. It last returned to perihelion in March, 1896,

and its next apparition will occur in the autumn of 1903.

Brilliast FrBEBALL.—One of those vivid meteoric apparitions

which now and then startle observers who are little prepared fcrsuch
spectacles was presented on Sunday night, July 13th, at lOh. 30m. p.m.
The firmament seems to have been clear generally, and the descen*.

of the fireball was witnessed by a great number of persons. The
position of the object was over the Straits of Dov. r, so it was
seeu in the S.E. sky, the direction of course varying somewhat
according to the station. Numerous descriptions of the phenomenon
have been published in the newspapers, but 19 out of every 20 of

these afPord no usef id material for computing the meteor's real path
in the air. Most of the spectators content themselves with alluding
to its sudden and dazzling lustre, to the serpentine trail which
lingered for many seconds after the flash, and to the general direction

in which it appeared, but give no exact information as to the path
traversed. Fortunately, however, a few of those who saw the object

were astronomical observers, who recorded its chief features, and
amongst these were Mr. W. E. Besley, of Clapham, S.W., Mr. E.
Holmes. Hornsey Rise, N., Mr. T. Crumplen, Hungerford Road, X.,

Mr. E. Rabone, Highgate, N., Mr. E. W. Barlow, Surbiton, Surrey,

Mr. W. H. Maw, Outwood, Surrey, Lieut. -Col. Tupman, of Harrow,
and the writer at Bristol. It is not essential to give the descriptions

in detail, nor can space be afforded for the purpose, but it may be
briefly stated that as seen from London the meteor was projected on
the sky in the immediate region of the stars forming the constellation

Delphinus. Mr. Beelcv, at Clapham, S.W , recorded the path as

from 311° + 21° to 3101° -H 1(5J°, while Mr. Rabone, at Highgate, ^..

put it as 3121° -H 14° to 312J° + 11°. At Bristol the -nTiter registered

it as 329J° -H 12° to 332° -^ 8°. The meteor was seen at such distant

places as Liverpool, Shrewsbury, Aberdare, and Moreton Hampstead,
Devon. Comparing the best observations the radiant point is indicated

at 315° + 31"^ near ^ Cygni, and the meteor fell from 89 to 51 miles

from E. of Boulogne, France, to E. of Dungeness, coast of Kent. Path
51 miles, and velocity about 26 miles per second. Had the meteor
been able to withstand disruption it would have fallen upon the earth

near Uckfield, Sussex. Mr. Besley has also determined the real path,

and finds that the meteor descended from a height of 86.V to 52^ miles

over 11 miles W. of 8t. Omer, France, to 11 miles AV. of Cape Oris

Kez. Length 45 miles, velocity 22i miles per second. Radiant
316° -I- 30". The fireball had rather a short path, and it seems to

have been isolated, for no other meteors belonging to the same radiant

were seen by the writer at Bristol, either on Jidy 13th, or on the

clear nights preceding and following that date.

Fireball op July 15th, 9n. 32m.—Though less brilliant than the

fireball of July 13tli, this object was conspicuous from its long (light

and slow motion. It divided into two near the end of its course.

Directed from a westerly radiant in Libra, at about 236° — 12°, it

passed over the counties of Essex and Suffolk, descending from 60 to

38 miles in height. Its luminous course was about 51 miles long and
velocity 17 miles per second. This real path was computed by Hrof.

A S. Herschel, who fortunately observed the meteor from near

Windsor, and recorded it« flight 'as from 303° +33.;° to 3 VA" + 30J°,
and its duration as three seconds.
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THE FACE OF THE SKY FOR SEPTEMBER
By W. Shackleton, f.b.a.s.

The Sun.—On the 1st the sun rises at 5.12 a.m., and
sets at 6A7 p.m. On the 30th he rises at 5.59 a.m., and
sets at 5.41 p.m.

The equinox occurs on the 23rd, when the sun euti-rs

the nigii of fjibra, and Autumn commences.
The first and second ihiys of the month are good days

for employing tlie sun to get a meridian line or other similar

purposes, for then the equation of time is negligible, the

sun being with the clock.

rhe Zodiacal Light may be looked for in the west after

sunset.

Sunspots are very scarce.

The Moon :

—
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G. Wouilcock.—ln No. 2. 1. 11 to Q8 .seems to he

answered by 1. . . . B « Kl, 2. Q to Qdch, K to B4 (!).

J. C. r<iH.7_i/.—Thanks for the ].rol)l<'ms. If found
eorrert tbey will ai)pear during the winter.

Note on Prohhni No. !».—My decision last niiuitli liiat

the duals in this problem were different duals, because
they resulted in different mates, was, perhaps, too hasty.
As a matter of fact, the stipulation as to the Chess- Editor
being the sole judge as to repeated duals was intended
i-atlier to apply to the case of a (bial in one variation, and
the same dual plus a triple in another But the argument
in the present case that the dual continuations are the
same (the solver having nothing to do with third moves)
seems unanswerable. I must e.xpress, therefore, mv
regrets to W. Jay, J. W. Dawson, and H. Myers, for
having to deduct the extra point scored to them last
month.

AVith regard to the judging of the problems, I expect
that it will be found necessary to invite the co-operation
of those solvers who fail in one problem only, with
jierhajis the stipulation, in fairness to the composer, that
the unsolved problem in each case shall be ]>laced high on
the list of the judge who was defeated by it.

[Septrmbeb, 1902.

PROBLEMS.

No. 13.

" Leonard."

Black (5^

White (8).

White mates in three moves.

No. 14

Knowledge rather than choicj gold.

Black \it,

k
^9

ill
Wi iP W/if

mm.

AVhite mates in three moves.

No. 15.

V^arietv charms."
Black (1i)|.

9 'WW

m.
:... M mm m m^ Wa fM
^ii^s^ i

i ?,.i- fell «^
_

^iS:^ ill fm. ill

Whitk (81.

White mates in three- moves.

CHESS INTELLIGENCE.

The prize-winners in the International Tournament at
Hanover, concluded on August llth, are :

—
1. D. Jauowski,. ]3i

2. H. N. Pillsburv 12'

3. H.K.Atkins 11 i

4. J. Mieses ll"
.5. .1. N. Napier 1

J. Wolf j
^^

7. M. Tchigorin 9
8. Dr. Olland Sf

The other competitors were F. J. Marshall, J. Mason,
I. Gunsberg, C. V. Bardeleben, Cohn, Suchting, Gottschall,

Lewin, Popiel, and Swiderski. It is only fitting that

Jauowski and Pillsbury shuukl fill the first two places,

but Mr. Atkins' position, only half a point behind Pillsbury,

in this his first appearance in a master-tournament, is a
most encouraging sign for English chess. M. Tchigorin
recovered somewhat after a very bad start, but Messrs.

Marshall. Gunsberg, Mason, and V. Bardeleben, played
much below their form. The entry was not nearly so

strong as had been expected, and a master-tournament
without Lasker, Maroczy, Tarrasch, Schlechter, Blackburne,
and Teichmann, cannot by any means be considered rejue-

sentative. Mr. E. Loman obtained 6t.h prize in t'le minor
tournament. He recently lost a match with Mr. C. H.
Sherrard by 4 games to 1, with one draw.

It is probalile that the number of players in the North v.

South Correspondence Match next autumn will be increased
to l.'JO aside. The South have already found more than
this number of would-be competitors, and it is probable
that the Northerners will prove equally keen.

A 11 manuscripts should be addressed to the Editors of Knowledge, 326, High
Holhoru, London ; they should be easily legible or lypewritteu. All dingranis
or drawings intended for reproduction, should be made in a good black
medium on white card. While happy to consider unsolicited contributiou.s,
which should be accompunied by a stjimped and addressed envelope, ttie

Editors cannot be responsible for the loss of any MS. submitted, or tor delay
in its return, although every care will be taken of those sent.
Commanications for the Editors and Books for Review should be addressed

Editors, K.NOWLEr>OK, 32-i, Hitrli Holborn. London.

For Contents of the Last Two Numbers of "Knowledge," see
Advertisement pages.

The yearly boimd volumes of Knowlkkoe cloth gilt, 8s. 6d., post free.

Biudinff Cases, Is. 6d. each : p-t.st free, Is. 9d.

Subscribers' numbers luMuid {including case and Index). 2s. 6d. each volnnie.

Index of Articles and nius-trii-tiona for 1891. 1892, 1894, 1895, 1896. 1897, 1898,
181W, UHUI, and hKll can be supplied for 3d. each.

All remittjinces should l*e made payable to the PubUsher of " Knowlbdos.**

" Knowledge' Annual Subscription, throughout the world,
7s. 6d., post free.
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THE ORIGIN OF SPECIES IN SOCIOLOGY

By .J. CoLi.iKU.

SocioLOGicAi, species consist of family types, forms of

gdverumcnt, industrial and ecclesiastical organizations,

giiines and sports, inannei's and fashions, languages, senti-

ments and beliefs, philosophies and sciences, literatures

and arts. They possess all the characters of vegetiil and
animal species, and have the same kind of reality. They
transmit those characters from generation to generation.

Tliev yet develop in definite directions, from a less to a
gi-eater degree of perfection. They liave a local habitat,

even when it belts the world. They battle with one
another for existence, and the fittest survive. They have
likewise peaceful intercourse with one another, and exhibit

all the phenomena of cross-fertilisation. What concerns

us now. they spring up as new species of animals and
plants spring up. The law of constant variation in all

species and in every organ is as operative in sociology

as in biologv. Some slight accidental or involuntary

modification of an existing usage hardens into a practice,

from individual and private becomes public and general,

and in course of time assumes a shape wholly unlike its

first form, and i^erhaps contrary to the intentions of its

originator. We shall give a few examples from various

brandies of sociology :
—

1.—The origin of the feuilal system, as it has been
infelicitously termed, was the crux of constitutional

history throughout last century. Reeves, tlie historian of

English law, asserts that two statutes enacted by William
the Conqueror definitely establislied it all over England.

Tliat is an examyjle of the doctrine of special creations in

history. No accredited writer would now express himself

so loosely, but it is a specimen of hundreds of opinions

that still prevail about tht! origin of social institutions.

When the theory of special creations has been dislodged,

its place is taken by the hypothesis of social deluges and

caia<-lysms. The eminent German or Germanising writers

wIk) have lately reconstructed the constitutional history of

tlie Middle Ages—Waitz, Roth, von Maurer and Sohm,
Freeman and Stubbs—explain the origin of sociological

species as Cuvier explained the origin of animal species.

Feudalism was the outcome of what a scholar like Brachet.

with the uniform development of the French language

before his eyes, does not hesitate to call " the immdations

of the fiftii century." The invading Germans took

possession of Gaul, England. Spain, and northern Italy as

conquered countries. In each they found thousands of

farmers in occupation of the soil. Exercising the right of

eminent domain claimed by all conquerors, they confiscated

the entire fee simple, and converted the occupiers into

serfs. Certain usages, the benefice and companionship,

were trans]5orted bodily from Germany, and formed the

pillars of the new social system. A whole set of national

institutions was submerged, and a complete new set was

founded on their iiiins. To the anthropologist and the

antiquarian this revolutionary theorising has long been a

stumbling-block, and to the sociologist foolishness. The
new school maintains, on the contrary, that there were no

real invasions. Small commandoes (sometimes coalescing)

filtered across the frontiers and slowly blended with the

native populations. There were neither victors nor

vanquished. The Germans came on the invitation of the

Roman rulers, and were gradually Romanised. They
scarcely changed the ethnical composition of the various

peoples, but at the most reinforced the blonde long-headed

element. The political transmutation was slow and im-

perceptible. No new rrfjime was founded. There were

no radical changes in the status of jiersons or property.

There was no exproi)riation. Nevertheless, between the

fifth and the ninth centuries, a slow transformation of

manners, usages, and ideas took place throughout western

Europe. Founded by no public laws or degrees, but built

up stone by stone as the result of hundreds or thousands

of isolated private acts, turning insensibly into habits

which were at length firmly rooted, that astonishing feudal

structure was reared which it took the energies of a whole

])eople to overthrow in 1789.

We can here follow this very complex evolution only along

a single line. What was the origin of one of the most

characteristic features of feudalism—medieval serfage:'

No article of the Digest, no law of the Codes, no account

by any historian records its birth. Serfage was formed
slowly, obscurely, and without being observed. It began

as a slight variation of existing usages ; its first rudiment

was a tiny germ deposited in the bosom of ancient slavery ?

The late Fustel de Coulanges detected its rise in a brief

stat«,'ment made by an ancient Roman writer on agricul-

I

ture. The voluminous Varro alleges that the master who
'• was satisfied with a slave sometimes granted him a piece
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of laml, f()^'i>thor with a flock of shoop or a herd of cattle.

A Servian story of Sacher-Maaoch's sngfjests that such a
donation may soinctimes have been made as the dowry of

a dis(.'ardfc>d mistress. Varro adds (and the adililiori is

important): " bestow on him this boon; lie will be the
more firmly bound to your domain." This short reference
contains in summary the chief rules of medieval serfage.

The slave was allowed to live apart, to till the field that
had been assigned him. to tend his flock or herd. He
was still obliged to labour on his master's est«ite some
days in every week ; aud this provision differences Roman
serfage from Greek or German, but identifies it with
medieval serfage, and seems to prove the affiliation. The
rest of the time the slave, thus segregated from the trooj),

was his own master, he was to that extent a serf, no
longer a slave, bis plot was held by a tenure.

The serf, whose humble beginnings we thus witness,
soon acquires a more defined status. The jurists of the
second and third cent\irles mentionthe slave who pays a
due to the proprietor, like a farmer. Ulpian even names
him a quasi-farmer. The jurist Paul signalises the slave
who tills land at his own risk, aud pays a rent fixed in

advance. Two other jurists speak of a "lease of land"
made to a slave.

The status of the individual was not changed. He was
still legally a slave. He had no rights as against the
master ; the plot could at any time be resumed. At his
death the owner did resume it. The slave's children could
not inherit it. Nevertheless, the master found it to his
advantage to leave the slave in occupation of it ; he worked
harder on land that was almost his own, and it yielded a
larger return. When the slave died, it might be also to
the master's advantage to leave his family in possession of
it. The servile tenure would thus become permanent, and
almost hereditary.

At the end of the third century a new step was taken.
A fresh roll of all throughout the empire who were liable

to pay the land-tax was compiled. Finding many slaves
settled on land, and residing in houses by themselves, the
enumerators enrolled them as servi ascripti—inscribed or
enrolled slaves—the manifest ancestors of the " serfs
ascribed to the glebe," or serfs of the soil, who bulk so
largely in the medieval rolls. To register them, though
it may have increased their burdens, was to make a legal
recognition of their status, and give them a title to the
occupation of their land. The law took another step : it

forbade a master to sell his slaves unless at the same time
he sold the land which they cultivated, nor could he sell

his land unless he sold his slaves along with it. A familv
of slaves was thus allowed to live for several generations oil

the land originally assigned to them ; insensibly they came
to be looked upon not as slaves of a master, but as serfs
of the soil. It was a great advance. The serf had a house
of his own and a family. He was almost a freeman, and
might well believe that he was one.

Cultivators of this class doubtless received larce
accessions as the German immigrants crowded into Gaul.
Many also of the smaller proprietors and of the diminishing
number of free farmers may have been degraded to serfs.

But the change was one of degree ; there was no revolu-
tion. The new status had originated in Boman times,
and only developed as it expanded.
2.—How two radically different social species may

branch out from a single stem is well illustrated by a cen-
tury's growth of the British and the American constitutions.
In the last quarter of the eighteenth century these two were
substantially alike. The constitution of the United States
is known to have been modelled on that of England, but
less, as it might have been observed, in its practical
working than as it was theoretically expounded. There

were two visible differences, of no apparent magnitude,

and from these two small variations descend a whole host

of differences that have made the two constitutions as

mutually unlike as are the constitutions of Germany and
Russia. First, tiie American Executive and the Legisla-

ture were rigidly separated. This was partly intentional,

but it involved the absence of the Ministry from
the legislative chambers, and this was so far

from being designed that, after the constitution came
into operation, it was for some time delated whether
Ministers should be |)reseut in either House. It

was decided to exclude them, and the exclusion has

reacted eipially on the E.xecutive and the Legislature.

While the English Executive has gradually become the

nation acting, and the English Parliament has been slowly

transformed into the nation legislating, the Legislature

and the Executive in the United States have year by year

been drifting further away from identification with the

]3eople. The realisation of abstractions has proved as

fatal in politics as in philosophy. The Executive acts

like an independent organ, and is sometimes (as under
Johnson") in flagrant opposition to the popular will, or (as

under Cleveland) in but partial sympathy with it. The
legislature has likewise developed along lines of its own.
Occult aud irresponsible standing committees have bit by
bit wrested from Congress the entire power of legislation.

In 1790, to obviate some j)ractical difficulties, the House
of Representatives assigned the nomination of these com-
mittees to the Speaker. This innocent-looking provision

made that functionary a true dictator, wielding a more
absolute authority than the Czar, while the committees
may be compared, for their secrecy and autocracy, to the

Venetian Council of Ten. A loyal American, Eugene
Schuyler, defines the government of his country as an
absolute and irresponsible despotism exercised, under the

mask of constitutional forms, by half-a-dozen individuals

—the President and two of his ministers, and the Speaker
and two chairmen of his nominee committees ; in fact, by
two individuals.

Nor is this all ; a second original variation has been as

fruitful of consequences. The President of the Republic,

the counterpart of the King, had necessarily to be elected,

and the method of election gave rise to the nominating
convention. The establishment and growth of this con-

vention are held by so high an authority as E. L. Godkin
to " constitute the capital fact of modern democracy in

America." Yet there is no record of its origin. None of

the earlier or later writers on the constitution allude to it.

It was hidden from profound observers like Tocqueville.

It came without observation, and grew up in silence and
darkness. Its influence was masked in the forties and
fifties by the overpowering personalities of Webster, Clay,

and Calhoun, who seemed to thwart its behests, and were
yet, all of them, its victims During the excitement of

the anti-slavery conflict it was but the minister of the
popular will. After the war was over it rose into

prominence and power. Step by step, it laid an iron grasp
on all the machinery of government, and nominated the
President, Vice-President, and the federal legislators, the
governors and legislators and officers of the states. It

was itself then transformed, and, having been omnipotent,
it became impotent, surrendering its prerogatives to "the
machine," which abandons them to the boss. In most of

the states, and in all the larger cities, the boss is king.

Here is a second metamorphosis which, together with the

first, has made the working constitution radically different

from the constitution on pajjer, aud thus created a new
political species.

3.—The modern newspaper had a twofold origin. It

was a continuation of the manuscript letters composed
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by ])rofessional gossips, and circulated in the provinces,

as these letters were the expansion and regularisation

of family and coterie letters that had been circulated

beyond their first destination. It was also an incorporation

of the jjhicards from which ]ieople all over Europe
derived their knowledge of trade, coniinen!e, aninsenients.

anil the odds and ends of life. These soon acquired (at

least in France) a vehicle of their own—a printed sheet

that was circulated gratis or among subscribers, as merely
advertising journals, like the North BrUish Adriill^cr

were circulated forty years ago. In course of time the

two were amalgamated, and together they formed the ad-

vertising and literary halves of the modern joirnal.

The solitary journal produced by antiquity had a similar

genesis, yet not quite the same. The circular letter was
rather its midwife than its parent, and the ]ioster from
which it really descended was not the poinilar but the oilicial

placard. The part that placards or inscriptions played in

the old Roman world is well known. They were the chief

organ of publicity. There the emjierors inscribed tlieir

rescripts, the Senate its laws, and the magistrates their

decrees ; on them the citizens witnessed their piety towards

the gods, their devotion to their sovereigns, and their

gratitude to their benefactors ; religious corporations thus
recordeil their fulfilment of their vows, and ]irivate in-

dividuals registered their contracts. They were graven
on brass, marble, or stone, according to their dignity

or importance. Over 120,000 of them have been dis-

covered, and by their means historians have revived

the life and reconstructed the constitution, the laws,

and the religious of the empire. On walls whitened
with chalk more perishable memorials of the daily life

of the people were traced. It should seem that, in

order to create the Roman journal, some enterprising

Renaudot (as happened in France) had but to copy and
collect the posters of the day. No such evolution took

place. Not till n.c. 59, when Julius Caesar, who had just

been elected consul, directed that the minutes of the

meetings of the Senate and of the assemblies of the people

should l)e daily placarded, do we find any evidence of the

existence of a journal. The Roman Gazette was this

poster reduced to writing. Educated slaves or freed men
many of them Greeks—the ancestors of our reporters—
went everywhere in quest of the news eagerly sought for

by officials and citizens absent in the provinces. These, it

is ])resumed, were the copyists of the official jdacards

])osted daily in the Forum by order of the first and greatest

of the Caisars. By means of the Imperial post the rolls

were spread over the vast surface of the Roman world.

They were greedily read, and were copiously used by
naturalists and historians like Pliny and Tacitus. From
fragments of it scattered through Latin writers, Hiibner

and Boissier have put together that oldest of newspapers,

as a naturalist builds up an extinct species. Now mark
its evolution. At first solely a report of proceedings in

the aristocratic and popular branches of the Roman
legislature, as we may call them, it next included the

letters and speeches of the emperors and the decrees of

the magistrates. A semi-oflBcial portion, resembling our
Ciiurt Circular, and mentioning such facts as Caesar's

refusal of a crown and the Imperial receptions on the

Palatine, was speedily ad-ded. It wns soon swelled by
accounts of such portents and incidents as a shower of

bricks in the Forum, the fidelity of a dog to its master,

the suicide of a charioteer, public benefactions, births,

deaths, marriages, and divorces—the last at the rate of

one per diem. Meanwhile, the original raison d'rtre. of

the journal had disappeared. The assemblies of the

people ceasing to be held, of them there could be no

report. Then Augustus forbade the minutes of the Senate

to l>e published. Thvis the accessory portion of the
journal Ix'came its sole constituent, and the original design
of the Dictator was both defeated and transformed. Out
of a bald record of jiroceedings had grown a fair similitude
of the modern newspaper. The name changed with the
thing. At first. Tin' Artu of the Senate and the People,
it became The Dalli/ Adx of the Roman People, and was
currently referred to as the DaHy—diurna or journal.

It lasted as long as the empire flouiished, but it was an
example of ari-ested development, and it died without
leaving offspring.

4.—Literary criticism is still a stronghold of the special-

creation theory. So instructed a critic as F. Brunetiere
alleges that, at a determinable period, and, as it were, at a
given signal, the sense of art entered into French literary

productions and transmuted them. People wrote prose
without art, like Comynes and Margaret ; then, all of a
sudden, they wrote it with art. like Rabelais. They com-
])Osed verse naively, like Marot and Saint-Gelais ; all of a

sudden, like Ronsard, they C07n])0sed it consciously and
like artists. An accomplished dillettante. Th. de Wyzewa,
presumably after Mr. Gosse, makes Lodge out to be the
" inventor " of five distinct literary species. Similarly,

the romance of real life is commonly believed to have
sprung suddenly into existence with Defoe. There are

sports in literature as among plants and animals, but the

modern novel is a species with a long pedigree, which has
been traced by a profound student of the English Renais-

sance—J. J. Jusserand. Its remote sources are the heroic

romance and the tale, and it issued from the fusion of the
two. In Malory's famous work there is all that we now
look for in the novel except living characters and psycho-

logical analysis. Yet of the latter there is a glimmering
in a dissection of the passion to which the novel owes its

existence—the first (says Jusserand) to be found in the

prose romance. With Lyly we leave behind us the

romance of chivalry and a])proach the romance of contem-
porary manners. In "Euphues" the characters have some
resemblance to real beings. The tone of conversation is

not unsuccessfully imitated. Lyly's opinions on men and
life and his analyses of the feelings are ill-fused with the

narrative and exhibit the awkwardness of a first attempt,

but they are there. The hero of the story is the direct

ancestor of Sir Charles Grandison and his numerous
lineage ; and he anticipates, on nobility, love, and the

education of children, the ideas that Richardson lends to

his characters. Lastly, "Euphues " is the earliest example
of that literature of the drawing-room and the parlour to

which the contemporary novel is the chief contributor.

Lodge and Greene continue the development. In Sydney's

"Arcadia" dramatic power for the first time quits the

stage and enters the romance. Gynecia is perhaps the

first genuine creation in English prose literature. There
is constant penetrating analysis of passion, or, at least,

of the primary jiassion. From this story Richardson
borrows the name of Pamela and a romantic situation in

which she figures.

If Richardson is the lineal descendant of Lyly
and Sydney, Thomas Nash is the direct ancestor of

Fielding. He, first in England, narrated the history of

the picaresque hero, who was born in medieval Germany
as Master Reynard, grew up in Spain as Lazarillo and
Guzman, came to perfection in France as Gil Bias, and
passed over to England as Tom Jones and Roderick
Random. With his imaginary characters Nash (like

Thackeray) mingles historical figures, and he describes

real places and scenes. He paints two or three portraits

worthy of Callot or Teniers. Keen observation of humours
and oddities makes him an ancestor of Dickens ; like

Dickens, too, he has the capacity of being moved as he
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writes. On many lines he is the forefather of the modern
novel.

Yet we cannot help perceivin<? that between Nash and
JV'foe a wliole century lies blank. Sliall we say (with

Jusserand) that there was only an interruption of fecundity,

or (with Bruuetiere) that there was a breach of continuity?

A physiological analogy or identity may throw light on

the matter. Like the Australian River Darling, some of

whose branches flow underground for hundreds of miles,

and come to the surface at long distances only by means of

artesian bores, the spiritual genn-plasm unwinds its chain

through silent generations or centuries, embodying itself at

rare intervals in some individual or production which is not

so much the descendant of some earlier production or

individual as, like them, the outcome of a common line of

development.
6.—The philosopher withdraws to his garret, like

Spinoza, or banishes himself to a foreign country, like

Descartes, there to excogitate his speculations in silence

and solitude. Does not his system spring Pallas-like from
his brain, ' born without sire or couples of one kind " ?

Not so. Both can be fathered on past thinkers, and
related to the thought of their time. Asa more modem
example of spiritual transmission we will here briefly trace,

after Littrc and Paul Janet, the genesis of Comtism. The
philosophy of Auguste Comte can be histiirically affiliated

on Francis Bacon. What are the intermediate links ?

There is a large unbridged gap of a century and a half.

Then, in the preface to the great Encyclopedie edited by
Diderot, we find Bacon's ideas, his organizing genius,
his prophetic spirit ; it is the Be Augmentis done into

French, developed and expanded ; and Bacon himself is

there acknowledged as the inspirer of the work. But that
j)reface was written by d'Alembert. From him descend
two lines. His pupil and testamentary executor was
Coudorcet, and from him Comte derived his views on the
philosojjhy of history and the development of the human
mind. The other, more important and more fruitful,

conies down through the founder of Saint-Simonianism.
Saint-Simon alleged that his early education had been
directed by d'Alembert. From d'Alembert he acknow-
ledged that he gained the idea of all his scientific works.
To him he owed his conception of the unity and organisa-
tion of the sciences ; like him, he projected encyclopsedias.
Now arises the variation. Saint-Simon broke away

from the critical and negative philosophy of the eighti'eutii

century, and believed that the time had" come to found a
constructive and organic philosophy. This philosophy
he named the positive philosophy. In various writings
he traced its lineaments. All the sciences have begun by
being conjectural before being positive ; they have become
positive in the order of their increasing complexity ; they
have entered into public instruction as they have grown
positive; physiology is on the point of becoming a positive
science ; ethics will become such a science when it is

founded on physiology
; philosophy will become such

when it is founded on the general' facts of the special
sciences. Here are the germs of all the principal ideas of
Comte—especially of the classification of the sciences and
the law of the three stages. The latter was more fully
developed by Saint-Simon, and Janet has skilfully followed
its traces through a number of his works. In" him, too,
wll be found the Comtist character of science as con-
sisting in verification and prevision, together with
other root-ideas of Positivism. Like Saint-Simonianism,
Comtism began as a theory of the sciences, advanced to
be a so^-ial philosophy, and ended as a religious brother-
hood. We may well say : no Comte without Saint-
Simon

; as no Saint-Simon without d'Alembert, and no
d'Alembert without Bacon.

THE QUAGGA; A MISSING LINK.

By R. Lydeeker.

Whkn the Dutch first colonised that part of Africa of

which Cape Town now forms the capital, they found the

•country absolutely swarming with a great variety of species

of large game and other animals, whose form and apjjear-

ance were for the most j^art unfamiliar. As they tliein-

selves came from a laud which had long since been stripped

of the larger members of its fauna, it is possible that un-

familiarity with these prototyjies was one of the causes

which led to the indiscriminate and often ina|>propriate

bestowal of the names of the large mammals of Europe,

or compounds of the same, on the animals of the new
country. What, for instance, can be more inappropriate

than the transference of the Dutch name for elk (eland)

to the largest of the Cape antelopes, unless, indeed (which is

scarcely likely), the settlers were aware, that etymologically

the word signifies, in its Greek original, " strength." Neither
is hartebeest (stagox) much bettei", although wildebeest

(wild ox) is by no means an unsuitable designation for the

animalsknowntothe Hottentots by the title of gnu. Bastard
hartebeest, on the other hand, is a cumbrous and senseless

name for the antelope the Bechuanas call tsessabe. And
it is much to be regretted that the Boers did not see fit to

adopt for South .African animals the native titles they found
ready to hand.

In two instances, and apparently in two instances only,

so far as the larger animals are concerned, they did, how-
ever, adopt this practice. The first instance is that of the
large and handsome spiral-horned antelope now univer-

sally known as kudu, a name which is certainly not Dutch,
and is believed by Sir Harry Johnston to be of Hottentot
origin, since it is unknown to the Kaffirs or other tribes

who speak dialects of the Bantu language. The second
case is that of the animal foi-ming the subject of this

article, which is now universally known as quagga, from a
corruption of its Hottentot name quacha, pronounced by
the natives as " quaha." Even in this instance, however,
the Boers appear at first to have displayed considerable

reluctance to adopt the native name, for they originally

called the animal wilde esel (wild ass^ in the same way
as they christened its cousin, Burchell's zebra, wilde

paard, or wild horse. Eventually, however, better counsels

prevailed, and Eqiiiis quagga became known to the Cape
Dutch by the aforesaid native name, while the wilde paard
(whose early title still survives in Paardeberg) was
renamed bonte quacha, or striped quagga. When, how-
ever, the true quagga became very rare and eventually

exterminated, the prefix hotite was dropped from the Dutch
designation of Burchell's zebra, which was henceforth

known throughout South Africa as the quacha, orquagg-a,

pui'e and simple. Hence much confusion, and possibly

also a factor in the extermination of the species to which
that title of right belonged. For as the name in question

continued to be in common use in South Africa at the

time the true quagga was on the point of extermination,

it is quite probable that this may have been the reason

why the attention of naturalists in Europe was not drawn
to its impending fate while there was yet time.

According to the best attainable evidence the quagga
appears to have, become extinct, in Cape Colony, at any
rate,* about the year 1865, at which date a specimen

* From the fact that a skin was purchased by the Edinburgh
Museum in 1879, Mr. &. Kenshavv {Zoologisf, February, 1901) lias

suggested that the species may liave survived in the Ornnge Rivei

Colony till about that date. I am informed, hosrever, tint the

specimen was believed to be an old one at the date of its purchase

from ft dealer.



THE LAST OF THE QUAGGAS.
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was actuallv living in the London Zoological Society's

menagerie ; while another had died there only the vear

before. Of the latter example, a male, presented to the

Society in 18.58 l>y the late Sir George Grey, the carcase

was fortunately acquired by the British Museum, where
both its skin and skeleton are now jireserveil. The former
specimen—a female jmrchased in 18.51—survived till the

summer of 187:2. when its carcase was sold (apparently

without the least idea of its priceless value) to a London
taxidermist, from whom the mounted skin was acquired

n:auy years after by Mr. Walter Rothschild, for his museum
at Tring. This specimen was apparently the last survivor

of its kind, although, as already said, there was not even a
suspii'ion that it belonged to a rare species. Most
fortunately for natural history two or more photographs of

this animal were taken in the summer of 1870 by Messrs.

York and Sou, and it is from these photographs (one of

which is herewith reproduced) that most of the later

figures of the animal appear to have been taken. They
are probaijly the only photographs of a living specimen
in existence.

According to a note published by the Secretary, in the

Proceed iiKjs for 1891, the only other example of thequagga
in the London Zoological Si>ciety's menagerie was one
purchased in 1831. No record of its death appears to

have been preserved, but it may have been the same
specimen of which the skin was exhibited in the Society's

old museum in 1838, or thereabouts. These, however,

were by no means the only specimens brought alive to

England, for as early as 181.5 one was in the possession of

Lord Morton, while somewhat later on in the last

century Mr. Sheriff Parkins was in the habit of driving

two quaggas in a phaeton about Loudon, and in narrating

this circumstance the late Colonel Hamilton Smith men-
tions that he himself had been drawn in a gig by one of

these animals, which showed "as much temper and delicacy

of mouth as any domestic horse." Another quagga was in

the possession of a former Prince of Wales, and there are

records of others in England. The skulls of the two
driven by Mr. Parkins, as well as a portrait of one of

them, are preserved in the museum of the Royal College

of Surgeons.
« 'In addition to the specimens in the British, Edinburgh,
and Tring museums, several skins are preserved on the

Continent. Willi one exception, all appear to be of the

same general type as the London example photographed
by Messrs. York in 1870. The exception is one iu the

Imperial Itiuseum at Vienna, of which a description and
photograph have recently lx>en published by the Director,

Dr. L. von Lorenz, in the Proceediiiys of the Zoological

Society of London. Unfortunately there is no record .is

to the locality where the Vienna si>ecimen (which is a
female) was obtained, all that is known being that it was
acquired by purchase iu 18;5t).

Compared with the ordinary type of quagga, as exem-
plified by York's photograph, the Vienna animal is of

somewhat larger dimensions, with a creamy buff (instead

of greyish or chocolate-brown) ground-colour im the upper
parts, with the exception of the head, which is clay-brown.

A more striking difference is to be found in the broader

dark strii)es (of which there seem to be more in a given

space), and a corresponding decrease in the width of the

intervening light intervals. The stripes also seem to

extend farther back on the body.

But there is also a difference l)etween quaggas of the

type of the one photographed by York and those figured

by the early writers, as exemplified by the plate in Colonel

Hamilton .Smith's volume on horses in the NafnraliKr^

Library. In the specimen there represented, which not

im[)robalily came from. Cape Colony, and may be regarded

as the typical form of the six-cies, the head, neck, and fore-

quarters are marked by narrow black stripes on a chestnut
ground. The markings are, indeed, as Dr. von Lorenz
remarks, just the reverse of those of the Vienna specimen ;

the British Museum example, and the one figured by York
b<>ing in some degree intermediate between these two
extreme types

With some hesitation. Dr. von Lorenz suggests that
there may have been local races of the quagga, as there

are of Burchell's zebra Regarding Hamilton Smith's
plate as representing the typical Cape quagga, the two
other forms j>robably came from districts farther to the
north, and the suggestion may be hazarded that the

Vienna specimen, as the more aberrant, was obtained from
the Orange River Colony or Griqualand West, forming
the northern limits of the range of the species. For the

race typified by the British Museum specimen the name
Eqiins quagga ijreyi would be an appropriate designation,

while for the one represented by the Vieona example the

title E. qiiinjyii Inrenzi may be suggested.

But it was not my intention when commencing this

article to enter into a discussion of local races, but rather

to point out what an interesting animal the quagga really

was. and how great a loss its extermination has been to

zoology.

Even in the days of its abundance the quagga (which,

by the way, takes its name from its cry) had a comparatively

limited distribution, ranging from the Cape Colony up the

eastern side of Africa as far as the Vaal River, beyond
which it appears to have been unknown. In this respect

it, closely resembled the white-tailed gnu, which, however,
is known to have crossed that river in one district.

Curiously enough the two species lived in close comrade-
ship, and iu the old days their vast herds formed a striking

feature in the landscape of the open plains of the Orange
River Colony. Both have now disappeared from the face

of the country, for the white-tailed gnu, if, indeed, any are

now left, only exists in a semi-domesticated state on a few
farms.

Owing to its rank flavour, and especially its yellow fat,

the flesh of the quagga was almost uneatable by Europeans,
although it was keenly relished by the Hottentots, who, in

the early days of the Cape Colony, were largely fed upon
it by their Dutch masters. Whether this was the cause

of its comi)aratively early disappearance from that part of

the country, it is now impossible to say, but certain it is

that when Sir Cornwallis Harris made his trip to the

interior, in 183tj, quaggas were no longer to be met with

iu any numbers in Cape Colony, although Colonel Hamilton
Smith, writing a few years later, states that they were
still to be found within its limits. North of the Vaal
River they occurred, however, in their original multitudes,

and it was not till about the middle of the last century

that the Boers took to hide-hunting, and thus in a few
years accomplished the extermination of the species.

Allusion has already been made to the facility with

wh'ch the quagga could be broken to harness, and it seems
probable that the species could have Ijeen more easily

domesticated than any of its South African relatives.

Another trait in its disposition is worth brief mention.

It was said to be the boldest and fiercest of the whole
equine tribe, attacking and driving off both the wild dog
and the spotted hyaena. On this account the Boers are

stated to have frequently kept a few tame fiuaggas on their

farms, which were turned out .at night to graze with the

horses iu order to protect them from the attacks of beasts

of ]irey.

'fhroughout the vdiole of the plain country to the south

of the Vaal River the quagga was the sole wild representa-

tive of the horse family, the true zebra being confined to
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tho ininiiitaitis of Capo Colony and adjacent districts.

Nortli of tlic Vaal lliver the veldt was, however, dotted over

with herds i)f Biirchell's zebra, the aforesaid bonte-quagfja,

which (inclusive) of its local races, has a verv extensive

geographical distribution in East and Central Africa. It

is scarcely necessary to say tiiat this species differed from
the true quagga in having the whole body striped, as

well as by its much more brilliant type of colouration and
the pattern of the striping. One very remarkable feature

in connection with this species must not be passed over

without notice. In the original and typical race (now
apparently extinct), which was obtained just north of the

Vaal Kiver, in British Bcchuanaland, and therefore imme-
diately adjacent to the northern limits of the quagga, the

whole of the legs, as well as a considerable portion of the

hind-quarters, were devoid of stripes. In this respect the

ty[iical form of the Transvaal species came much nearer to

the last-mentioned animal than do the races from more
northern districts, in which the hind-quarters and legs are

more or less com])letely striped ; the striping attaining its

fullest development in the most northern race of all, the

so-called Grant's zebra of Somaliland and Abyssinia.

Of course, these gradations towards the quagga-type
of colouration of the more southern representatives of

Burchell's zebra, as well as the difference in the colouration

of the quagga itself as compared with zebras, have a

meaning and a reason, if only they could be discovered.

And it may be remarked incidentally iu this place that

unless we attem]>t to account rationally for such variations

there is little justification for the modern practice of

distinguishing between the local races of vaiiable species.

The striping of the zebras, which there is considerable

cause for regarding as the primitive type of colouration of

the horse family in general, is evidently of a protective

nature. It was stated some years ago that zebras a short

distance off are absolutely invisible in bright moonlight,

and I have reason to believe that the same is to a great

extent the ease in sunlight. For some reason or other the

species inhabiting the plains (not the mountains, be it

observed) of South Africa have tended to discard this

striped colouration, the southern race of Burchell's zebra

exhibiting the first, and the quagga the second stage in

this transformation. In North Africa the transformation

has been carried a stage further, the wild asses of the Red
Sea littoral having discarded their stripes almost com-
pletely in favoui- of a uniform grey or tawny livery. In
this part of the continent there is now no trace of a
transitional form, whatever may have been the case in the

past, and we thus have the sharp contrast between the

uniformly coloured wild asses of the coast of the Red Sea
on the one hand, and the fully striped zebras of Abyssinia
and Southern Somaliland on the other.

Whether there is anything in the climatic and other

physical conditions of the jdains of Cape Colony which
renders a partially .striped species less conspicuous than
(me in which the striping is fully developed, the dis-

apjjearance of the quagga makes it now impossible to

determine. But observation might advantageously be
directed to the comparative invisibility, or otherwise, of

the wild asses of the Red Scu littoial and the fully striped

zebras of the interior, and whether this would !" affected

in any degree by the transference of the one to the habitat

of the other. Whatever be the explanation, the tact

remains that at the opposite extremities of Africa some of

the memlx>rs of the equine tribe have developed a tendency
to the repliicement of a strij^ed livery by one of a uniform
and sober hue, and that in the south of the continent this

tendency exists only in the species inhabiting the jilains.

Moreover, it is only in S(.)uth Africa that the ti'ansitional

form is met with, and only in the north of the continent

that the striping has l)een completely lost.

But this is only one phase of a general tendency among
mammals to replace their spots or stripes by a uniformly

coloured coat, as is exemplified by the c'ase of many deer,

pigs, and tapirs, as well as by the lion and the puma
among the Carnivora.

So far as I am aware, no one has ever attempted to give

a philosophical reason for this nanarkable tendency. But
till an adequate explanation of the phenomenon be forth-

coming, naturalists, to repeat the words of a well-known
ornithologist, have left half their work (and I am inclined

to think the more important half; undone. Without
ascertaining the reason for phenomena of this nature our

zoological work is, indeed, as though a man were content

with describing the mechanism of a complicated machine
without an inkling as to its use.

One word more, and I have done. To the systematic

zoologist, the quagga is an animal of special interest as

affording evidence of the intimate relationship between

the zebras and the wild asses. Although, judging from
its geographical distribution and its physical character-

istics, it was probably not the actual transitional form
between the striped and the uniformly coloured species,

yet it serves to show the manner in which the transition

was effected. In this sense it is undoubtedly a link, and
since it is now, unhappily, missing from the roll of living

animals, the reason for the title of the present article will

be apparent.

ACROSS RUSSIAN LAPLAND IN SEARCH OF
BIRDS.

By Harry F. Witherby, f.z.s., m.b.o.u.

IV.—IN THE BIRCH SCRUB AND ON THE
ROCKY COAST.

The concluding portion of my last article* found my
companion and mvself amongst the marshes near the

northern end of the great Imandra Lake.

Our limited food supply continually drove us forward,

so that however interesting a place might be we could

never afford to stay there long. Rowing to the head of

the Imandra, we landed at the mouth of a small river

which flowed into the lake. The river was full of rapids,

and could not be ascended by a boat, so we walked across

country to a little lake, which the river connected with

the Imandra.
Crossing this lake—the Pereyaver—we arrived at an

interesting water ]5artiiig. An almost level strip of land

of only some five hundred yards across separated two
chains of lakes and rivers—the one up which we had
travelled flowed southward and reached the White Sea,

while the other rushed northward and found an outlet in

the Arctic Ocean.

At this spot we were attacked by vast swarms of

blood-sucking flies, so small that they easily passed througb

the mosquitoe veils, and so voracious and poisonous that

we were soon sufi'ering from swollen glands and intense

ear-ache. We were forced to pack up and flee northwards,

camping eventually on the shores of the Pulozero. Here
we found unexpected civilization in the shape of a well-

built telegraph station, inhabited by a most hospitable

official, who treated us with every kindness. Although
somewhat short of flour himself, he provided us with

bread, which we sorely needed, and in the way of luxuries

he had his bath house heated and })repared for our use.

• Set Kkowi-edok, June, 1902.
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Tliis gentleman was very anxious tliat I sliould take his

portrait, and notwithstanding^ niv protestations that the

picture probably would be unsuccessful, afid at all events

small, he iiisisted upon dressing up in his full unitorni

which included a sword and a medal. One of the telegraph

line inspectors was proclaimed to be a great sportsman,

and was anxious to take us to some marshes at some
distance, which he reported to be the haunt of wild geese

and swans. We gladly accepted his services as guide, and
taking a few men and our tent we set off for the marshes.

The walk thither was most trying, as it was pouring with

rain, and we had to wade for miles uphill through slush

and soft moss. The marshes, however, were extensive,

and were the breeding haunts of a number of interesting

Fig. 6,—The 'J'clegi-aph Sportsman and Gregori (interpreter)

at I'lilozero.

wading birds, amongst others being the dusky redshank,

and the bar-tailed godwit, which were mentioued in my
last article. But we never saw a sign of a goose or

a swan, and our guide's sporting achievements were

none too brilliaat. He stayed for a long time at the

edge of a small lake, and fired many rounds at a fiock of

ducks fully two hundred yards away. Soon afterwards I

saw him fire twice at something on the ground, aud on

reachiuir him 1 saw that his mark was a fluffy little

greenshank. On catching the chick we found one of its

toes slightly injured by the shot.

As we journeyed northwards from Pulozero the character

of the count ry gradually changed. The pine forest became
thinner, and the birch trees more numerous until the pine

trees eventually disappeared. Then the birch trees in

their turn Ix'come scarcer aud stuuted, aud the dwarf

bii'ch and many other kinds of creeping plants began to

get the upper hand, until at the coast the only trees were

a few wind-blown birches, while even the creeping plants

in manv places were unable to e.xist, and reindeer moss,

hoary and luxuriant, reigned in their stead.

Tlie change in the vegetation had a marked effect upon

the bird life. For instance the capercaiDie disa|)peared

with the pine forest, and willow grouse* increased in

numbers as the country became more open. The plumage
of the willow grouse especially interested us. This bird

is familiar to all in its winter garb of white when it api>ears

*Lagoput alhus.

in the poulterers' shops under the name of ptarmigan.
In summer, however, its plumage is brown, much like that

of the red grouse, except that its wing feathers always
remain white. In high northern altitudes where spring,

summer, and autumn are crowded into a few months, the

bird often retains j)art of its white plumage, especially on
the breast, througliout the summer ; so that we were not

surprised to find all the willow grouse bearing old winter

feathers in August. But when we came to examine these

birds we discoven^d that they were still in the midst of

the " spring " moult, their breasts and backs being covered

with new and gi-owiug feathers, many of them unly just

peeping through the skin. It .seemed doubtful that these

birds would (jomplete this moult that year before the

winter plumage became necessary, for already new snow was
falling on the hills, the mosquitoes were fast dying, and
autumn had commenced. The exceptionally late summer
accounted, no doubt, for this curious state of plumage, and
as we journeyed north other anomalies caused by the

l)ackward season were apparent.

Most of the willow grouse had broods of very small

chicks, and, like other gallinaceous birds, the parents were

active in using various devices to attract the intruder's

attention while their young ones were rapidly getting

under safe cover. To give a few instances. I was watching

a hen bird feeding her chicks which were jumping up to

her lieak and pecking bits of food from it. Suddenly she

saw nie, and uttering a harsh and low chuck she began to

run like a rat through the grass and undergrowth, but

keeping always in full view. Meanwhile her chicks had
scattered in every direction and had disappeared bke
magic. One old hen which I came upon very suddenly,

rushed up to me cocking her tail aud holding her head as

bravely as a bantam, she was so defiant, aud came .so

close, that I thought she was going to strike me. The
cock birds were as eager to protect their young as the

females. Once, on surprising two old birds together with

their brood, the hen immediately made off, but the cock

flew straight at me and fell over, as though shot, almost

at my feet. He quickly picked himself up, and, crouching

low, crept away dragging his drooping wings along the

ground.

At Kitsa, where two log huts formed a " station," the

food question became acute. We had run matters rather

fiue in our desire to stay as long as possible in the country,

aud now we had hut a tin of tongue left for ourselves and
nothing f(n- our men. However, fortune favoured us, for

at the foaming junction of two rapid rivers we caught a

fine salmon, and higher up one of the rivers a good trout

and a pike. They were soon cooked, aud our men ceased

grumbling, while we were glad to have a substitute for

tinned food. Nevertheless, we hurried forward to Kola,

a small village of wooden houses, and the capital of

Kussian Lapland.
Historically Kola is famed for having been bombarded

(inoffensive and unprotected fishing village as it is) by a

British gunboat during the Crimean war. It is prettily

situated at the base of a hill, flanked on both sides by

rivers flowing into-a fjord, which takes its name from the

village. Here we were once again in communication with

the outside world. We paid off our men, who set oS. back

to their homes by the way we had come. They had no

loads, but their" pockets were heavy, their pay being in

silver, and their hearts were glad, while as to their

heads I am afraid they were lighter even than usual, for

until Kola was reached the men had long abstained from

vodka.
We fouud plenty to interest us during the two days

which we spent in Kola while waiting for a steamer to

take us down the fjord. Most of the inhabitants were
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away fishing,' on the Miinnan coast, but tho peojile who
wcri' loft w<M-e very nice, and a great contrast to tlic peasants

of Kaiidaliix. They secniotl to be hii]ipily inlliieiiced l)y

their jiroximity witli Norway. A little boy t.> wliom I

gave a eopek for bringing nie a telograui, took of his hat

and shook my hand in true Norwegian fashion.

T shindd not dan; to boast of my own culinary efforts,

but my companion had for a month jiroved himself an

excellent chef. Nevertheless, it mnst be ac-knowledgi <l

that on boarding the steamer which was to take us to the

coast, we took a very great interest in the wonderful dishes

put before us (and not in vain) at the first few meals.

We had determined to work in the neighbourhood ol

the coast for a week, so we disembarked at Ekaterina—

a

remarkable place at the mouth of the Kola Fjord. Thi'

harbour of Ekaterina is practically land locked, and thus

well protected from all winds. Moreover, by the kindly

inllueuce exerted by the G\df Stream it is the most easterly

harbour in the north of Eurojie which is free from ice at

all seasons, and is thus the only northern port possessed

by Eussia which remains unfrozen in the winter. Though
the water is deep the harbour is small, being only about

a quarter of a mile wide. It would not, therefore, be

convenient for large war vessels which could not easily

turn in it. Nevertheless, the Russian G-overnment have

here built a small dry dock, and at great cost have cou-

structed a tine road up the rocky slope which descends

abruptly to the water's edge. The road leads to the only

level piece of ground on the hills round the harbour. This

was a small marsh, but has now been drained, and some
fifty wooden buildings forming the new town of Ekaterina

have been erected upon it. These buildings were all made
in Archangel, and brought thence in parts. They include

a fine church, a custom house, a school, and other jiublic

offices. During «ur journey through Lapland, Ekaterina

had j\ist been completed, and had been opened oHicially

with great ceremony.
We spent a most enjoyable week here, being most

hospitably entertained by a party of Russian marine
biologists, who were installed in a well-fitted laboratory.

Although the weather was wretched we much enjoyed the

bracing air of the coast after the muggy atmosphere of

the interior. We were able to add considerably to our
collection. The most remarkable point about the birds

on this rocky northern coast was the fact that many of

them still had nests with fresh eggs, although the winter

was coming on apace Mealy redpolls* were common
amongst the stunted birch trees, which struggled for an
existeni-e in the dells amongst the rocks, where tliev were
more or less protected from the winds. Most of the red-

polls had fresh eggs in their beautiful little nests, and I

feel sure that these were first broods, for I saw no young
birds about. One nest contained a dead bird sitting on
two eggs. On dissecting this bird it was evident that it

had died " egg-bound." which I fancy must be a rare

occurrence amongst wild birds.

One day we saw a diver flying over a hill. As we
watched, it began to circle, and eventually flew down behind
the hill. We crept over the slope, and found a small tarn
on the other side, and seeing no bird about we concluded
that it had gone on to its nest. So we separated and walked
carefully round the small lake. I had not gone far before

a large bird slid silently off the bank into the water.

Swimming raindly for a short distance, it suddenly raised

its liody perpendicularly in the water, and flapping its

wings began to croak loudly. As I wanted the bird I did
not delay long in shooting it, knowing well from expe-
rience that when once these birds begin diving it is next

to impossible to get them. Tho bird proved to be a red-

throated diver.* On the bank from which it had slid

were two fresh eggs, jdaced in a depression in the wet

moss \nthin a foot of thf edge of the tarn. F'Vom the tn-st

to the water was a shallow trough worn in the moss by

the bird which was accustomed to slide from its eggs

down into the water. My friend and I waited patiently

^ Znnota linaria.

Fift. 7.—Rcd-tliroateil Diver on Nest.

in turns for mauv hours well hidden near the nest, hoping

that the otther bird would come to the nest. But it never

appeared, although its mate which we had shot itroved to

be the male. The photograph here reproduced is one of

the dead bird on the nest, and was taken in the pouring

rain.

Bidding adieu to our kind Russian hosts we sailed for

Vardoe. Here we had to wait six hours for a steamer

to take us south, and during that time \ve employed our-

selves most profitably in collecting birds. We found a

number of interesting species congregated in a field

attached to a small fort. On one side some soldiers were
drilling, on the other a sentry was pacing up and down.
Still we were determined to have those birds, and
accordingly climbed over the fence and proceeded to get

them. In our eagerness we had soon forgotten the sentry,

and were surprised after shooting some six or eight birds

to see him buckling on his sword and running towards us.

Pocketing the birds, as well as the little poaching gun
which we had been using, and climbing out of the field,

we went to meet the little man in the most innocent way.
However, he received us with an awfid toi-rent of what
sounded like abtise. We were both most ignorant of the

Norwegian language, and the only exjiression I could

tliink of as at all benefiting the occasion was a word
sounding like " umflelardles," and signifying " I beg vour
pardon." Accordingly I repeated this word many times
in the suavest jHissible way, and then we walked rapidly

away to our boat, leaving- the soldier in a most indignant
rage. Unluckily some boys had seen and heard the whole
of the fun, and they followed us through the town shouting
out the tale, and repeating some of the sentry's choicest

expn'ssions. as well as my apology, which seemed to cause
the inhabitants great amusement. We were well able to

join in the laugh, because our hare pockets bulged con-

spicuously with a rich booty.

* Colymbw) septenirionali*.
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PFow tame and artificial seemed the pleasures and
luxuries of civilization soon after our return home. How
we siffhed for the wild freedom of camp life. Little

liardsliips, aud even the tormeutiuL; mosquitoes of Lapland,
were forjjiotten iu a feverish longiu<,' to roam once more over

some country untouched bv man—the desire to be alone with

Nature in her wildest aspects was our strongest passion.

NEBULOUS STARS AND THEIR SPECTRA.
By Miss Agnes M. Clerke.

With his great photographic binociilar. Dr. Max Wolf
seciired, iu July, lilOl, two simultaneous impressions of

tiie extraordinary oliject named by him the "America"
nebula. One, lately reproduced iu these pages, has
excited the wonder and admiration of all competent
judges ; the second has not yet been published. The
comparison of the twin pictures would be of extreme
interest. To take just one example. Even a cursory

examination of the July plate shows tbe nebulous
lijtht to be interrupted, often where it is brightest, by
isolated spots of absolute blackness, round or oval,

and sharply terminated. Their identification in the

companion-photograph would leave no doubt of their

objective reality. The peculiarity is the more note-

worthy from its extensive sidereal prevalence. Stellar and
nebular formations are alike liable to perforation ; whether
as an incident in their development, or through tbe action

of external forces, we cannot pretend to determine. The
pits and chasms in the Trifid Nebula strike the eye at

once in the beautiful pictures obtained by the late Prof.

Keeler with the Crossley reflector. Dark areas aud " black,

tortuous rifts," assert their presence emphatically on
Dr. Roberts's plates of the nebulous cluster in Monoceros,*
(N.G.C. 2237-9). The " Key-hole " Nebula manifests the

same characteristics on an enlarged scale ; while the Milky
Way itself bears witness to its dominance over the distri-

bution of cosmical masses to the utmost bounds of the
visible universe. Moreover, globular clusters are apt to

be riddled with " holes.'' Prof. Barnard's recent study of

M. 5 Serpeutis, with the forty-inch Yerkes refractor,

brought to his surprised cognisance a number of " inky
black spots," close south-preceding and south-following,

the densest part of that singular aggregation. f He had,

indeed, been previously aware of the presence iu M. 13

—

the great Hercules cluster — of similar disaggregative

symj>toms (if as such we are justified iu interpreting

them). Nor are they absent from nebulous stars. The
luminous halos surrounding these rare objects are not, as

a rule, symmetrically disposed. They are frequently

irregular aud heterogeneous, and show vacancies and
mottlings altogether inconsistent with the supposition of

their condition being one of statical equilibrium.

Nebulous stars probably represent the earliest phase of

stellar evolution. They irresistibly suggest incij)ience

;

they have seemingly not yet fully appropriated the

material allotted for their construction. In the course of

a few or of many millenniums, they will, it is reasonable to

suppose, have absorbed the outstanding supply and will

shine as finished suns. Hence, particular importance
attaches to the investigation of spectra emanating,
presumably, from inchoate photospheres. For the ascer-

tainment of their nature serves to determine, with
approximate security, the starting-point of the grand
process by which suns grow and decay. And, judging
from the scanty information so far available, this starting-

point is from stars marked by helium-absorption. By

* " Celestial Photographs,

t Aatr. yac/i., No. 3519.

Vol. II., p. 171.

helium-absorption, associated—as Mr. McClean and Miss
Maury independently concluded—with light-stoppage by
all the three series of hydrogen, by oxygen, perhaps
invariably, aud very frequently by nitrogen and silicon.

The action of metals is, in these early spectra, quite
inconspicuous, and metallic rays form no part of the
emissions of gaseous nebuhe, so that the prominence of

metalloids in stars of itself suggests their proximity to a
nebulous condition.

Now the spectra of stars with nebulous appurtenances
are mainly impressed with dark lines of helium, hydrogen,
and oxygen. It is too soon to pronounce the rule an
invariable one ; but until some one exception to it has
been estal>lished, it may be admitted as a provisional

generalisation. At the first sight of Dr. Max Wolf's
photograph (already adverted to) of the "America" nebula,

such an exception seemed to present itself ; for the

strongly nebulous star close to its western border was
named in the ^ext $ Cygni, and J Cygni shows a spectrum
of the solar type. Further enquiry, however, proved that

thei-e had been an accidental error of identification, and
that the star in question is no other than -57 Cygni, the

spectrum of which has the letter " B " affixed to it in the

Draper Catalogue.* This means that it shines with the
" Onon " quality of light ; aud on turning to the supple-

mentary remarks, we note the record of a distinctive line

of cosmic hydrogen, iu addition to those of helium and of

vacuum-tube hydrogen. The real ^ Cygni lies on the

Pacific side of the nebulous continent—looking at it as if

it were depicted on a terrestrial map—and in about the

latitude of San Francisco. But in the ocean of space it is

probably situated indefinitely nearer to us than the nebula

projected beside it upon the sensitive plate. It may, in

actual fact, be just as completely disconnected from it as a

reticle from the celestial bodies it serves tp divide and define.

This cannot be said of the diffuse object off the Atlantic

shore of the nebula. Prof. Wolf states that, iu the

original negative, " many interesting arms and wings of

nebulosity " can be perceived to radiate from it. And,
although he does not assert categorically their organic

relationship with it, the chance of the fortuitous production

of an arrangement so express aud particular must be

regarded as extremely remote. It is, indeed, admittedly

difficult to discriminate, in long-exposure photographs,

between stars genuinely and stars only optically nebulous,

yet the visible origination of nebulous appendages can

scarcely be fictitious. Thus, the situation of 57 Cygni,

with regard to the filmy protrusions apparently issuing

from it, is too critical to be casual ; aud, as we have seen,

the spectrum of the star corresponds perfectly "with a

nebvdous coudition.

Its brightness—4-6 magnitude—is almost that of

w Orionis, detected as nebulous, both photographically

and visually, by Barnard in September, 1893 (Knowledge,
Vol. XVII., p. ] 7). The two stars are also spectroscopically

alike; they constitute similarfociof nebulous concentration;

each would seem to be a diffuse globe but recently equipped

with the machinery requisite for intense radiation. With
them may be classed a- Scorpii, one of the finest nebulous

stars in the heavens, described by Barnard as structurally

involved iu the great Rho Ophiuchi formation ; e and

I Orionis, the "atmospheres" of which were noted ijy

Sir John Herschel ; and X Orionis, disclosed as haze-

encompassed by a long fixed stare with Barnard's Willard

lens. This object is one of Struve's pairs (2 738) ; the

* Dr. Max Wolf desires to acknowledge Misa Gierke's correction,

and would ask readers of KNOWLEDaE, in his article on page 156 of

Knowledge for July, 1902, at the 20th line, for "| Cygni," to read

" 57 Cygni."
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components, of respectively foui-th and sixth inagnitiuli's,

are 4"-2 apart, and display—or, at least, displayed to early

observers*—eoulrasted tints of yellowish and purple. The

jmre radiance, nevertheless, of a Golconda dianiou<l would

match better their jointi spectrum. It is of a hit,'lily

primitive pattern; the lines crossinp; it are few and diffuse;

and they claim, .all but exclusively, a metalloidal origin.

Thoseof helium, toi^ether with the Hutfj^insaud Pickering

series of hydrogen, are unmistakiible,t and absorption by

oxygen and nitrogen will assuredly be found when carefully

looked for.

One apparent anomaly remains to be mentioned. A 5'5

magnitude star in Scutum Sobieski (B.D. 10° 4313) came
out on one of Barnard's plates in 1892, surrounded by an

extensive tenuous halo.+ Yet in tlie Draper Catalogue,

where it is enrolled as No. 8198, a spectrum of the Capellan

variety is assigned to it. A.ssigned, indeed, with some
hesitation ; still we cannot but note the confirmatory

circumstance that the star is fainter chemically than

optically, while in helium-stars an opposite disparity is

always observed. A single good spectrograph would settle

the point. Nor should the genuine nebulosity of the

object be admitted on the unsupported evidence of an

isolated negative. Verification should be sought by
repeated and varied exposures, for the question whether a

solar star can be nebulously involved is really fundamental
to theories of relative stellar ages.

It might have been anticipated that nebulous stars

would be found to shine pi-edominantly by emission—that

bright lines would be conspicuous in their spectra. Facts,

however, do not bear out this forecast. An immense
majority of bright-line stars are entii-ely free from
nebulous entanglements. The conditions are combined,

and that imperfectly, only in the stars of the Orion

trapezium, which give feelile signs of spectral emission
;

and in two members of the Pleiades group, Alcyone and
Pleione, neither of which is in such immediate connection

with nebulous structures as some of their dark-line asso-

ciates. Nor is there at present any reason to suppose that

the nuclear stars which, in planetary and annular nebulae,

appear the very foci of constructive activity, emit gaseous
radiations. Those that do—and they are very few—are

palpably not stars, but condensed wisps of cosmic haze.

Experience does not then warrant the current surmise
that the first stage of stellar development is marked by a

bright line spectrum. The I'equirements for its produc-
tion would rather seem to be independent of age, and to

arise under special influences, or through exceptional

peculiarities of constitution, lint the topic, being one of

the most arduous in astrophysics, is emphatically one
upon which dogmatic pronouncements would be out of place.

ASTRONOMY WITHOUT A TELESCOPE.

By E. Walter Maundee, f.r.a.s.

XVIII.—VAEIOUS SKY EFFECTS.

Theee are certain phenomena which lie very near the
border line of asti'onomy and meteorology ; so near that it

is difficult to say which science has the stronger claim to

take note of them. Amongst these, perhaps, those which
have the best claim to be included in the department of
astronomy are the strange bright clouds which were
discovered by Ceraski, and which were afterwards made
the object of careful study by 0. Jesse. These Luminous

* Webb, " Celestial Objects," Vol. II., p. 182, Espin's cd.

t A. C. Maury, "Harvard Annuls," Vol. XXVIII., p. 111.

t Astr. Naeh., No. .3111,

Night Clouds were utt<'rly unlike any phenomenon which

had Ix-en previously recorded, and their discovery, like

that of the Gegenschein, was a striking evidence that not

even yet have thi' fields of work which lie close at hand
been all explored. There is still an ample harvest to \w

reaped in more than one direction by the man who can

niinforce an observant eye by thoughtful patience.

These luminous clouds were not visible at every time of

the year, but only during the nights of summer ; their

period of visibility for Btn-lin, where Herr .Jesse observed

them, being from' May 23rd to August Uth; a period

corresponding nearly to the season of continual twilight

for that latitude. Their light was derived from the

sun, which during tliat season is never more than 1«

bt>low the northern horizon, and tlie rays of which they

were enabled to catch by their great height ab^ve the

surface of the earth ; for the comparison of photographs

taken of them from different stations showed that they

ranged from fifty to fifty-four miles in elevation, or ten

times the height attained by light cirrus clouds.

In appearance these night-clouds were of a brilliant

silvery-whiteness, slightly tinted at times with blue if ne,ar

the zenith, or with a reddish-yellow tinge if near the

horizon. They wei-e woolly and striated in character, and

repaid examination with a field-glass of large aperture,

by means of which they might tie traced considerably

further than the naked eye could follow them.

The discovery of an order of clouds at a height above

the earth so greatly exceeding anything which had ever

been observed, even of the lightest cirrus, was remarkable

enough. More remarkable still were their variations.

For they were not by any means a permanent jihenomenon,

and diminished in frequency of appearance from the time

of their first discovery. From 1S85 to 1889, they wei'e

seen before midnight ; hater they could only be detected

in the morning hours. Their movements were more
interesting still, and were such as might be caused—so it

has been suggested—if, though travelling with the earth,

they were but lightly subject to its attraction, and ex-

perienced some retardation as they travelled ^vith it.

From any point of view the existence of these clouds

must be regarded as most remarkable. That clouds should

exist at all at a height greater than the highest stratum to

which we owe twilight, and that so existing they should

be an occasional and variable phenomenon are entirely

unexpected discoveries, and still reni.aiu unexplained. Can
it be that they are one of the by-products of the great

volcanic eruption of Krakatoa in 1883? If so, they may be

looked for after any great series of volcanic outbursts, such

as that which commenced with the destruction of St.

Pierre in Martinique in May, 1902, even though these

eruptions cannot compare in violence with that of Krakatoa.

Three striking sky-effects followed that great eruption

of 1883. The first was comparatively restricted both as to

area and time, and took the form of a remark.able coloura-

tion of lioth sun and moon. At Batavia, in Ceylon, at

various places in India, the sun was seen to be blue or

green ; blue when at the zenith, changing through green

and yellow to total obscuration near the horizon. A much
more lasting effect was th.at which received the name of

" Bishop's King," having been first reported from Honolulu

by the Rev. S.'E. Bishop on September .5th, 1883. This

ring was a remarkable species of halo to be seen on I'very

fine day surrounding the sun frcun its rise to its setting,

and, even occasionally round the moon. Thus in the

Stonyhurst Observatory report for 1883, it is stated

:

" During the day tht> sun is invariably stirrounded by an

intense silvery brightness slightly tinged with green, and
at a distance of about 20' from the sun this tint sometimes
changes gradually into a pink or pale violet, and fades
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away at about 45"^ .... an orange tinted haze exteudiui^

aliout 45" from the moon was also seen on several nights
towards tliy middle of Decemlier." There can be no dotibt

that '• Bisho[)'s Ring" was a diffraction elieel due to an
immense nuantity of dust particles of an extreme minute-
ness driven up by the great explosion to a great height in

our atmosphere and slowly subsiding. For as late as

1887 the ring still remained, though it could then be only
traced as a peculiar white haze to a distance of about lO'^

from the sun.

The third result of the eruption of Knikatoa was the
occurrence of "Afterglows" at sunset and " Foreglows "

at sunrise. These were distinguished from normal sunsets

and sunrises in that they diftVred from them iu the time
of tlu'ir appearance and the place or quarter in which they

were formed ; in their periodic action or behaviour ; in the
nature of the glow, which was both intense and yet

lustreless ; in the regularity of their colouring ; in the

colours themselves, which were impure and not of the
spectrum ; and, lastly, in the texture of the coloured

surfaces, which were neither distinct cloud of recognised
make nor yet translucent mediums. The regularity

of their colouring was particularly striking. " Four
colours in particular have been noticeable in these

afterglows, and in a fixed order of time and place— orange,
lowest and nearest the sundown ; above this, and broader,

green; above this, broader still, a variable red, ending in

being crimson ; above this, a faint lilac. The lilac dis-

ajipears ; the green deepens, spreads, and encroaches on
the orange ; and the red deepens, sjireads, and encroaches

on the green, till at last one red, varying downwards from
crimson to scarlet, or orange, fills the west and south."*

These magnificent afterglows reappeared, but on a
diminished scale, after the Martinique eruption of May,
llil)2. A valuable letter by Prof. A. S. Herschel appeared
in Nature for July 24th, 1902, describing the afterglow of

June 26th. The sun set about 8h. 25m., and a quarter of

an hour later a long low belt of sky in the N.W. had
grown orange-yellow, whilst the ruddiness of the sicy in

the east had l)y the same time risen nearly to the zenith.

Between the two there lay a white tract about 30° in

width, which was gnidually invaded and at last quite

occupied by the advancing ruddy colour from the east.

About 8h. .55m. from the zenith down to 30^ above the
jilace of sunset, and for 40° or 50° on either side of the

vertical line through it, was a broad expanse of rich, rose-

coloured, lake-red light. This red glow sank rather
rapidly in height, and by 9 p.m. it had subsided into a
brighter glow near the horizon.

The colour effects of an ordinary sunset are due to the

depth of atmosphere through which the sunlight reflected

to us from the clouds has pas.sed before illuminating them.
In their passage the rays of short wave-length suffer a
greater scattering, and are therefore lost to us in a greater

proportion than those of greater wavedength, with the

efifect of producing a golden or ruddy glow. The afterglow

would appear to be due to the intervention of a reflective

stratum at a greater height than that of ordinary clouds.

In 1883 this was no doubt composed of the finely-divided

volcanic dust to which " Bishop's Ring " had been due,

suspended high iu our atmosphere, and no doubt the

afterglows of 1902 owed their origin to a similar cause.

The height of that stratum can be inferred from the

depression of the sun below the horizon at the time when
the further boundary of the glow is setting, or is at some
definite altitude, or from the elevation of the zones of its

greatest brightness. In this way Prof. Herschel found
the elevation of the reflective stratum on June 26th as

* Gerard Hopkins : Mature, January 3rd, i88i, p. 223.

about five miles ; whilst on June 28th, he estimated " the
sun's parting illumination of the sky to rosy colour " at not
much more than 30 minutes after sunset, and the height
of the dust stratum in conseciuence as about 7.'r miles.

These intervals were very distinctly shorter than those
remarked in 1883 and 1884. The primary glow after

Krakatoa averaged 54 minutes after sunset until its

disajipearance on the horizon ; the secondary averaged [)6

minutes. If the secondary glow be due to direct sun-
light, the average height of the stratum causing it must
have been nearly 40 miles. But if, as appears more
probable, the secondary glow was due to the same stratum
as that which produced the primary, being in fact a second

reflection from it, then the mean value of its height would
be about 11 miles.

On a bright clear evening, as the sun goes down, an
interesting phenomenon may often be watched. If the

observer turns his back on the sun, he will see iu the east,

immediately after sunset, a long dark line spread along

the horizon. This darkness, which is indeed " the Shadow
of the Earth," thrown upwards as the suu goes down,
rises somewhat rapidly, its upper edge, under favourable

circumstances, being quite sharply defined. This " shadow
of the earth," which may be made out more or less dis-

tinctly on any clear evening in a suitable locality, and
which is especially easy to watch at sea, revealed itself in

a very interesting manner in the case of the luminous
night clouds described in the beginning of this chajiter.

If the clouds were seen in the earlier portion of the night,

that is to say before midnight, then the shadow of the

earth covering them little by little would darken them
from the top downwards. On the other hand, if they were

first seen after midnight, then it was the upper edge that

lighted up first, the cloud rising out of the shadow.

The " Earth's Shadow " came strongly into evidence in

the case of the Krakatoa "afterglows." The Eev. S. E.

Bishop, writing to Nature, Vol. XXIX., p. 549, says :
—

" I beg special attention to my former remark of the ' eartU-

sliadow sharply cutting off ' the upper rim of the first glow. This

was very manifest in the strong heavy fjlows of September, showing
clearly that the first glow dirt-ctly rellected the sun's rays, while in

the afterglow, which hud no defined upper rim but continued much
longer, the liaze reflects only the liglit of the first glow."

And, again, in Nature, Vol. XXX., p. 194, he writes :—

•

"In your issue of April 10th (p. 5-19), is the statement by an
observer in Australia that the ' red glow was margined by an im-

mense black bow stretching across from the north-west to south-east.'
" I wish to say that the above language almost exactly describes

the appearance to wliich I alluded on the same page as ' the earth-

shadow cutting off the upper rim of the glow.' The ' black bow '

of the Australian was evidently the shadow of the horizon projected

on the haze stratum. In both the above eases the lower surface of

tlio haze was evidently well defined, so that, as the horizon inter-

cepted the direct rays of the sun, a well-marked shadow moved
westward and c'ownward. Above this black rim or bow aj)peared

the secondary glow, produced by the reflection of the sun's rays

from that portion of the Iiaze surface wliich was directly illuminated.

Very often the second glow was more conspicuous and impressive

than the fii'st, because it shone agamst the dark sky of night."

If the secondary glow were due to the reflection of direct

sunlight, theu no doubt its upper edge would have been
sharply marked off by the earth's shadow, just as was tlte

case with the primary glow. But its diffusion as compared
with the definiteness of the earlier glow points to its being

a reflection of the latter, a view strengthened by the fact

that the depression of the sun below the horizon at the

sinking of the second glow was as nearly as could be

determined double what it was at the sinking of the first.

Prof. A. Ricco, in addition to these two points, mentions

a third. Prom time to time in fine weather the phe-

nomenon is presented at sunset of " Crepuscular Rays."

These are bi'oad pink ribands of light diverging like the
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sticks of a fan from the point whore the sun has just gone
down. Tiu'v are fornioil m a very simihir manner to the

rays of light which we sometimes se<! iu raoisture-hiden

air, when the sun itself is hidden behind a dense eloud,

and which children are accustomed to speak of as " the

sun drinking." In the latter case, these bands of light

are due to the sun shining out from between irregularities

of the clouds and lighting up the laden air, which

shines in the path of the rays just as the particles of dust

do—" the motes iu a sunbeam "—when light is admitted

through a small ajierture into a darkened room. In the

case of the crei)useular rays, mountain ridges or banks

of cloud may serve to jiartially intercept from the upper

atmosphere the liglit of the sun which has set, throwing

their shadows in long lines upwards, whilst the sunset

glow shines out in the intervals between the clouds or in

the depressions between the mountain peaks, and is seen

by us as a radiating system of broad pink streamers. Here
in England it is rare that these streamers can be traced

very far towards the zenith ; they are usually lost as they

pass overhead, though sometimes their termination may
be seen as counter rays iu the east. Col. E. E. Markwick,*
however, records that he has seen the rays in South Africa

night after night extending from horizon to horizon ; the

radiation from the west and convergence again towards

the east being, of course, an effect of perspective. In the

case of the Xrakatoa sunsets. Prof. Eicco remarked on

several occasions these crepuscular rays as being con-

spicuous in the primary glow, but they were not seen in

the secondary, a further proof that the former was due to

direct, and the latter to reflected sunlight.

If we look across water towards the setting sun, we see

a broad track of light extending from below the sun's

place towards us, due to the reflection of the sun from the

surface of the waves. It occasionally happens that an
analogous reflection is produced in the air from the under

surface of ice-films floating horizontally. In this case a

vertical shaft of light is produced, rising from the sun as a

base, which is known as a " Sun- Pillar," and of which a very

fine example was seen on March tJtli, 1902, over the greater

part of southern England. The difference between the

formation of such a sun-pillar and the Krakatoa afterglows

depends partly upon the greater elevation of the stratum

giving rise to the glows, and partly because of the smaller

size of the particles forming it. The ordinary atmospheric

particles are very small compared with the wave-length of

light, and hence scatter especially the shorter rays, those

producing the sensation of blue. The particles of the

Krakatoa dust were large in compai-ison with these, and
hence scattered rather the rays of long wave-length—the

red rays. The composite effect of the glows therefore

resulted from the interaction of these two different orders

of particles upon the rays passing through them. And
over and above the richer and more complicated sunset

colours that were thus produced, there was the reflection

of the sunset glow itself by a stratum of highly reflective

dust particles at a great elevation.

" Thus we may probably conclude that the haze which

followed the eru])tion of Xrakatoa, and produced the

twilight glows, was composed mainly of very fine dust,

and that this dust at a great altitude reflected the light of

the setting or rising sun after diffraction through the

stratum and diffraction and absorjition by the lower atmo-

si)here, and secondarily again reflected this reflected light."f
The heavens are the province of the astronomer, the

atmosphere of the meteorologist, and all the various

phenomena that have been referred to above belong to the

* Knowledok, 1901, April, p. 88.

t Hon. RoUo Russell :
" The Eruption of Krakatoa," p. 19.5.

atmosphere, and hence meteorology may be said to have
a claim upon them. But they are distinguished from
I)urely meteorological objects—such as the various orders

of clouds, rainbows, haloes, parhelia and the like—in that

they are connected directly with the earth's rotation, and
with its position relatively to the sun. They are phenomena
of the earth as a planet rather than of the earth considered

as a world complete in itself, and from this point of view

may be considered as belonging to astronomy. But they

are referred to here, not so much on this account as from
the illustration they afford of the value of the habit of

exact observation. " Science," it has been often said, " is

measurement " ; it certainly depends upon the record of

phenomena in numerical form. The difference in value is

immense between the most vivid and picturesque description

of a flight of a meteor and the half-dozen numliers which
give the time of its appearance, its brightness, and duration,

and the precise position of its path. It is onh' the latter

which are of permanent value, and it is only from the habit

of registering the obvious facts connected with a given

phenomenon that the faculty is developed of recognizing

other points needing numerical expression and record.

Thus in the case of the beautiful sun-pillar of March tJth,

1902, though many vivid descriptions were written of it,

so far as I know only one observer noted what should have

been apparent to all, namely that the pillar moved an
appreciable distance in azimuth, following the unseen sun
in its northward movement below the horizon. So in the

case of the afterglows it was only those observers who
had made specific observations of ordinary sunsets, and
who knew accurately their characteristic features, who
could state definitely and with precision that the sunsets

after Krakatoa were abnormal, and define wherein their

peculiarities consisted. Striking as they were, it was by

no means everyone who saw anything in them out of the

common, and even so experienced an artist as the late Mr.
John Brett, p.b.a.s., failed to recognise wherein they

differed from an ordinary sunset, or indeed that they

differed from it at all. Then when their abnormal
character was recognised, the careful timing of the sinking

below the horizon of the primary and secondary glows was
of the first importance as giving the means for computing
the height of the reflecting stratum. In the case of the

appearance of such glows on future occasions, or of the

crepuscular rays, or of a sun-pillar, it is very desirable

that not only a precise note of the times of the phenomenon
should be taken, but that also the angular extent of the

various rays should not be merely roughly estimated but

actually measured. A long, light, but stiff' rod carrying

a sliding cross-piece—a sort of tangent staff, in fact, not

unlike that used by Chaudresakhara—would be of much
service in determining the height and breadth of a sun-

jiillar, the angle which a crepuscular beam made with the

horizon, the height of tlie brightest part of an afterglow,

and so on. Such an instrument might, indeed, seem rough,

but its accuracy and precision would be found to be

beyond comparison greater than that of mere estimation.

THE ECLIPSE OF THE MOON, OCTOBER 17

AND HOW TO PROJECT IT.

By W. Shackleton, f.r.a.s.

From few 2)roblenis in astronomy can such satisfaction

be derived as that of the projection of a lunar eclipse.

Moreover, it is so sim]>le that few need fear to attempt it,

and thereby be abk' to delineate the phase of an eclipse at

any moment, whilst it is instructive in that actual use is made

of "terms which are frequently no more than definitions.
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Just Vk'fore sunrise on the morning of the 17th the

moon is totally eclipsed, and althoutjh the following

method is applicable to any lunar eclipse, we will deal

more particularly with the one of this dale. An eclipse

of the moon takes place when the moon ](lunges into the

earth's shadow, and thus is deprived of the sun's rays

If then we can ascertain the size of the shadow at the

point where the moou is situated, and also know the

direction and rate of movement of the moon through it,

we have the material for predicting any particular phase

of the eclipse.

From the Nautical Almanac we have given

—

Moon's equatorial horizoutal pamllax
Sun's „ „
Sun's radius

59' 13" = 3553"
9" = 9"

16' 3" = 963"

Adding the two former, and from the sum subtracting

the latter, we get 2599", which represents the radius of

the earth's shadow at the point of the moon's orbit.*

The earth'satmosphere, however, tends to increase the size

of the shadow, and on this account it is usual to increase

the above radius by about -suth ; we will therefore take

—

Eadius of shadow = 2650".

•?;
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presonts too liirge a. view to iillow mo to do more than speak of
him from a personiil ac(|iiuiiitaticu wliicli I enjoyed nearly forty
years. Vircliow was a Pomeranian, and was born at Schivelbein
ou October 13th, 18l'1. Ho distinguished himself at a local

school and then proceeded to Berlin to study medicine. Ho
joined an Institute connected with the University and obtained
his |)nictical knowledge at the Charitd Hospital. He took his

degree in 184.^ and soon afterwards became an external lecturer

on Pathology. At this time he was <1( piited to investigate an

SleduUiou cast in honour of Prof. VIUCHOW on the occasiou of

his 70th birthday.

epidemic of fever, and his report so strongly reflected on the

sanitary condition of the neighbourhood that it attracted much
attention and criticism. His name also became associated with
the Radical Party in Parliament, and thus he came into collision

with the "man of Blood and Iron," and with other govern-
ment officials. All this made his position as a teacher in the

University very uncomfortable, and this being a|)parent, he
was invited to accept the Professorship of Pathology at the

University of Wurzbiirg. This he did, and took advantage of

the opportunity to devote himself entirely to the duties of his

Chair. He made some very remarkable contributions to

subjects connected with his work, which gave him at once a very
prominent place amongst the scientific men of the day. His
work was so carefully done, and his observations made with
such perfect accuracy, that he was able to put forth his

principles with the greatest confidence, aud these being trans-

lated into different languages were seen to be the utterances of

a master mind, and were at once accepted as the embodiment of
truth.

His fame became so great that Berlin was only too ready to

call him back, and the University to offer him the Chair of
Pathology. This was in 18.56, after a residence of five years at

Wurzbiirg. It was not long before he issued his gi-eat work,
which made his name famous throughout the scientific world.
This was the celebrated " Cellular Pathology." Its purport was
to show how the cell was the unit of life, and that all growth
proceeded from pre-existing cells. This was a substantial basis

;

a new and solid foundation, not only to explain morbid processes
but healthy and physiological ones. The doctrine which was
held at that time originated with Schwann, who, with the
elaboration of the microscope, did much original work with
respect to the ultimate tissues, both of the animal aud vegetable
kingdom. He taught that a fluid was thrown out from the

blood, which ho called the blastema ; in this fluid a number of

granules sprung up, which after a time formed themselves into

{{roups or nuclei, and around these again the cell was formed.

All cell life was thus produced in this cytoblastema. Virchow,

by an unwearied study of years, completely upset this theory,

and showed how every cell sprung from a pre-existing one.

The cells afterwards became modified and altered to their re-

spective form.s, but in all cases they originated from parent cells.

Just as the animal or |)lant is ])roduced from one of a like kind,

so do the individual cells composing them have a similar

l)arentage. This was his great doctrine which was found to be

true throughout the whole of living nature, and lies at the basis

of all the laws of heredity. It was formulated by him into the

.sentence, " Omnia ('eUula a celltihi.^' This was an epoch-making
doctrine, and will take its stand by Harvey's " Circulation of

the Blood," Newton's " Law of Gravitation," or Darwin's
" Origin of Species."

Besides the great work of Virchow, there are to be found in

his " Archives," which he edited since the year 1847, numerous
apers of great merit and originality. I may mention that of

" embolism," the name he gave or adapted to the case where
fibrinous matter is carried with the blood through the vessels

until it blocks one of the smaller ones, as, for instance, an

artery leading to the brain, when it leads to softening and

paralysis. I might mention also his article ou ulceration of

bone, characteristic of a well-known specific disease. Virchow
had a typical scientific mind, so that he said nothing that was
not found to be absolutely correct and true—for exam]de, in

his work on tumours he refers to his examination of specimens
in our Knglish museums, and as regards that at (xuy's, I found
that he bad appended the number which was written on the label

to each example mentioned. Like Faraday, Darwin, and others

of that stamp, he possessed in the highest degree a simple

honesty of purpose. As showing his truly scientific turn of

mind, I might quote his answer to those persons who wished

im to investigate the miraculous case of a girl who had, every

Friday, the bleeding stigmata appear upon her body. He
said : "Every miracle exhibits a tendency which natural science

does not. The miracle is produced with a determinate aim,

seeks notoriety, stimulates attention, and advances to meet all

mankind. Nature's laws are retiring, they have no interest in

man, it being man who has an interest in the laws."

It may be mentioned that Virchow interested himself in

everything appertaining to anthropology ; and so he was
enthusiastic in Schliemann's work in the Troad, and in 1882 he

wrote a paper on old Trojan graves, and gave a description of

the skulls found therein. It should be mentioned, too, that

Virchow received from the Royal Society in 18'J3 the Copley
medal, the highest honom- it could bestow. Prance made him
Commander of the •' Legion of Honour," and he received

distinctions from other countries, but no honour could add
lustre to his name.
Ou reaching his 7Uth birthday a very remarkable ovation took

place at Berlin to celebrate the occasion, and a medal was struck

in his honour, and copies were made in gold, silver, and other

metals. It had a diameter of 180 millimetres (7 inches), aud

the gold one weighed 2'i kilograms (5 lbs.). On one side is a

bust of Virchow surrounded by the inscription " Riulolphus

Virchow Pomeranus Civis Berolinensis. ^Elal LXX.'' On the

reverse is seen a female figure seated, representing anatomy,

one hand resting on a book in her lap, and the other holding a

skull. Science is rejiresented by a male figure with wings

holding a flaming torch over her head. In the background is

the figure of Diana, a mummy, a skull, a microscope, a jar

labelled "eiubol/a," and other emblems of the arts aud sciences.

Written below are the words " Onmis reUuld a ci'lluhi.''

The celebration of his 80th birthday took place on
October 3rd of last year, when representatives of all nation-

alities crowded to do him honour at Berlin. It resembled no

state ceremony, but was a spontaneous burst of homage from
the civilized world. Lord Lister spoke on behalf of Great

Britain, and said, that they joined in recognition of his

gigantic intellectual powers aud in the gratitude for the great

benefits that he had conferred upon humanity, and in admira-

tion of his personal character which was marked by absolute

uprightness. Various places of learning sent him their con-

gratulations.

Few men had so world-wide a reputation as A'irohow, and
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therefore, everyone in England was glad to meet him, esiiecially

those who regarded him as their great teacher. He paid many
visits to this country, and being a good scholar, made his

speeches in English, but with considerable foreign accent. One
of his most notable visits was at the time of the International

Medical Congress in 1884. He joined with Sir James Paget,
Huxley, and others, in giving addres-ses at St. .Tames' Hall. He
spoke on the value of experiments on animals, and concluded by
asking the opinion of the company present on the question ; the
response as to their utility was carried without a disseirticnt

voice.

Another very remarkable occjision was his visit to Edinburgh
on the occasion of the tercentenary of the University, when its

degree was conferred U])On him. Some of the most leivrned

men in Europe were there, but no one was more distinguished
than Tirchow.

(In March 10th, ISiK^, Virchow was invited to give the
Croonian Lecture before the Royal Society. The large room of
the University of fjondon was crowded to hear him deliver it ;

the subject being " The place of Pathology in Biological Study."
In the evening a dinner was given to his honour at the
Whitehall Rooms, Lord Kelvin being in the chair, and Sir

James Paget and other eminent men made speeches to his

honour.
On October 3rd, 1898, Virchow was invited to give the

Huxley Lecture at Charing Cross Hospital. This was founded
in honour of Huxley, who was educated there. The subject
was " Recent advances in science, especially those bearing on
Medicine and .Surgery." This he delivered to a crowded
audience at the neighbouring St. Martin's Hall. In the evening
a dinner was given to him, presided over by Lord Lister. Being
president of the College of Physicians, I was en,abled to state

the indebtedness of the profession to Dr. Chance for his admir-
able translation of the '• Cellular Pathology," which brought
this great work so soon before the ])rofession in England.
On Januarj' 3rd of the present year he broke the neck of his

thigh bone in alighting from a car. He soon recovered from
the shock and went into the country, where his health much
improved, although he did not expect to have the use of his leg

again, for on examination by the Rontgen rays, he declared
that no union could take place. Afterwards his strength began
to fail, and he passed aw.ay on September 7th.

His remains were brought to Berlin and placed in the
Rath.aus, where thej- lay in state. On September Hth the
funeral took place, a service w.as held, .and the coffin then carried

to the cemetery of St. Mathew's Church, followed by a pro-

cession a mile long. Besides the representatives of the Univer-
sity, many statesmen were present. Prof. Waldeyer delivered
an oration on the part of science, and others followed in their

different capacities.

A writer has said of Virchow, that he was the great pioneer
of the obscurest of sciences, yet crossed swords with the chief
of a political l>arty, and also accomplished more social and
administrative reform than any other man of his time : another
writer that he was absolutely simple and devoid of self-con-
sciousnes.s, sincere, kindly, and unassuming ; he was absorbed in

his subject, the embodiment of accurate knowledge and sound
judgment, the truest servant of truth.

Britisi) (!5riutt)ologtfal Kotcs.
ComhicUJ hij H.viiKY F. Withekbt, r.z..s., m.b.o.u.

Black-kared Wheatear in Sussex.—A new species

for the British list. At the meeting of the British
Ornithologists' Clul), held on June 18th last, Mr. W.
Kuskin BiittertielJ exhibited a male specimen of this

Wheatcar or Chat, which had been shot near Polegate,
Sussex, bv a man named Williams on May 28th, i902.
Mr. Butterfield follows Mr. J. T. Whitaker iu calling the
bird Saxicola ccUerime, a name given to the western
form of Sojeicohi aurita—the Black-eared Wheatear. It

is at all events the western form of the bird which has
now been recorded for the first time as having visited us.

This form of the handsome and brightly coloured Black-
eared Wheatear seems restricted to the South of Spain,
North-west Africa, and Sicily, while the eastern form of

the bird is found throughout the greater part of the Soutli

of Europe, Asia Minor, and North-east Africa. We are
afrai'l that the present exam|ile is only a straggler, and
we cannot expect this lovely sjiocies to make a habit of
paying visits to these inhospitalde shores.

The Starling as Fosteh Parent.—The somewhat
singular incident of the Starling performing the duties of
foster parent has been witnessed here ; a feraah; bird

steadily feeding two young Song Thrushes, which follow

ber about most closely. The foster parent's duties are
very carefully and stndioiisly carried out.—-W. Ucnn,
Withycomb, Exmouth.

Orel/ Lng-gaose in Ireland.—A specimen of tlie south-pnsti^rn form
(Anser ruhriroslrui) of the G-rey Lag-goose was exhibited liv Mr. K.

Coburn at the .Tunc meeting of the British Ornithologists' Ciub.
The bird was one of five reieived by the exhibitor from Liiiieric-k on
November 23rd, 1901. One of the characters pointed out by Mr.
Coburn as separating this bird from the Orey Lag familiar to Eimlisli

sportsmen was its longer and more slender bodv.

All contributions to the column, either in the way of note.i

or photographs, should be forwarded to Harry F. Witherby,
at the Office o/ Knowledge, 326, High Holhorn, Lnmhni.

— ^

j^oticcg of Boofeg.

"Metallography: an IsTKODucnoN to tiik Study of
Metals, chiefly by the Aid of the Microscoim:. " By
Arthur H. Hiorns. (M.acmillan.) (is.—This book discloses

the progressive nature of the study of metal structure by means
of the microscope, and is the first com|ilete handbook which has
appeared on the subject. Articles by jiractical workers have
constantly appeared in the various scientific journals, and there
is actually a quarterly publication emanating from America
which deals solely with this subject, but the volume before us
gives in short but precise terms, not only the state of know-
ledge at the present time, but the methods of obtaining that
knowledge. It cannot well be said that sufficient data and
knowledge have been gained to class micrometallognaphy as an
exact science, but such information as has already been obtained,
has been of the most invaluable description, and this book
will enable those who may be beginning, to start at the point
at which advanced workers have arrived, and make those who
are working in a more or less isolated manner, acquainted with
the latest methods. The purpose of the microscopical examina-
tion of metals is admirably given in the writer's own words ;

—

"It must be clearly recognised at the outset that microscopic
examination is not intended, nor ever will replace chemical
analysis or mechanical testing of metals. Its function is to add
additional information of a kind which other methods are
incapable of yielding. Thus, in steel, ordinary chemical analysis
will indicate the total quantity of carbon, combined and free,

but will not reveal the ])resence of definite mineral constituents,
such as ferrite, cementite, pearlite, martensite, and the manner
in which they are associated in the steel.'' Seeing that the
whole study is dependent on the microscope being suitable for
the work, it is somewhat singular that so small an amount of
information regarding this instrument should be given. No
real direction is provided to guide the beginner in his selection.

Is, or is not, the raising and lowering of the stage by rackwork
desirable? Should the objectives have large or smali apertures,
and have the apochromats proved more effective than the
ordinary achromatics ? Again, ought not the objective to be
constructed specially to work on subjects having no cover
gla.sses ? These are points which one would expect to hiive

elucidated, but the situation is summed up by the writer so far
as the microscope stand is concerned, by the words, " the
instrument should have a firm and fairly heavy stand
a mechanical st;ige is quite unnecessary.'' The instructions for
photographing, and the illustrations, which are numerous,
although they have evidently lost detail in the reproduction, are
exceedingly instructive and interesting.

"In.idrious and UsEKiTL Insiccts." By L. C. Miall, f.k.s.

(Bell & Sons.) 3s. 6d.—All teachers of economic zoology must
feel grateful to Prof. Miall for this excellent little book, from
which a student can hardly fail to le.irn how to observe,' think,
and act for himself. It opens with an account of the Cockroach



232 KNOWLEDGE [OOVB.K, 1002.

as a typical insect. Then come full descriptions of some thirty

selected common insects of various orders, attention being given
to their form, life-history, bionomics, and jiractieal importance,
as useful or harmful to the farmer or i^ardcner. This section

occupies the greater part of tlie book, and is followed by a short

summary of the insect orders and their more important families.

Finally, the author gives a section on the " Destruction or

Mitigation of Insect Pests,'' placing before the student some
general principles to guide him in his economic work and
relating in detail the successful struggles of American entomo-
logists against the " Gipsy Moth " and the " Fluted Scale."

The style of the book is beautifuUy clear, and the facts are set

forth so as to attract and fascinate the student. He is led to

study an insect practically, and encouraged to look for the

reasons of what he observes. The accounts of the life-histories

are constantly lighted up with bright flashes of suggestion.
" Why," asks the author, " has the female Vapourer Moth no
wings ?" He points out that first of all we need to ivsk, " Why
insects fly at all" ; and thus we arc led on to a fruitful dis-

cussion of the relative importance of the larval and perfect

stages in securing the spread of an insect species. Everywhere
is pressed home the lesson that the successful mitigation of

insect pests depends upon our knowledge of their life relations.

The book cannot fail—in the full sense of the words—to educate
naturalists.

In answer to many enquiries, the publishers of Knowledge
state that Mr. E. W. Maunder's book, " Astronomy without a

Telescope " (which also contains the articles on " Constellation

Studies ") will be ready about the middle of October. A large

portion of the work has been rewritten.
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Illustrated. 76. 6d.

Fowls of the Air. By William J. Long. (Ginn & Co.) Illustrated.

76. 6d.
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Ireland. Vol. XXXII. Published by the Institute. 10s.
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AsTKONOMiCAL.—Six Spectroscopic' binarie8,[in'addition

to the thirty-two previously announced, have lately been
discovered at the Lick Observatory, namely, <j) Persei,

rj Geminorum, y Can is Minoris, ? Herculis, o Equulei, and
e Andromeda?. Including three stars of this class detected
by Belopolsky, Prof. Campbell points out that out of

350 stars observed, one in eight is a spectroscopic binary,

while many others are suspected, lie also expresses the

opinion that as the accuracy of measurement becomes

fjreatcr, the star which is not a spectroscopic binary will

])rove to be the rare exception. The instruments for con-

tinuing the work in the southern hemisphere have been

completed, and it is lioped that the expedition may be

able to sail in the near future for Valparaiso, to occupy a

station near SantiriLTO, Chili. Mr. D. (), Mills has again

shown his appreciation of the work of the Lick Obser-

vatory by a gilt of a thousand dollars for improvements of

the Mills spectrograph, and Mrs- llearst has presented a

sum of 2')00 dollars to increase the equipment of the

Observatory. It is announced that copies of any of the

photographs taken at the Observatory may now be obtained

at moderate expense on application to the Director.

The discussion of the connection between the variations

of terrestrial magnetism and solar activity lias chiefly been

confined to comparisons of magnetic phenomena with

sunspots, and it is well known that while the diurnal

range corresponds closely with the sunspot cycle, a difficulty

has arisen from the fact that a great sunspot may or may
not be accompanied by a magnetic storm. Sir Norman
Lockyer has recently investigated the magnetic variations

in relation to the observations of the chromosphere and
prominences made by the Italian observers during the last

thirty years, and has concluded that the epochs of great

magnetic storms correspond with those of the greatest

disturbances of the chromosphere near the sun's poles,

while the general magnetic curve agrees closely with that

of prominences observed near the solar equator.—A. F.

BotanicaIj.— Torrejia for August contains, in a note by
Dr. M. A. Howe, some interesting information on the

vitality of the spores of Marsilia. Prof. D. H. Campbell
proved several years ago that the spores of M. wgi/pti'icii

may germinate when twelve years old. Some spores which

he obtained from dried specimens preserved for that peru)d

in the lierlin Botanical Museum germinated within thir-

teen hours after being placed in water. He found that

in the case of spores eleven years old fifty per cent,

germinated, and of those five years old nearly all grew.

According to Prof. Barnes, spores of Marsilin quadrifulia

retained their vitality after being kept for three years in

commercial alcohol. Dr. Howe has esperiuK'nted with

spores procured from material which had lain in the

herbarium for periods varying from twelve to thirty years.

The oldest spores which grew were practically eighteen

years old, and belonged to M. vestita. Nearly all the

megaspores formed prothalli with archegonia, and prac-

tically all the microspores reached an advanced stage of

germination, though only about half set free motile

spermatozoids. The first of these were seen in eleven

and a quarter hours after the sporocarps were placed in

water.—S. A. S.

Entomological.—A Centipede of quite exceptional

interest has been described {Quart. Joiirii. Micr. Sci.,

Vol. XLV., 1902, pp. 417-4.48) by Mr. K. I. Pocock.

It was discovered on the summit of Mount fiouincy,

Hobart, Tasmania, and it "proves to be comparable
in interest to either of its compatriots Ceratodus or

Ornithorrhynchus, as it unmi.stakably rcfiresents an
archaic type which has survived in this isolated corner

of the world." The species (Craterostigmtts tasiiHinifiigia

by name) possesses fifteen pairs of legs, like our
own well-known Lithobii, but it difBers from all other

known centipedes in having more tergites than sterniles

in its skeleton. There are fifteen of the latter, corre-

sponding with the pairs of legs, but twenty-one of the
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former. Now, as the large tropical centiperiea—Scolo-

peiulra and allies—have twenty-one (or twenty-three)
le^-beanns; segments, ^[r. Pscoi-k eoncliiJes that this

Ta'imaniaii t'oriu represents a eonnei'ting-link between tho

Scolopendrids and the Litliobiids, six sternites, with their

accompanying pairs of legs, havini; vanished, but the

termites still remaining. We get thus a most suggestive

due to the method of evolution among the centipedes.

An .account of tho life-history of the beetle I'hjthrit

iliniilripitiictata is aiven bv Mr. IT. St. .1. K. Douisthorpe
{Traim. Ent. So,: Loud.,' 190-2, j)p 11-25). The female
beetle drops her eggs on the ground near nests of the
Wood .Ant (Foymica riifa), and as the eggs are enclosed in

cases formecl of the mother's excrement, which give them
the appearance of small bracts, the ants carrv them into

their n-'sts. The grubs feed on vegetable substances con-

tained in the nesr. protecting themselves by building up
hard, insoluble cases of excrement. When a beetle emerges
from the case at the end of the pupal stage, it creeps
stealthily out of the nest, stopping and " feigning death

"

if approached by the ants, which seem to behave in an
unfriendiv wav to this "guest" both in the larval and
perfect states."—G.H.C.

Zuor.oGic.vi,.— Professor Kay Lankester's long-expected
memoir on the okapi of the Semliki Forest has been issued

in the Traiifntcflonn of the Zoological Societv, forming the
sixth part of Vol. XVI. It is illustrated by a coloured
plate drauTi from the presumably immature specimen in

the British Museum, and numerous text figures of skulls,

etc. Fortunately, the Belgian specimens, which prove
the occurrence of horns in the okapi, arrived in this country
in time to receive a brief notice in Prof. Lankester's

memoir. The probable affinities of the animal are dis-

cussed in considerable detail by the author. It may be
well to notice that in the fourth line from the bottom of
page 287 the word iiicii'iir should be ratline.

To the Proceedingit of the Royal Society (Vol. LXX.,
\o. 46.5) Messrs .Alcock and Rogers communicate an
interesting paper showing that the saliva of many reputedly
harmless Indian sntikes has poisonous effects when injected
into the blood of small mammals. And they are enabled
to indicate a gradation, so far as toxic properties are con-
cerned, from species like the rat-snake, in which the teeth

are solid cones, through other kinds with teeth channelled
behind, to the deadly cobra and its kindred, in which the
fangs have assumed the form of hollow cones for the
conveyance of the venom from its receptacles.

Dr. R. Lehmann-Nitsche, of the La Plata Museum, has

recently pubbshed in the German Archiv fur Anthropologie
(Vol. XXVIL, Art. 19) the evidence for regarding the

extinct Patagonian ground-sloth, of which the skin and
other remains were discovered a few years ago in a cavern
at Last Hope Inlet, as a contemporary of the ancient

cave-dwellers of the country, by whom indeed these

animals appear to have been domesticated.

With the exception of a few elephants' teeth and bones,

vertebrate remains appear to have been hitherto unrecorded
from .Japan. The appearance of a memoir in the Journal
of the Tokio College on a fossil Japanese mammal of pre-

sumably Miocene age is, therefore, a matter of considerable

interest, more especially as the remains appear to indicate

a form quite unlike any known from other parts of the

world. The authors of the memoir regard the fossil as

referable to the elephant group, but it is quite likely that

this determination may be called in question.

Dr. .1. Wortman has been re-examining the magnificent

series of American Eocene camivora collected by the late

Prof. 'Marsh, and has published the results of his myesti-

gations in the American Jnnrnal of Science. He is of
opinion that the primitive mammals known as creodonts
should be included among the carnivora, and also that
they are closely related to the marsupials. But he refuses

to accept the modern view that marsupials themselves are
tho descendants of placcntals ; and inclines to the opinion
that both creodonts and modern marsupials are derived
from .1 iion-placent.al stock. How, on this view, we are
to explain tho occurrence of a vestigial placenta in the
bandicoots, the author does not say.

In a memoir issued by the Survey Department at Cairo,

Messrs. Andrews and Beadnell give a preliminary descrip-

tion of new forms of extinct mammals from the Fayum
district of Egypt. Perhaps the most remarkable is an
imperfect lower jaw furnished with a pair of serrated and
recumbent incisor teeth, which they regard as probably
representing a new type of carnivora, and name Phiomia
serridetiK. To the same is provisionally assigned the front

part of an upper jaw with a single pair of large tusk-like

incisors. Very interesting is part of an upper jaw described

as Sayhafherinm urdiquum, which seems to indicate the
oldest representative of the hyrax group at present known.
A nother mammal from the same deposits is assigned to

the widely-spread Tertiary genus Ancodus—one of the
transitional forms between pigs and ruminants. The
authors are now of opinion that the beds containing
remains of the genus last mentioned, together with
Arsinotherium, Palmomastodon, etc., are of Upper Eocene
age, while the underlying deposits with Moeritherium,
Bahyfherium, etc., are Middle Eocene. Below the.se come
other beds from which have been obtained remains of tho
primitive cetacean Zenglodon.

THE BIOGRAPHY OF A SNOWFLAKE.
By Akthur H. Bell.

It is one of the most interesting things in connection with
the subject of the weather that all its phenomena are so

closely in touch with one another, and that in order to

explain any one of them it is necessary to take account
of all the rest. A further fact is that the various
phenomena have a power of transforming themselves very
quickly as it were into something else, so that it is often
a long process to hunt down and discover what is the
fundamental structure of these fugitive shapes. A snow-
flake, for instance, at first sight might be thought to have
a separate existence from any of the other children born
of aqueous vapour, but on attempting to follow up the
history of these " frozen Howers," as Professor Tvndall
called them, it is found that the attention is at once
directed to the consideration of such things as rain, hail,

sleet, mist, dew, hoar-frost, and clouds. Hail, rain, sleet

and snow are, of course, very nearly related indeed, but
similarly to the other phenomena they are all built uj>

out of aqueous vapour, and when vapour is condensing
out of the atmosphere it is, at some seasons of the year,

quite as likely to take one shape as another. Of the
phenomena mentioned above hail is probably the most
noisy in its descent from the atmosphere to the earth, and
this more especially when it happens to be accompanied by
a thunderstorm. On the other hand hoar-frost and snow
are probably the quietest of all the children of the air,

wliile as regards their picturesque effects, who would
venture to decide between two such skilful artists ? Snow,
wliich is the parent of the grinding glacier and the
stupendous iceberg, has, however, such notable effects on
climate and on weather that few meteorological phenomena
can compare with it for interest.
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Now it is jirobablc that, as is tho case with a raindrop, or

with hail, in order to ^ive a siiowllakt> a stiirt in life tlicro

must he a tiny nucleus of dust, round whieli tiie condensinr;

vapour may pither. It is mainly a (juestiou of temperature
as to what form this condensinp; moisture will take, but
commonly when the temperature is above the freezinjj

)ioint rain is the outcome. When this process takes place

ill a body of air at or about the fr<>czing ])oiut, snow gets

its opportunity ; while when the condensed moisture does
not at once freeze solid, hail will bo more likely to occur.

At some times, indeed, l)oth snow and hail take the form
of little fluffy pellets of frozen moisture, and considerable

experience is necessary to distinguish between them. As
a general rule, the colder the weather the smaller the
snowflakes ; the large flakes, which children describe as

being due to the old woman plucking her geese, appearing
when the thermometer is not far away from the freezing

])oint. Large flakes, indeed, are a conglomeration of

smaller flakes, and it is in the latter that the greatest

regularity and beauty of structure are to be seen.

In order therefore that a snowflake may make a

successful journey through the atmosphere it should be

built up on a particle of dust, while if it should be
fortunate enough to commence its career at the top of a
cloud soaring many miles above the level of the earth, it

will thereby become still better equipped for adding to its

stores of frozen vapour. Between the growing snowflake
and the earth, it should be borne in mind, there are in

ordinary conditions strata of atmosphere that differ very
much as regards their temperature, and the amount of

moisture they contain. These different layers through
which the descending snowflake will pass favour its

development, for it often happens that in one layer of

atmosphere the flake gathers moisture which is promptly
frozen in the succeeding layer. In this connection it is

well to recall what happens when one holds a snowball, or

two pieces of melting ice in a warm hand for any length

of time, for either can be welded into a solid lump by a

little pressure, a process commonly called regelation, and
to be borne in mind when seeking for the causes that

favour the growth of a suowflake.

Prom each layer of atmosphere through which it passes

the fluttering snowflake may therefore be thought of as

collecting a tribute of moisture, but unlike a hailstone it

makes these accretions in gentle fashion. There is a fuss

and a dash with the downward plunge of a hailstone, so

that the frozen moisture is welded around it with great

force and it quickly grows hard and solid. On the other

hand, with a snowflake the frozen moisture is not so much
welded as it is enmeshed, for on every snowflake, even in

its early moments, there are protuberances and spicules

that catch the floating moisture as in a tiny net. The
most common forms of snowflake have a solid nucleus

with rays ramified in different planes, others taking the

shape of six-sided needles or ])risms, or six-sided pyramids.

A complicated snowflake takes the form of a six-sided

])rism from one or both ends of which six-sided plates are

projected. Another kind of snowflake is found to be

simply a thin lamina of frozen moisture, snowflakes of

this class Iteiug observed in great variety. Mauy inte-

resting sketches have been made of all these different

kinds of snowflakes, but this is work that requires further

elaboration by some observer willing to devote a little

time to this most interesting work of taking a picture of

the snowflakes as they reach the earth. It has been said

that the crystals in any given snowstorm have a family

likeness, each storm, as it were, having its own particular

type of snowflake. This is an interesting point to be
settled only by careful observation, and for the present, it

is enough to recognize the fact that although snowflakes

seem all very much alike yet there is endless variety in

these " lovidy blossoms of the frost."

It will be seen, then, that the conditions most favourable

for the production of large snowflakes are when the

atmosi)liere is freezing in some parts and thawing in

others. With those conditions the process of repelation of

moisture on the surface of the snowflake will proceed

apace. Under such favourable circumstances very large

flakes may be built up, although, as already mentioned,

these large structures are often but the result of flakes

that have collided in mid air and joined forces. These
large snowflakes are like very large hailstones, which are

often but a mass of ice formed by several hailstones

crushed together. Both as regards the snowflake and the

hailstones, these conglomerates are not properly to be

taken as showing to what size a single flake or stone may
grow. With this proviso it may be stated that one of these

conglomerate snowflakes was found to measure 3J inches in

length, 1 J inches in breadth, and H inches in thickness; the

flaki^ when melted yielded 2 J
cubic inches of water. Such

large snowflakes as this cannot come to maturity when the

atmosphere is of a very low temperature all through. In

such circumstances there are no alternate layers of air of

varying conditions in temperature and moisture, and as a

result only small, dry flakes of snow are produced. This

is the kind of snow that falls in the polar regions, and it

is these cold weather snowflakes that are the most perfect

in form. Closely allied to the small and the large snow-

flakes is sleet. This commonly is objurgated as the most

unpleasant of all the children born of the atmosphere, but

it will perhaps be seen that rightly to understand the

whole story of a snowflake, something of the changes in

temperature that produce sleet need to be taken into

account.

When lying on the grouad, snow, from a meteorological

point of view, is of much greater interest than when falling

through the air. In an ordinary way there is a constant

exchange of heat between the surface of the earth and the

atmosphere. Thus during the day the sun pours its

warmth down through the air to the earth, so that the

surface of the ground is raised in temperature. During
the night hours this acquired warmth is rapidly radiated

into space, and the temperature of the earth accordingly

falls. The atmosphere, moreover, that is everywhere in the

closest intimacy with the ground, is also affected by this

prodigal behaviour of the earth. Now, when the ground

is wrapped round in its mantle of snow, these imports and
exports of heat to and from the earth are interrupted.

In other words, the diurnal range of temperature is

greatly modified, so that all the time snow is on the

ground there is not that excessive expenditure of heat that

ordinarily takes place, and as a result the soil beneath the

snow IS maintained at an equable temperature.

Anyone who has been on the snow a few thousand feet

above the level of the sea will have recognised the fact

that snow is a good radiator of heat. At such a height,

moreover, the atmosphere is dry and free from dust, so

that as the heat rays pass through the air, to and from

the surface of the snow, they have but little effect as

regards raising the temperature of the air. Air such as

this is said to be diathernianous, and heat rays passing

through such territory, so to si)eak, pay no toll. Similarly

snow, so long as it remains clean and free from impurities,

reflects the heat rays, but will not absorb them. Sup-

posing, however, that a little dirt or a plentiful sujiply of

coal-dust settles on such snow, heat is at once absorbed,

and the "frozen flowers" are destroyed. That the snow

is white is considered to be due to the fact that the ice

crystals of which each individual suowflake is built up, act

as so many miuiature prisms that blend the prismatic
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colours and so scatter a white lig;bt. lu its embrace also,

each snowflake as it lies upon the ground, holds a tiny

supply of air, and it is this circumstance that makes the

snow so bad a conductor of heat. Snow then in regard to

the earth and the atmosphere acts as a buffer state, so

that it i>asses no heat down from above and allows none

to travel upwards from below.

Further, not only is snow of interest in the manner of

its l>ii-th and in resiwct of its sojourn on the earth, but its

actions are no less entertaining when it melts. In passing

it may be observed that one foot of snow is considered to

be equal to ten or twelve inches of rain. When, there-

fore, snow is on the ground to the depth of several feet

there is an enormous cjuantity of moisture held iu

suspension. It is not surprising then that when a sudden
thaw sets in, the water courses and rivers are unable to

carry off the melting snow, and that floods result. At
times, too, it will happen that the ground in the neigh-

bourhood of fallen snow is frozen hard, so that as the

snow melts it rushes impetuously onwards, disastrous

floods being ag-ain produced. When the snow disperses

iu orderly fashion it percolates through the ground, and
it will readily be u7iderstood that as the cold icy water

passes downwards notable modifications occur iu the

temperature of the soil. At such times undrained laud

becomes saturated with the chilly water, and for this and
other reasons it has been observed that the effect of

draining land is the same as if it bad been removed one
hundred miles to the southward. It is not, therefore,

surprising that in many countries considerable attention

is given to the work of observing the snow, so that ample
warning may be given to those whom it may concern of

the time when it is beginning to melt.

Both when on the ground and when it melts it will

therefore be seen that snow is constantly modifying the

temperature of its surroundings. On the winds also

which blow to and from the snow-covered areas these

chauges have also their effects, so that in studying
climatic conditions it is imperative to know the times and
seasons when a given locality is covered with snow. As
already mentioned, to follow the biography of a snowflake
to the end, something should be said concerning glaciers

and icebergs ; but it is sufficient for jsresent purposes to

call attention to them, vrith the observation that they

were built bv the snowflakes.

'are red or white, warranting the conclusion that these

colours are attractive to flies, which .lilect putrid sub-

stances. For this reason the Phalloidi are sometimes

designated the " Flowering Fungi." This is the light in

which Mr. Fulton also views the colours of the Amanitas,

IMyccnas and a number of the smaller agarics. Even the

.odour of putrefaction itself, he thinks, may be meant to

VEGETABLE MIMICRY AND
HOMOMORPHISM.-V.

By Rev. Alex. S. Wilson, m.a., b.sc.

Thp; resemblance of Aseror Junghu to a sea^anemone was
referred to in a previous article; this fungus attains a
diameter of about a foot, is conspicuously coloured, and
like Phallus, emits a foetid odour ; the gleba at its mar-
gins splits up into long narrow segments, which closely

con-espond to the tentacles of the zoophyte. The plant
is a native of Java. Another remarkable member of the
same family is the tropical Dictyophora, which is not
unlike the common stinkhorn in shape, but is surrounded
by a delicate white network which hangs expanded below
the cap like a crinoline. This appendage, like the white
corolla of a night-flowering plant, increases the con-
spicuousness of the fungus after dark. The PhaUoidi
occupy a somewhat exceptional position among fungi.
Only some seven or eight per cent, of agarics, as Mr.
Wemyss Fulton points out, are attractively coloured,
seventy-four per cent, being brown, slaty or black.
Ninety-one per cent, of the Phalloidi on the other hand,

FlO. 22.—Dictyophora, u
Fio. 21.— Aserijc, an anemone-like fungus. flonering fungus.

atti-act flies which aid in the dispersion of putrefactive
bacteria. Some of the marsh bacteria give rise to a jelly

which floats as scum on pools and ditches. The beautiful
rose-pinlv tint of this jelly which is full of these
organisms may not improbably also be of use in pro-
moting their dispersion. The attractive characters
observed in fungi as a whole remind us of those flowers
which are adapted to the visits of flies, beetles and other
shoi-t>lipped insects. Gaily attired insects like the drone-
flies manifest a preference for the more handsome
blossoms, and are the most frequent visitors of the saxi-

frages, speedwells and forget-me-nots. The beautiful
amethyst Clavaria seen amidst its sui-rounding of moss
impresses the observer with the idea that this fungus
lays itself out to attract the same class of visitors. Insects
which themselves emit an odour likewise manifest a
fondness for strongly-smelling flowers; the odoriferous
bee Prosopis, for example, shows marked partiality for
the strongly-scented flowers of rue and mignonette. The
ofi'ensive odours of the PhaUoidi, though specially
attractive to flies, are in all probability repugnant to
ruminants.
Numerous examples of interfungal resemblance have

been described, and though most of these may be merely
homomorphic, it is highly probable that at least some
of them may be truly mimetic. Many years ago Mr.
Worthington Smith directed attention to three British
fungi which so closely resemble certain common species
that minute examination is necessary to detect the
difference. One of the species thus copied is bitter and
nauseous, so that possibly the rarer kinds escape dis-

covery by being mistaken for distasteful species. At least
twenty species might be named, each of them closely
simulated by another species. Dr. Plowright gives a list

of twelve edible fungi, each imitated by one or more
poisonous species. The Caesarian agaric, esteemed a
delicacy in Italy, is copied by the poisonous amanita, or
vice versa, for it is not always possible to say which is

the original and which the copy ; the common mushroom
has at least three imitators with poisonous properties

—

Jff. me!f,.yiermus. Ag. fastihi/is, and Ag. Taylnri ; one
can easily understand how fatal mistakes occur. Some
of these resembling fungi are no doubt closely related,
but in others the relationship is more remote, as in the
case of a small agaric, referred to by Dr. Cooke, which
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rosonibles A;/, riirunn's in a remarkable way and grows

ill (ho saino situations. Botli liavc the identical odour
of decaying fish, but as the spores of the former are red,

while those of the latter ai-e white, they are classified

in distinct and separate groups.

It has frequently been asserted that the spores of the

lonimon mushroom do not germinate unless they have

been swallowed by some warm-blooded animal. Although
this is denicfl by competent authorities, the fact remains

that agai-ics are eaten by horses, cattle, sheep, squirrels

and other animals. The partiality of certain fuugi for

animal droppings also favours the id^a that some species

at least are benefited in this way. On this assumption

a poisonous species would profit by its resemblance to

an edible species. On the other hand a conspicuous

species with unwholesome properties might afford a

model which edible species might copy with advantage,

if their spores were incapable of withstanding the action

of digestive fluids.

It is held by some that the function of the cystidia

which occur along with the basidia on the gills of

agarics is to fertilise tJie spores, and that to secure cross-

fertilisation insect agencv is necessary. This theory is

bv no means established, and in the present state of oiu-

knowledge it is impossible to say with any confidence

whether the attractive characters of agarics promote dis-

persion or fertilisation or even to be sure that they
arc serviceable in any way.

The conditions under which plants live are not indeed
such that the same amount of protection is required as

in the case of animals, and it is hardly to be expected
that their imitative powers should equal those of the
animal world either in the extent to which deception is

carried or in the variety of disguises assumed. The facts

we have considered are sufficient, however, to show that
in the two kingdoms of organic nature we have to deal
with essentially the same phenomena.
The advocates of natural selection have constantly

appealed with the utmost confidence to the evidence
from mimicry in support of the theory, but this line of

proof is by no means so convincing as has been supposed.
No doubt the green colour of caterpillars may be easily

accounted for by the extermination of the individuals
which happened to be otherwise attired. Many facts,

however, indicate that the explanation is not quite so
simple ; this line of reasoning would certainly lead us
into error in the case of the ilat fishes. When a flounder
IS transferred from a tank with sand to one with a
gravelly bottom spots at once appear on the fish har-
monizing with the gravel, due apparently to reflex action
arising from an alteration in the light rays. Nature
even seems to possess the secret of photographing in
colours, for the pupae of several butterflies acquire the
colour of the box in which they are kept. Accordingly
Mr. A. R. Wallace, while attributing true mimicry as
we have it in the butterfly Leptalis to natural selection,
is constrained to refer the general similarity of tint to
their surroundings which so many animals exhibit, to
the action of light rays reflected from the environment.
Our recently acquired knowledge of the Rontgen rays
and their effects is not without a bearing on the question
at issue. Many substances are known to emit invisible
rays capable of giving rise to changes in the molecular
arrangement of organic bodies. There can be little doubt
therefore that the influence of radiant matt<>r on the
highly complex and plastic substances df living bodies
has played an important part in bringing about those
remarkable resemblances which are included under the
terms mimicry and homomorphism. Such considerations
•do, however, detract very seriously from the value of

natural selection as a factor in organic evolution; so far

as mimicry is concerned there is little left for natural

selection to do, only the finishing touches, so to speak.

The phenomena of homomorphism are also to some
extent adverse to the IJai-winian theory. If we assume

with Darwin that variation is fortuitous the law of

probabilities forbids us to expect coincidences like that

observed in the orchids and asclcpias. In dealing out

cards, for example, the chances against a player receiving

the same set a second time arc very great, and the im-

j)robability increases in a geometrical ratio as the number
of cards is increased ; with a large number of cards the

improbability is infinitely great. There is the same kind

of improbability and that in a high degree against the

production through fortuitous variation and natural

selection of those coincidences which are so frequent in

the organic world. Danvin felt the force of this ob-

jection, which he met by saying—" As two men have

sometimes independently hit upon the same invention,

so it appears that natural selection working for the good

of each being and taking advanta,ge of all favourable

variations has produced similar organs, as far as function

is concerned in distinct organic beings which owe none
of their stnictiire in common to inheritance from a com-

mon progenitor." But this reply does not quite dispose

of the difficulty; the two cases are not strictly

analogous; to make them parallel we should have to

.sup])ose that two men accidentally and quite uninten-

tionally alighted iipon the same invention—a rare

occui-rence indeed. Yet such a supposition is necessary

ill order to eliminate the element of intelligent investi-

gation on the part of the two inventors, to which there

is nothing corresponding in natural selection. When two
similar vai-iations have arisen natural selection

sufficiently accounts for their preservation ; tlic difficulty

is the appearance at two or more points of the orLraiiic

system of identical variations. That this has occurred

again and again goes to show, either that the environ-

ment has exercised a definite influence in generating

particular variations, or that there is in organisms an

innate t^endency to vary along certain lines. In any
case variation cannot be fortuitous, but must have its

course dominated by fixed, though it may be unascer-

tained laws. There is profound biological truth in

Emerson's words : ' Natirre's dice are always loaded."

But a still wider question confronts us. If resem-

blances can arise among organisms apart, altogether from
hereditary relationship what, it may be asked, becomes
of the argument for organic evolution based on similarity

of structure ? If, as Darwin admitted, the eye of a cuttle-

fish and the eye of a vertebrate had an independent
origin, may not the same thing hold good in regard to

many of those likenesses to which evolutionists appeal in

support of their theory ? Homomorphic is differentiated

from hereditary resemblance by the absence of connects

ing forms. The evolutionist postulates the former
existence of innumerable intermediate forms. If these

never had any existence then the alternatives are either

evolution per salfum or independence of origin. Between
the inorganic and the animate no intermediate forms

are conceivable; we are therefore compelled to assume
an independent origin for life. jVnd although we cannot
form a definite conception of such an occurrence, few
naturalists nowadays will be satisfied with a single

primitive type as the original source of all the manifold
forms of life. But whatever view wp may hold on this

point, it is impossible to conceive of the succe.ssive ad-

vances in the organization of plants and animals which
have taken place in past geological time apart from
corresponding accessions of vital energy.
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Conducted by M. ICrpss.
Pond-life Collecting in October.—October is one of the

best months for the poml-hunter ; the weather i.s cooler, the

ponds have become filled with rain-water agpiin, with plentj* of
food material iu the shape of flagellate Infusoria, and the

Crustaceans are on the decline. Iu this month the greatest

variety in species of Rotifera is usually found, )iarticularly of
the smaller and rarer kinds, and not infrequently thirty to forty

species may be obtained in one or two small ponds. As a

general rule one cannot e.xpect much variety when a few species

are present in excessive abundance. The following is a list of
forty-four species of Rotifers actually collected on one occasion
in three ponds on October 15th, 18",I8, showing what may bo
looked for :

—

Hosriilaria regalis, oriiata, cuniuld, timbii/iia,

edeiitata, and aiiiiulata ; Lhunuis anuulnlus, var. granulosus ;

OecisUs rrynlullinus ; Philodina megalotrocha ; Jlolijfcr rult/ari-i ;

.'iiinchaeta tremula and obloiiga ; Asplanclina priodonta ;

Xotops h'lptopu^ ; Puhjarthra platyptera ; Enspliura attriia ;

piircularia lotirfixeta. sterea, and forficuUi ; Primles felis

:

Difjleiia biraphis; Mastigocerca rattua and bUonih ; Coelopux
purceUus and tenuior ; Patlulus bicornis ; Dia.ichiza exii)im ,

Diatyla Jiexilis ; }fo)Wst;ila lunaris ; Dimxharis pnciU'iii;

Stephnnnps himeUuris ; Cathypna luna ; Euchlaiiix aro/iha

;

.)[ft<i/iidiu ac u<it inula ; Brachmmis! angularis and baker!

;

J'oinijlmlyx sulcata; Sulholca labia and ncapha ; Aiiuraea
aiuleata, cochlearis, tfcta, hypclasnia, and xtipitattt. On the

other hand, the various kinds of Rotifers known as summer
forms will now have disapjieared. Pedallon mirum is such a

form which may occasionally still be seen during a warm
October, but is then usually very scarce or absent.

MicitoTOMES (cniilinued). —It is impossible to give descriptions

of all the different microtomes, even if one eliminates tho.se that

do not possess special merit or qualities. It will only be possible

to name two or three, and if further information is required
about them it can be obtained from any of the usual dealers.

Leitz and Rcichert both make good .sound microtomes, the
latter having a high reputation for his continuously working
micrometer screw upon the rivet model. This continuous
working is brought about by simple means, viz., when the

screw has reached the limit of its movement, it is turned through
180° so that its opposite e.xtremity points towards the object-

bolder, when the working can at once be continued.

The Minot microtome for the paraffin ribbou method, by
/imniermm, of Leipzig, is a very e.tcellent form, and Becker
also makes one ou the Schanze and Minot models. The former
is worked by rotating a balance wheel, whose rotary action is

changed into a vertical iuovement of the object slide by means of

acrankaction. When the object slide is moving upwards, a lever

strikes one of the spokes of the rachet wheel which, in turn, moves
the large toothed wheel of the horizontal micrometer screw,

thus advancing the object towards the knife ; it works with
great rapidity, and cuts sections up to 2 x 2" with exactness and
absolutely flat.

The Reinhold Giltay model has points of both ingenuity and
orij;inality ; it is constructed for the paraffin process. It is

mountea upon an iron stand with a wooden cover, in a similar

manner to a sewing machine; the working parts are com-
pensated for wear and tear, aud it is constructed on simihir

principles to the Minot from which it differs in the feed

adjustment. This is effected by tbe slide of the knife block

towards the object by means of a micrometer scrrw passing

through the block, the movement of the object being restricted

to the vertical direction.

The microtomes of Schanze, of Leipzig, have many features

which may fairly claim for them special attention and favour
;

they are second to none in accuracy and beauty of workmanship,
and are unexcelled for general utility.

In order to do work with the microtome, there is certain

accessory apparatus which is necessary, and on which will

materially depend the success or failure of the early experi-
ments. Knives will have to be selected, and the beginner will

find a bewildering number of patterns from which to make his

choice. For general paraffin cutting with sledge microtomes,
the Henking pattern knife, having a blade 6 cm. long and the
handle i) cm. long, is probably the best. Jung's pattern, in

which the blade fits into an ebony screw handle is another
useful form. It may be employed for cutting at right angles

to the microtome guides or obliquely, with a slicing cut, pro-
vided that the knife is of suitable size for the microtome.
Other patterns in use are Weikert's, with a straight handle,

and both sides of the blade concave for cutting celloidin

embedded objects under fluid : and Thomas, or the Heidelberg
pattern, with a curved handle having the underjide flat and the

upper side concave. The latter does the same work as the Jung
pattern already referred to, but does not require a special

holder, as it fits directly to the carrier of the microtome.

The sharpening of the knives is a very important process,

and, excepting this is carefully attended to, it is utterly impos-
sible to cut good sections. Some brief instructions on these

matters appeared in Knowledge, July number.
A few words may be added to emphasize the necessity for

the proper preservation of the objects that are to be cut into

sections. Living organisms or parts of them must be taken at

the time of robust health and killed and fixed instiintaneously,

with the substances best suited for obtaining the desired results.

All the fixatives known to science will not preserve the lifelike

stages in the histology of the subject when once post-morlcin
changes have taken place. The subject of fixing, embedding iu

celloidin and paraffin, staining en bloc, and mounting generally,

are so fully treated in books on these specific subjects that the

space available in this journal will not admit of treating each
of the processes in detail.

There is one imjiortant point, however, with regard to paraffin

for embedding ; different writers disagree as to the melting point
of the wax that should be used ; as a matter of fact, all grades
are useful, and the melting point of the paraffin will depend on
the temperature of the laboratory in which the work is done and
the thickness of the sections required. If the room is 1.5" C,
and sections are required lU « thick, paraffin with a melting
point of 46° C. will be suitable; but for sections ;'>;"• thick

with the same room temperature, a higher melting pjint of
paraffin must be employed, say, 48° C. or oO" C.,and for sections

1 fi thick, and the same room temperature, the wax must have
a still higher melting point, and rice rersd.

If the paraffin is too soft for tbe temperature of the work-
room and thickness of sections, then the sections will probably
crumble together ; if the paraffin is too hard the sections will

curl or roll upon the knife.

System in this work, as in everything else of so precise and
delicate a nature, is the one importaut thing : nothing must be

done in a hurry, but every stage carefully arranged for and
anticipated.

Practical Scheme.—Through the courtesy of a reader we
are able to offer to such as may wish to avail themselves of it,

material for distribution.

It consists of Rasal Reef Rock, containing a variety of
organisms living iu comparatively shallow tropical waters,

probably in Pliocene time, as well as interesting inclusions of
the older oceanic beds:—tJlobigerina in rock; Radiolaria in

rock ; Diatoms in rock. These should properly be ground for

microscopical examination.
The supply is not a very extensive one, but it is of special

interest, and will be forwarded to applicants on receipt of
stamped addressed label, together with the coupon wluch will

be found in the advertisement pages.

NOTKS AND QUERIES.
./. S.—-The light-dispersing power of the glow-worm has been

attributed to several causes. It was at one time thought to Ix^

caused by |)hosphorous, but this theory has not been confirmed
by later researches. Some experiments have been conducted
by a French naturalist, who proved that the illumination is used
as a means of .signalling between individuals of the same species.

He placed a glow-worm in a glass tube, but it emitted no light

until others of the same species approached ; then to attract

their attention it emitted jets of light in rapid succession.
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These wore rospoiuled to by the other insects and tho moment
the impriaoneti one wiis assured that it had attracted the

attention of the new comers, it ceased to emit light.

Li. Damaiit,—The study of marine life covers such a very

broad area that you would almost need a library for the purpose
of identification of specimens. Probably one of the most
comprehensive books you can have would be the Jticrographic

Dictionary, costing i'J 12s. Gd., Carpenter's " Micro.scope and
its Revelations," edited by Dr. Dallinger, ought also to be of

material assistance to you ; the cost of this is 28s. Probably
your best plan would lie to get into communication with one of

the Marino Hiologioal Stations, from whom you could no doubt
obtain particulars of the most suitable apparatus and processes.

The two best microscopical societies are The Hoyal Micro-

scopical Society and The Quekott Club ; both of them meet
at "20, Hanover Square, London, W. You would find their

journals helpful. The 2" objective would be a useful addition

to your equipment. I am very much obliged for your offer to

collect material.

A Igic.—A correspondent has pointed out a slip which occurred

in the Algie article last month, on page 212, column 2, para-

graph 4. H"or " chloride of lime " read " carbonate of lime.'

Readers might also note that if tufts of seaweed, which are not

in a growing conditioij, are required to be kept for any length

of time, they must be preserved in strong salt water or

glycerine—they will not keep long in sea-water.

Communications and enquiries on Microscopical matters are

cordially invited, and should be addressed to M. I. CROSS,
Knowledge Office, 326, High Holborn, W.C.

NOTES ON COMETS AND METEORS.

By W. F. Denning, f.r.a.s.

New Comkt.—Mr. C. D. Perrine, of the Lick Observatory, Mount
Hamilton, discovered a new comet on the morning of September 1st,

about 6° S.S.E. of the variable star Algol. From computations which
have been made it seems the perihelion passage will take place on
November 23rd, and that the comet is approaching us and rapidly

becoming brighter. Its position is exceedingly favoui'able for observation

in the northern hemisphere. At the beginning of October the comet
will be in or near the head of Cepheus, and may be reatldj' found, as

it will be tolerably conspicuous and probably visible to the naked eye.

During the month named its motion will become increasingly rapid,

and in a direction approximately towards the sun's place.

The following ephemeris for Greenwich midnight has been

computed by Dr. D. Smart, of London, from Stromgen's parabolic

elements :

—

Date E.A. DecUnatiou. Bri^btuess.
1902. H. M. s.

o Sep. 1 = 1

September 30 ... 23 32 12 +57 1 160
October 4 ... 21 22 32 52 50 228

„ 8 ... 19 42 4 40 14 25-7

12 ... 18 44 24 26 4 232
10 ... 18 10 50 14 48 191
20 ... 17 49 36 6 43 15-7

21 ... :7 34 32 -H 55 13-6

28 ... 17 22 48 - 3 24 12 3

Tempki.-Swift's Comkt (1869 III.).—We may shortly expect to

hear of the re-discovery of this well-known periodical comet. Its

time of revolution is as nearly as possible 5^ years, for its first

observed perihelion occurred on 186tl, November 18, while the last

took place on 1891, November 14, the comet having, in the interval

of 22 years, completed four circuits of its orbit. The position of its

path and length of its period are such that the object can only be

observed at alternate returns to perihelion, for at its approaches

to the sun in 1875, 1886, and 1897, the comet was placed on the

opposite side of the sun to the earth, and therefore rendered invisible

by two causes, viz., its great distance and the interference of solar

light. It owes its first discovery to Tempel, at Floronec, on 1869,

November 27, when it was situated near the star a Pegasi, and
appeared as a faint object about 2^ minutes of arc in diameter. It

was rc-detected by Lewis Swift at Rochester, New York, on 1H80,

October 10, and after a few observations had been obtained, Chandler

and Schulhof pointed out the similarity of its elements with that of

Tempel's comet of 186.), and inferred a period of 5.J years. This

was verified by the reappearance of the comet in 1891. and it will

doubtless be seen again during the ensuing autumn. Visible only as

a faint telescopic object, it canno* be said to possess any specially

attractive features for the observer, but astronomers regard it aa a
very interesting example of the Jovian family of comets, the number
of wliich has been greatly increased in recent years, owing to the

assiduity and success with which comet-seekers have pursued their

labours.

FiRKDALL OF ArorsT 21, 14h.—Astronomical observers appear

to have been caught napping on the early morning of Friday, August

22, when one of the most brilliant and remarkable meteors of

recent years made its apparition. Apart from its unusual size, the

exceptional features about it were its extreme slowness of motion,

its great length of path, and the dense tail of sparks which it left

behind. About twenty descriptions have come to hand from ca«ual

observers, and it may be interesting to quote some of the details:

—

Mr. .1. E. Sanders, Plymouth, was on board a ship abreast of Mewstone
when there suddenly appeared a very bright light with a lariie head,

which travelled at a great pace. It lit uji sea and land for miles

around as if it were day. Rising in the W.S.W., it travelled in an

horizontal position to the E.N.E., passing 10 or 12 degrees below the

moon, and leaving a long curved tail in its wake. Its duration

was about 2 minutes. Mr. Sanders says that though he has been 33

years at sea, and travelled in all parts of the world, he has never

seen any celestial sight comparable with that of the fireball.

Mr. J. Durston, Plymouth, was on the Hoe, and says the meteoi-

was of great length, large head with slightly curved tail, and mag-
nificent brilliance. It sped across the sky at a terrific rate percepiibly

(to all appearance) dividing the lower strata of cloud. It was

travelling from W.S.W. to E.N.E., and apparently broke up at the

end, after being visible 30 seconds. First seen in azimuth, S. 71° W.,
and disappeared in azimuth, E. 5° S.

At 8t. Agnes, Cornwall, a spectator says it was first noted away in

the south as a star of great brilliancy, moving very slowly round to the

N.E., and disappearing at the horizon without having spent itself.

It had no tail, and it kept at the same apparent altitude throughout,

though it travelled a very long distance. The St. Agnes observer

adds tliat tliis is doubtless " the same object as seen by Mr. Durston at

Plymouth, but with this difference, that no tail was visible at St.

Agnes, and that its speed was excessively slow."

Dr. Wm. Whitworth, of St. Agnes, describes it as appearing in the

south and disappearing in the N.E., after traversing a most unusual

length of sky. The speed was comparatively slow ; the ball of fire

seemed to glide rather than shoot through the air. Altitude 20" or

25", duration 40 seconds.
" R. J. W. M.", writing from Sandquay, Dartmouth, says the meteor

appeared at 2h. 5m. a.m., and travelled very steadUy across the sky

from W. to E. It had the aspect of a perfectly round blue ball

without a tail.

R. R., Devonport, was on board a pilot boat close to the Eddystone
Lighthouse when he suddenly saw an object as bright as the moon,
and with an enormous tail of fire, taking an horizontal flight right

across the heavens, and increasing in brilliancy in its travel until u«ar

the E. horizon, when it died out. Duration 30 seconds.

Polperro fishermen observed the meteor. It was '' awfully grand

and visible for a lona time," passing straight across the sky from
S. of the Dodman to N. of Rame Head, shooting out a tremendous

number of stars along its course. " Sailors who have sailed in many
seas aver they never saw anything like it before."

A Southampton correspondent alludes to the meteor as appearing
over the River Test side of Southampton Water, and travelling with

phenomenal slowness from W. to E. It looked like a great ball of

fire, and left a very long trail of electric blue sparks in its wake.

Mr. W. H. Rowe, Leigh-on-Sea, gives the time as 14h. 2m., and
says he watched the fireball pass from S. 15° W. , altitude 8°, to S. 67°

E., altitude 8°. Diameter ith that of moon. Tail of brilliant

fragments, dying out 2° from the nucleus. Duration 30 to 35
seconds.

Mr. C. F. Dowsett, Basingstoke, says the fireball passed in a straight

line from W. to E. Portions seemed to descend from it, while the

larger part continued its flight. It appeared travelling at the same
rate as a train making 40 miles an hour. The position where he lost

sight of it was a little S. of E.

Messrs. Blythe and Shorney, Tamworth, near Birmingham,
describe the meteor as leaving few sparks behind it. It moved
horizontally and very slowly towards the E.
At Sidcu]), Eltham, it was very brilliant; ti-avelled quite slowly in

au horizontal path. Duration probably half a minute.

At London it passed from west to east across the sky, and its

direction was parallel with the horizon. Its duration of flight was

half a minute, and it developed a tail like that of a comet. Three
Australian troopers, who were standing at Hyde Park Corner, say it

appeared to travel horizontally towards the S., that it was visible about
3 minutes, and had a long tail.

From these and a few other accounts, which are not, however, very

definite and satisfactory, the following approximate real path has

been derived :

—
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Height lit beginning .. 59 miles over a point in lat. 474° ^p
long, 91

' W.
Height at cniliiig ... 27 miles over a point in lat. SOi" N.,

long. 4" E., near St. Omer, France.

Length of path ... 611 miles.

Velocity ... ... 15J miles per second

Radiant point ... 2S3° — lOi" low on W.S.W. horijon.

The fireball traversed the whole length of the Knglisli Channel,

and in a direction from \V S.W. to E.X.E , nearly parallel with the

south coast of Kngland. The observed ])ath was abnormally long.

The velocity is obtained by adopting 40 seconds as the whole duration.

The observations furnish some contradictions, and it seems impossible

to deduce anv very exact results from them.

THE FACE OF THE SKY FOR OCTOBER.

By W. Shackleton, f.r.a.s.

Thr Sun.—On the 1st the sun rises at 0.1 and sets

at 5.39 ; on the 31st he rises at (i5'2 and si'ts at 4.35.

The sun rises partially eclijised on the 3 1st, the eclipse

ending at 7.1, oulv nine minutes after sunrise.

The Moon :

—
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STUDIES IN THE BRITISH FLORA.
By R. Lloyd Praeger, b.a.

VI.—THE LIFE AND DEATH OF BOaS.

When i\ev\i tiirf7euttings in a bog expose the base of the

peat anil the beds which uuderlie it, these, as lias already

Ijcen jioiuted out, frequently consist of white lake-marls

;

in other instances of black mud, the result of marsh con-

ditions ; or the ix!at may rest direct on gravel or Boulder

clav or solid rock. It may be assumed fairly that a bog

—

that is, a spongy sphagnous vegetable mass—has generally

had its origin in a marsh, which may in its turn have

taken the place of a lake or pond. The marginal vegeta-

tion of a pond protrudes from the edge as a floating rim,

which keeps on growing above, while the lower layers

decay and their waste drops to the bottom and slowly

builds up a solid foundation for the broadening rim, till

the whole is filled with semi-solid ground. Every stage,

from the open lakelet full of Charas and Pondweeds,

which grow on the limy bottom, to the marsh with its

tansrle of Rushes and Sedges, may be studied in any

locality where small sheets of water abound. The passage

of marsh to bog is not so easily found, just as ou the hill-

slojws we fail to find fresli ]ieat-bog forming on areas not
already covered with peat. The explanation would appear
to be that, as a matter of fact, fresh bogs are not forming
—but more of this anon.

We may assume that when our peat-bogs were in their

infancy, Sphiujinnii and its associated plants took possession

of the ground when marsliy growth had proceeded suffi-

ciently far to ensure a permanently wet spongy subsoil.

Once bog-growth was started, under the favourable climatic

conditions which then prevailed, it may have proceeded

with great rapidity, the bog-plants checking drainage,

storing ii]3 water, and spreading ever from their centre. In
this way the bogs rolled slowly outwards from the marshes
or springs where they originated, and eventually over-

whelmed great areas that had been well-drained land. On
the hills, where higher rainfall gave increased facilities,

the bogs spread up and down the slopes, enveloping whole

mountain-ranges in a vegetable covering.

The lower layers of our peat-bogs are usually full of the

stumps and roots of trees. The whole of the bog some-
times overlies these old forests, which, in such cases, as the

roots show, grew on the surface of the clay or gravel which
the bog afterwards covered. But in most instances the

trees are rooted in the peat, and sometimes successive

layers of tree-stumps show that several epochs of forest-

growth occurred during the accumulation of the peat.

The distribution of these trees, consisting chiefly of Scotch

Fir and Oak, buried in bogs, deserves special considera-

tion. They are found to extend in Scotland far north of

the present limit of the species, while in Ireland, where

the Scotch Fir is now extinct as a native, the remains

of this tree occurs in enormous quantity throughout

the land. In both countries the old forests appear at

elevations in the mountains far beyond the present upper
limit of the species. Along the exposed western coasts of

Scotland and Ireland, enormous stumps may be dug out

at various levels where now, even with artificial protection,

trees vrill not grow. Not only that, but in numerous
places round our shores, between tides, or even far below

low-water mark, tree-bearing peat occurs. So that

the evidence of the trees of the lower part of our peat-

bogs indicates not only a somewhat different climate,

which allowed a much wider extension of these forest-

growths, but a greater elevation of the land. At Belfast

a bed of jwat, with Hazel and Scotch Fir remains, and

bones of Red Deer and Wild Boar, occur at 27 feet below

high-water mark, and the beds which overlie it prove that

subsequent to its deposition a depression of 50 or 60 feet

took place, followed by 30 or 40 feet of upheaval.* And
not onlv have the sea-beaches and sea-bottom where these

submerged trees occur been dry land, but, as Prof. James
G-eikie points out,f the luxuriance of the forest-growth

which formerly flourished on what is now exposed and

treeless coast, shows that at that period the shore-line

must have been some distance removed ;
" there can be

little doubt that at some time during the latest great

extension of the European continent, the upraised beds of

the Irish Sea, the English Channel, and the G-erman

Ocean, were included under the folds of that broad mantle

of green forest, the relics of which are so conspicuous in

our peat-mosses." Such an extension of the land would

undoubtedly assist in supplying the comparatively con-

tinental climate and lessened exposure which would

* Praeger :
" On the Estiiarine Clay at the new Alexandra Dock,

Belfast." Proc. Belfast Nat. Field Club, 1886-87. Appendix.

+ James Geikie ; "On the buried forests and peat-mosses of Scotland,

and the changes of climate wliich they indicate." Trans. R. Soc.

Edinburgh, XXIV., pp. 363-384. 18GG.
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arcouiit for llio former wide ilisiril)uf.ion of pine ;inil oilier

woods. .Similarly, the passing' away of llie forests, and
their n^idacement l>y Siiliinjiiiim a,i>d the hog-tlora, minht
well be conuected with those geologieal changes which,
giving our islands their present contour by depression of
tiie land, brought in a milder and wetter insular climate.
In our great peat-bogs, these forest-growths are confined
to the lower layers. The main mass of the jjeat has
been formed by Sphagnum and its associated jdants after
the forests passed away, and under the influence of a wet
Cold-Temperate climate. The old forests have been deeply
buried, and the bog-flora has reigned supreme in the
British Isles, especially in the north and west, and
since the beginning of history has furnished the most
remarkable feature of the floral characteristics of our
country.

So much for the origin and growth of bogs. Like
everything else on this earth, their life is limited. They

strumentjil in Imilding up the b<»g8, still grows bixuriantly,

and there is no indication in many cases that the bogs are

not st ill growing as fast as they ever grew. Hut on some bog.s

the lu.xuriant cushiony growth of Sphagnum, mixed with

Eriaphorum, Nin-lhi'cinm, Khijnchns^porii
,
gives place to a

thin scrubby vegetation from which Sphagnum is absent,

and among which the bare sodden peat continually forms
black patches. Such a bog, though on level ground not

yet actually wasting away, is dead so far as growth is

concerned. Elsewhere a luxuriant crop of Ling rejdaces

the many-coloured Sphagnum, and tells of a diminution of

water supply. Such a bog is near its end, for Ling cannot
form peat. But it is on the hills, among the bliwk bogs,

that signs of decay are most clearly evident, ju.st as Prof.

Geikie has pointed out as regards the Scottish hills. Thus,
Kippure (2473 feet), the highest point of the Dublin hills,

shows, even at a distance of some miles, a slightly serrated

crest. This is found on ascending to be due to the fact

Scotch Fir, witli Peat above and below it: Co. Antrim.
[R. Welch, fhoio.

do not go on growing for ever, and it would seem that the
Age of Bogs, as we may call it, through which these
countries have been passing for the last few thousand
years, is now on the decline. Prof. James Geikie is of
opinion that bog-growth is waning in Sjotland. Regarding
this he speaks with no uncertain voice :

—" A glance at
the present aspect of our peat-mosses will convince any
geologist that this formation has not only ceased to spread,
but is in most cases rapidly diminishing. The moisture
which in former times afforded it nourishment and support,
has now become its chief enemy. Every shower of rain,
every frost, gives fresh imjjetus to the decay

; and leaving
altogether out of account the operations of agriculture,
we can yet have no doubt that natural causes alone would,
in time, suffice to strip the last vestige of black peat from
hill and valley. . . . The peat-mosses of Scotland are
thus only a wreck of what they have once been."*
On the Irish bogs the signs of decay are not so general

nor apparent, but many interesting individual case.s may
he studied. On the great red bogs of the Central Plain,
l)og-moss or Sphagnum, the jilant which has been chielly in-

* ioc. piV., pp. 381,382,

that the great cap of peat, 12 feet or more in thickness,

has been cut into by wind and rain, and eaten away till

stretches of bare disintegrated granite alternate with great

bastions of peat, capped with a growth of Ling. Peat so

exposed will disappear rapidly. Eaiu, frost, and drought
alike play havoc vsdtli it, and wind and streamlets carry it

down the hill-side. In many other places, where deep
deposits of peat prove a former luxuriant bog-flora, the

vegetation now consists of dry wiry grasses, such' as

Nai-(his stricta, with stunted Ling and Wliortle-berry.

Such a plant-group will never form peat ; the plants

which made the deposit on which they grow are dead and
gone. To compensate for the decay of the peat-flora, we
do not find that in any portion of the country fresh bogs
are forming ; and we are driven to conclude that the

formation of peat is on th(> decliue. While man's ojiera-

tions are responsible for the destruction of much peat, by
turf-cutting and by drainage and cultivation, this cause is

wholly insufficient to account for the facts, as the best

instances of bog decay are seen in situations whiih the

operations of man have never extended to, or even indirectly

affected. Some change of conditions must be looked for

which has affected the whole country, and Prof. Geikie



November, 1902.] KNOWLEDGE 243

(oufludes, with much reasoD, that it is prohablv U^ l>e

sought iu a jjradvially diininishinir rainfall.

Tlieiv is another manner in which a bog may meet
destruction —a way which is always dramatic, and some-
times may involve serious catastrophe. This happens
when, owing to continual growth, the bog becomes
unstable, and either slides bodily, or ruptures its walls and
emits its contents. In order to understand how this takes

place, we must study the structure of a bog. Tlie thirty

or forty feet of material which in a largc> peat-bog se])arates

the surface from the underlying solid ground is not by

any means of a consistency as firm as that of the surface

layer. The intertwining stems and roots of the growing
plants form a light matted felt which is comparatively

firm, esj)ecially towards the margins of the bog ; iu the

centre there are often holes in the crust, filled with mud
or water, and connecting with the interior. This interior

is tluid compared with the crust. The decomposed matter

of the surface layers sinks to the bottom, and may form
there a comparatively dense deposit, but the middle layers

consist of thin inul. aivl '>ften contain vast quantities of

An ol,l Ti Atliintic; Co. Sligo.

fE. Welch, Photo.

water, -which either descend from the surface in wet

weather, or ascend from springs in the bottom of the bog.

The felted crust is usually sufficiently strong to resist the

pressure of the semi-fluid interior, even on large bogs which
are situated on sloping ground ; but exceptional circum-

stances may cause rupture An unusually wet season may
swell the bog beyond the ]>oint of stal>ility : or the

stoppage of underground channels may cause great

gatherings of water, and ultimate collapse of the crust

;

or turf-cutting injudiciously carried out may weaken the

margin of the bog ; and a bog-flow may result. These flows

vary greatly iu their character. The bog may slide bodily

forward over its more fluid layers, so that the movement
resembles a land-slide. This is, for instance, what
happened in Joyce Country, Connemara, in September,

1821, when "upwards of a hundred acres of land, on

which crops were growing and several families resided,

were heard to emit a sound resembling thunder ; th-- earth

then became convulsed, and eventually this large tnict

moved down towards the sea, leaving the whole routejover

which it passetl <a complete waste."* A quaint and in-

teresting account of a similar occurrence in Co. Limerick
in 1(!!I7 may b(> read in the Phihiixiphical Tranfiftrlhnsf :

—
" On the 7th day of .Tune. lOH", near Clirirhrlllt\ in the

County of Liiiicrlrk. in Ireland, a great Rumbling, or

faint Noise, was heard in the Earth, much like unto a

Sound of Thunder near spent ; for a little Space the Air
was somewhat troubled with little Whisking Winds,
seeming to meet couirary Ways : And soon after that, to

the (ircater Terror and Afrightment of a great Number of

Spectators, a more wonderful thing happened ; for in a

Bog stretching North and South, the Earth began to move,

viz., Meadow and Pastvire Land that lay on the Side of

the Bog. . . . This Motion began about Seven of the

Clock in the Evening, llmtuatingin its Motion like Waves,
the Pasture-Laud rising very high, so that it over-run the

ground beneath it, and moved upon its Surface, rowling

on with great j)usliing violence, till it covered the

Meadow, and is held to remain upon it 16 Feet. . . ."

In many other cases the bog has burst instead of slid. A
few reports of such occurrences may be quoted :

—

" A large bog of 1500 acres, lying between Dundrum
and Cashel, in the County of Tipperary, began to be

agitated iu an extraordinary manner, and to the astonish-

ment of and terror of neighbouring inhabitants. The
rumbling noise from the bog gave the alarm, and on the

oOtli it burst, and a kind of lava issued from it ... .

oversjireading and laying waste a fine tract of fertile land.

.... Everything that opposed its course was buried in

ruins. Four houses were totally destroyed, and the trees

that stood near them torn up by the roots.":[: Again,

"After a sudden thaw of snow, the bog between Bloom-
field and Geevah [Co. Sligo] gave way ; and a black deluge,

carrying with it the contents of 100 acres of bog, took the

ilirection of a small stream, and rolled on with the violence

of a torrent, sweeping along heath, timber, mud and stones,

and overwhelming many meadows and arable land. On
j.nssing through some boggy land, the flood swept out a

wide and deep ravine, and a part of the road leading from

Bloom field to St. James's Well was completely carried

away from below the foundation for the breadth of 200

vards."§ In some cases the disturbance, at least at first,

was local, and clearly caused by the undue accumulation

of water, presumably owing to stoppage of the ordinary

drainage channels. For instance, from an account of the

bursting of a bog in Co. Antrim iu 1835, sent to the

Magazine of Natural Hidory,\\ we gather that during one

day a portion of the surface of the bog swelled up till the

convexity was 30 feet in height, when with a noise like a

i-ushing "wind, it sank several feet, ejecting tufts, mud, and

water; two davs later the same movement was repeated,

and eventually a great discharge of mud and water took

place. The liquidity of the discharged interior varies

greatlv in different cases. As we have seen from some of the

quotations above, the flow sometimes assumes the form of

a rapid torrent. On the other hand, iu one instance a

farmer, digging potatoes, looks up to discover a brown

mass creeping across the field towards him.^ And Sir

William Wilde states that in the well-known bog-flow of

Kilnalady, in King's County, the bog-stuif " moved down

the vallev at the rate of about 2 yards an hour, with a

* " Census of Ireland, 1851," Part V., Vol. I. p. 90. 1856.

+ Phil. Trans., Vol. XIX., pp. 714-716. 1697.

t Oentleman's Magazine, Vol. LVIII., p. 355. 1788.

§ Lyell : " Principles of Geology," lOth Ed., Vol. II., p. 504.

II
Maff. Nat. Hist., Vol. IX., pp. 251-261. 1836.

t Savage :
" Picturesque Ireland," pp. 234, 235.
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front 200 yarils wiflo and 8 feet deep."* In Ixith the

cases last quoted the catastrophe was clearly traceable to

unscientific turf-cuttinj^. To the same cause is to be

attributed tlic t'lital bo^'-tlow of 2Hth December, ]89(i, near

Killaruey, whereby Lord Keumare's quarry steward, his

wife, and six children, lost their lives, and much arable

land was destroyed. The writer can speak from his own
knowlcdi,'e of this botj-flow, havintr visited the ground and
prep;ufd, in conjunction witli Prof. Sollas, a reportf to

the Hoyal Dublin Society on the catastrophe. This was a

lar^e bog, 750 feet above sea-level, lying on a watershed,

and draining in three directions. The rupture took pla(«

along the face of a turf-cutting, and a vast flood poured

forth, overwhclniiug two roads and the cottage in which
the unfortunate Donclly family were asleep, and rushed
down the valley with diminishing violence till it reached

the Lake of Killarncy, fourteen miles away, in which some
of Donelly's furniture was afterwards found floating.

The flood continued in diminishing quantity for five days,

not regularly, but intermittently, as fresh portions of the

bog gave way, with loud noises, and slid into the torrent,

the lighter upper crust being borne along in floes on the

surface of the inky flood. Before the outburst, the surface

of the bog had been convex. When the flow subsided, a

valley extended from the point of collapse, over the greater

portion of the bog, 7 furlongs long by 5 furlongs wide,

with a maximum depth of 28 feet. As the former height

of this part of the bog above the margin of the depression

was some 7 feet, it follows that the total maximum sub-

sidence amounted to 3.5 feet. Here, and along the centre

of the new valley, the bog was completely evacuated, the

white bottom gravel showing among the stranded floes of

surface crust. A well-marked lip marked the margin of

the disturbed area. Inside this, the crust was broken by
a series of parallel crevasses, caused by the slipping in

of bog, and filled with water and bog that had risen from
below. These crevasses were narrow at first, becoming
wider further in, till near the centre line of the flow the

area of heathy surface was small compared with that of

semi-liquid peat.

Calculation of the volume enclosed between the surface
of the bog before and after the catastrophe showed that
six million cubic yards of material had been discharged,

the greater portion of it within the first few hours of the
outburst. This matter consisted of water charged with
bog-mud, and carrying along with it great lumps of the
more solid crust of the bog, innumerable stools of Scotch
Fir from the lower layers of the bog, with trunks of trees

and every other movable or breakable thing that the flood

encountered. As the discharge lessened, these were left

stranded, and the sight of the valley filled with black
slime, out of which stumps and roots protruded like wildly
waving arms, and in which, no man knew where, the naked
corpses of the Donelly family lay entombed, was melancholy
in the extreme. The high-water mark of the flood was
rendered conspicuous by the fact that there was deposited
the lightest portion of the material, forming an abrupt lip

two feet in thickness, which, in our report, we likened to

out])oured oatmeal porridge.

It will be noted that all our examples of bog-flows have
been drawn from Ireland. Ireland is, indeed, not only as
regards Europe, but as regards the whole world, essentially

the country both of bogs and of bog-flows. A recent
estimate shows that in spite of continued reclamation,
1861 square miles, or one-seventeenth of the whole surface
of the country, is under low-level peat-bogs. As regards

• "Census of Ireland, 1851," Part V., Vol. I., p. 189. 1853.

t Sci. JProc. E.D.S., Vol. VIII., N.S., Part 5. 1897.

bog-flows, Klinge,* one of the most recent investigators

of the subject, after a diligent hunt through European
literature, produces records of but two occurrences of the

kind outside Ireland. To these. Prof. Sollas and the writer

have added but two others ; these four are located, one in

England (Solway Moss), one in Germany (Treuenfeld,

01deii})urg), and two in the Falkland Islands, off Cape
Horn. In Ireland bog-flows are of comparatively frequent

occurrence. Seventeen are listed in the report on the

Kerry flow, already referred to, and many have passed

unrecorded.

DR. AITKEN ON SUNSHINE AND CLOUDY
CONDENSATION.

By Dr. J. Gr. McPheeson, f.e.s.e.

Although no man has wrought so hard as Dr. Aitken to

establish the principle that clouds are mainly due to the

existence of dust-particles which attract moisture on
certain conditions, yet even twenty years ago be said that

it was probable that sunshine might cause the formation

of nuclei, and allow cloudy condensation to take ])lace

where there was no dust.

Eobert von Helmhotz and Professor Richarz, in their very

beautiful experiments made with the steam jet. endeavoured
to show that cloudy condensation was due to the molecular

shock produced by the chemical processes going on in the

neighbourhood of the jet. This theory Dr. Aitken has

ingeniously exploded in his communication to the Royal
Society of" Edinburgh. He says :

" Supposing we even

admit that a molecular shock of the kind could determine

condensation in a supersaturated vapour, it must be

remembered that the degree of supersaturation in a steam
jet in the open air where there is dust is extremely slight

—the particles of water are so close that any strain easily

relieves itself. Further, it must be remembered that the

vapour in the jet is nearly in equilibrium with the drops

of the size jJi'esent in the jet."

There must, therefore, be some other means of ac-

counting for cloudy condensation, in cases where there is

no dust. Under certain conditions the sun gives rise to

a great increase in the number of nuclei. Accordingly, Dr.

Aitken has cai'efully tested a few of the ordinary con-

stituents and impurities in our atmosphere to see if sun-

shine acted on them in such a way as to make them
probable formers of cloud-particles.

He tested various gases, with more or less success ; and
he has communicated his results to the Society. He found
that ordinary air, after being deprived of its dust-particles,

and exposed to sunshine, does not show any cloudy con-

densation on expansion, but when certain gases are in the

air a very different result is obtained.

He first used ammonia, putting one drop into six cubic

inches of water in a flask and sunning this for one

minute ; the result was a considerable quantity of con-

densation even with such a weak solution. When the

flask was exposed for five minutes the condensation by the

action of the sunshine was made more dense. Though
double the quantity of nitric acid was put into six cubic

inches of water, the condensation was not so dense.

Hydrogen peroxide was tested by Dr. Aitken in the

same way, and it was found to be a powerful generator of

nuclei. Curious is it that sulphurous acid is puzzling to

the experimentalist for cloud formation. It gives rise to

condensation in the dark. On some days it was impossible

to get the coudeusatiou to cease entirely. But sunshine

very conclusively increased the condensation.

Sulphuretted hydrogen, which one always associates

• Ueber Moorausbruche. So^ J^aAriweAer, Bd. XIV., p. 42(J. 1S92.
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with the smell of rotten eggs, gave deuse condensation
after being exposed to sunshine. Clilorine was one of the
most interesting of the gases tested by Dr. Aitken, as it

caused condensation to take place without supersatu-
ration.

In his investigations. Dr. Aitkeu considered how long
these nuclei, due to the action of sunshine in certain gases,

would remain active for cloudy condensation. But he is

not yet prepared with very satisfactory results. Some are
very short-lived—fifteen minutes to half-an-hour being
sufficient for the diluted hydrogen peroxide in the flask

to lose its power of cloudy condensation ; while the nuclei
from sulphurous acid remained active for a considerable
time.

He IS now convinced that it is ])ossible for cloudy
condensation to take place in certain circumstances iu the
absence of dust. This seems panwlo.xical when we
remenilx>r Dr. Aitken's beautiful experiments twenty years
ago ; but in ordinary circumstances dust is needed for
cloud formation. However, supposing there is any part
of the upper air free from dust, it is now found possible,

if any of the g-ases experimented on be present, for the sun
to convert them into nuclei of condensation, and permit
of clouds forming in dustless air, miles above our atmos-
phere.

In the lower atmosphere there are always plenty of dust-
l)articles to form cloudy condensation, whether the sun
shines or not. But in the higher atmosphere, and iu the
region above our atmosphere, clouds can be formed by the
action of the sun's rays on certain gases. This is a great
boon to us on the earth, for it assures us of clouds to

defend us from the sun's extra powerful rays, even when
our atmosphere is fairly clear. Dr. Aitken's communica-
tion is of some meteorological importance ; but he is

cautious, and we wait for his more matured conclusions.

ASTRONOMY WITHOUT A TELESCOPE.
By E. Walteb Maunder, f.r.a.s.

XIX.—THE COLOUES OF STARS.

In concluding my review of departments of observation

open to the "astronomer without a telescope," I wish to

glance at one which offers him some small opportunity,

although in general jt must be considered one for the

possessors of telescopes and those even of considerable

size.

The wide difference which there is between star and star

as to brightness is apparent on the very first glance

towards the heavens ; it requires a more careful scrutiny

to realize that they differ also in their colour and in the

character of their shining. The ancients carried their

discriminaiiou of the difference in the brightnesses of stars

so far as to recognise six magnitudes, and added the further

refiu<!meiit that they noted many stars as being somewhat
brighter or somewhat fainter, as the case might be, than the

average star of their magnitude, but when it came to the

question of colour they hardly noted any differences at all.

The stars in general were described as yellow, six only being

recorded as " fiery." Of these six we should class five as

being distinctly orange or I'ed—Autares, Betelgeuse,

Aldebaran, Arctunis and Pollux. The sixth, Sirius, is to

us an intensely white star, and there have been many
discussions as to whether it has changed its colour in the

last 2000 years, or whether the description given of it

—

" fiery red "—is due to some mistake in the record, or

whether the excessire scintillation of the star may account

for it. For, as we see it now when near the horizon, a

momentary flash of vivid red flames out from time to

time, due to the irregular dispersion of its light in passing
through the tremulous atmosphere. It is from this that
Tennyson, most exact of all the poets in his scientific

references, calls Sirius " fiery " in the well-known passage
from the " Princess " :

—

" The fiery Sirius alters hue
And bickers into red and emerald."

A careful comparison of star with star will soon show
that this classification is far from exhausting the differences

of tint which may be recognised amongst the stars visible

to the naked eye. Indeed the Star Colour Section of the
British Astronomical Association, under the able and
energetic direction of Mr. W. S. Pranks, f.e.a.s., some
few years ago drew up a catalogue of all the stars of the
fifth magnitude and brighter, and recognised no fewer tliau

twenty different tints or shades. The immense majority
were indeed white, or white with a more or less evident
tinge of yellow, up to a fairly full yellow, and the observa-
tions were made tor tlie most ]3art by means of refractors

of three to four inches in aperture, or of reflectors of six

to eight inches. The observer, therefore, who has no
telescope, or who at best possesses but a good field-glass,

would neither be able to deal with stars so faint as the
fifth magnitude, nor to detect as many differences of

colour.

Nevertheless, with a good field-glass some three hundred
stars would be within his reach, and with the naked eye
alone quite one hundred, the colour of which he might
successfully estimate, and in all probability with patience

and experience he would succeed in grouping these iuta

fully a dozen different categories. The work would soon
be felt to be an attractive one, for delicacy of discrimina-

tion would be sure to come with practice ; and the sense

of the power to discriminate with Cjuickuess and certainty

between two stars which at first glance showed no difference

would certainly bring pleasure.

In the work of estimating the colours of stars, there are

two different points to keep in mind. The one is, what
point lu the spectrum should be taken as best representing

the dominant tint of the star. The other, what is the
intensity of that tint, for it must be remembered that the

stars give continuous spectra, that is to say, the ground-
work of their spectra is essentially continuous. Koughly
speaking they all give light of all wave-lengths ; iu other
words, they shine essentially by white light. We have no
stars with spectra limited to one particular region. Even
in the banded spectra none of the seven colours that we
ordinarily recognise arc entirely wanting, and even it' we
went further, as we easily might, and divided the spectrum
not into seven only, but into twelve or more different

colours the same statement might hold good.

We must therefore regard the stars as shining

essentially by white light. But the various tiuts which
together go to make up a perfect white, are not always
found in their exact proportion. We may regard, there-

fore, a coloured star as a star shining by white light plus

a certain projjortion of light of one or more specific

colours.

Assuming that this is so, that the light of any star is

partly white and partly coloured, we may divide the stars

into classes, depending entirely upon the depth of tint

which they show, and not upon its colour. A five-fold

division suggests itself, something to the following

effect:—(1) pure white, {'2.) tinted, {o) coloured, (4j fully

coloured, (5) deeply coloured. Amongst the stars visible

to the naked eye the full and deep colours are rare ; it is

especially in the field of doable star astronomy that we
get the deeper and ri<her tints.

After the question of the depth of tiat which the stars

show, comes the question of the colour of that tint. For
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naked-eye stjii's, the more refrangible colours do not come
into consideration. The ranf,'e is from orange-red up to

yellowish green, or possibly in a single instance—that of

Beta Librw—to green. Alpha Lyrw, and possibly one or

two other stars, have a distinct bluish tinge, but in general

the stars not passed as white may be very well scheduled
under one of the live following hi'ads:^(l) reddish-

orange, (2) orange, (3) orange-yellow, (4) yellow, (5)
yellowish green.

In working upon star colours vritli the field-glass or

naked eye it is impossible to use any artificial standard of

colour, but the wide field of view, and the ease and
rapidity with which the attention can be turned from one
part of the heavens to the other, will much more than make
up for this deficiency. The stars must be compared one
with another, and the estimations of colour must be purely

relative, and the method will be found much the most
accurate possible.

The most satisfactory programme for an evening's work
would probably be to take a number of stars not differing

too widely in magnitude, and without regard to the exact

name to be given to the depth of tint of each, to arrange
them simply in order of colour intensity, beginning with
the star of purest whiteness and going downwards to the
one that showed the fullest tint. It would probably be
found well for the sake of simplicity to keep this work of

the arrangement in oi'der of the depth of tint entirely

separate from the work of arrangement in order of colour.

For several nights a large number of stars should be taken
and carefully compared, each one with the others, until a
satisfactory progression has been arranged for the whole
number ; the depth of tint being the criterion. 'J'hen,

when this work has been carried out successfully, a similar

comparison should be instituted as to the colour of the
stars, ranging them in order from the reddest to those
which show the nearest approach to green ; and in this

second comparison it would probably be found useful to
confine the work at first only to the stars of deep tint,

then to those of full colour, and so on, until last of all

those arc classified according to the spectral order of their

colours which are only slightly tinted. Thus, if a hundred
stars have been selected as showing some more or less

appreciable tint, and have been arranged in order of the
depth of tint, number 100 being the star of deepest tint,

then numbers 61 to 100 might be the subject of the first

arrangement in spectrum order, numbers 41 to 80 of the
second, and so on.

The great advantage of making the colour estimations
purely comparative would be that in the case of auv
variation of colour in any star its detection would be
easier, and much more free from ambiguity than by any
other method. Thus Klein and Weber state that Alplia
Ursai Majoris passes through a series of colour changes in

a period of 33 days. Several telescopic stars are supposed
in like manner to have changed their colour. The case of
Sirius has already been referred to, but whatever it may
have been in classical times, it certainly has shown itself

unvarying white in our own day. Algol, also a white star

to us, is described by Al Sufi as " red." It is therefore
not impossible that the systematic study of star colours,

even though it be undertaken by the naked eye alone, or
at best with the assistance of a field-glass, may yet succeed
in discovering an instance of colour change. But should
it fail to do so, it must not be forgotten that the clear and
unmistakable evidence, which a thorough and systematic
record of the relative colours of stars would supply, that
no colour change had occurred, would be just as valuable,
just as important.

Closely connected with the colour of stars is their
mode of shining; in other words, their scintillation.

The blue stars and white stars, like Vega and Sirius,

" twinkle" the most rapidly ; the orange stars shining the

most steadily. The planets ordinarily do not scintillate.

This scintillation is, of course, due to tremors in our own
atmosphere, since the stars are to us absolutely mathe-
matical points to whi(^h not even the most ])owerful

ti;lcscope has yet succeeded in giving any ap()reciable

diameter. It follows that when the air through which
the star's rays pass to our eye is in great agitation, many
rays may reach us one moment and few the next, and the

star may seem to flicker like a candle in the wind. The
])lanets do not scintillate because they show to us real disks,

even though these are not large enough to be perceived as

sucii by the naked eye. The one exception, the planet

Mercury, is an exception partly because it is always near

the horizon when seeu with the naked eye, and partly

because its diameter is very small. It owes its Greek
epithet <rri\pu>v, " glittering " or " flashing," to this

peculiarity amongst the older planets.

The measurement of the amount, or, rather, rapidity of

scintillation, lies beyond the power of the " astronomer

without a telescope," but even to the naked eye there is a

marked difference in this respect between star and star,

and the observer will not be able to overlook its evident

connection with the star's colour.

The review of the various departments of observation,

available to the unassisted sight, has thus brought us to

studies, as in the case of variable stars and star colours,

where, though there is a certain amount of work to be

done without optical aid, yet the observer's field is much
increased by the possession of a good opera-glass or field-

glass.

We have come as it were to the threshold of that

noble structure which has been built up by means of the

telescope and spectroscope ; but to that building there are

many guides, and to explore it lies beyond my present

task. The purpose which I have set before myself has

been a much humbler one, but if I have succeeded in

arousing interest in those astronomical phenomena which

require no " optic glass " for their display, I shall be well

rewarded.

And I think that he who seriously undertakes some
department of astronomy without a telescope, will likewise

not fail of his reward. The growth in the power of per-

ception which careful practice in observation brings is a

real gain. Real too is the gain in habits of system and
method. For to perceive is but a part of the astronomer's

work ; he must learn to record what he has perceived, and
must form the habit of recording at once and recording in

order. And this habit, as well as the gain in perception,

means increase of power, and power gives pleasure.

Pleasure there is too in gaining as it were from direct

converse with nature, fresh insight into her mysteries

;

pleasure, if our knowledge is really increased
;
pleasure,

too, even if the problems prove too involved for us and
our only progress be towards a truer ajipreciation of their

difficulty.

The fields of work which we have passed in review have

been both many and varied. They have extended from

phenomena the most slight and transient—the lighting of

a sunset cloud, the momentary flash of a meteor—to the

greatest and most enduring that the universe can show

—

the fabric of the Galaxy and its interweaving with the

stars. And there is above all in this direct study of the

heavens, out in the open, beneath the deep unsoimded

sky, a charm and an awe, not to be realised otherwise. It

is "nature at her vastest that we apjjroach ; we look up to

her in her most exalted form. We see unrolled before us

tlie volume which the finger of God has written ; we stand

in the dwelling-place of the Most High.
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PHOTOGRAPH OF THE NEBULOUS REGION ON

THE FOLLOWING SIDE OF GAMMA CYGNI.

By IsA.,vc Roberts, d.sc, k.k.s.

The ]>hot<)<jraph annexed is of the region of the sky

comprised between R.A. 20h. 20m. 25s. and K A.

20h. 26m 50s., and in Declination between south

+ 39' 12'0 and +40° 48'-5 north. The area, therefore, is

6m. 25s. ill extent ivom following to preceding and 1° 36''5

from north to south. Saile—one millimetre to twenty-

four seconds of arc.

Co-ordinates of the fiducial stars marked with dots for

the epoch 1900:—
star (.1 D.M. No. 4178. Zone +3a« R.A. -JOh. 21m. 51 'Ss. Dec. +39" 27'i).

Mag. 7-5.

Sur 1.) D.M. No. 4193. Zone +39« E.A. aoh. 33iu. 7-6s. Dec. +«)'> I'-O.

M&^. 7 7.

Star (-.v D.M. No. 4188. Zone +40= E.A. 30h. Urn. 58-2s. Dec. -1-40° 34 1.

Milt:. « 0.

The photograph was taken with the 20-inch reflector,

and exposure of the plate during 90 minutes on thi'

5th Septemlxn-, 1901, and, like the many other nebulae

which I have photographed during the past fifteen years

(some of which have been published in Knowledge and
in my two volumes of Stars, Siar-Chisiers and Nehtilie), it

presents characteristic features of aggregation into definite

loci which will probably develop into separate nebulse

;

some of them assuming, under the stress of disturbance
and gravitation, the form of spiral nebulae; these again will

develop into stars and clusters of stars.

In this manner does the evidence, which has Iwcu
accumiUated by the aid of photography and by eye

observations, lead us to the inference that changes

—

eternal changes—are part of the order of Natiu-e, whether
we view them in the inconceivable distance of space
amongst the stars and nebulas, or in the smallest micro-

scopic compoun^^ or organism on this relatively smaU speck
of earth. The i-esults are consistently identical in

principle, that the older forms of matter are disintegrated

and afterwards reconstituted into new forms of aggregated
matter and of life. This appears to be invariably the

grand order of the laws of Nature.

THE DURHAM ALMUCANTAR.
By Prof. R. A. Saivipson, m.a.

In the problem of mapping and measuring the skies,

general attention has of late years been directed mainlv
to the Work that ca.n be done with a photographic equa-
torial, that is to say, to the task of completing the
astrographic plates, and of devising satisfactory methods
of measuring and recording them. But at least among
those professionally engaged in astronomy tliis is not due
to any neglect of another and more fundamental branch
with which the equatorial cannot compete. One recalls

that Bessel gave the na.mo Futulamenta Astronomiae pro
anno MDCCLV. to his discussion of Bradley's transit

results. For the measurement of large distances upon
the sky and fixing all the critical points, the transit

circle and clock have hitherto been the sole authorities.

Now, no matter how good a method may be, it is always
preferable to check its results by a different method than
to repeat them. Take what precaution we mav, each
system almost certainly brings with it its own systematic
faults, which it is next to impossible to eliminate ; hence
there is very great importance attaching to a nadical

variation of t he design of instrument and system of obser-
vation of transit work. The transit circle has held its own
in the past against more than one such rival. The two

altazimuths at Greenwich occur to us at once as instances.

A variation of the traditional design of transit circle was
suggested by the late Mr. E. J. Stone in 1881, in which

there was no tube at right angles to the conical axis about

which the instrument revolved, but in the centre of this

axis the light fell upon a prism which diverted the rays so

that the eye looked through this axis when observing, and

the third face of the prism was curved to give the necessary

deviation to the rays. This instrument was never made.

Up to the present time, the undivided credit of inventing

and using an instrument and method which are exact

enough to check if not to outdo the determinations of the

best "transit circles belongs to Mr. S. C. Chandler, of

Boston, U.S.A.
" The idea occurred to me about eight years ago," Mr.

Chandler writes in 1887. "of substituting for the meridian

as a fundamental jdane of reference, the small circle

CliaiuUer'i Almucint

perpendicular to the meridian passing through the pole
;

and for the motion of rotation determined mechanically

by the pivots of a horizontal axis, one determined by

gravitative action about an imaginary vertical axis. Two
ways of doing this suggested themselves. The instrument

might be suspended like a pendulum, or it might be

floated upon mercury." Experiments decided in favour of

the latter method, and after making a small trial instrument

and obtaining from it results of unexpected accuracy,

Mr. Chandler, in the years 1884 and 1885, used facilities

placed at his disposal "by the director of Harvard College

Observatory to make a more searching study of the

possibilities of his invention. In this research he employed

a new instrument, with a telescope of 4 inches aperture.

It was mounted on a tripod stand, which carried a

horizontal trough which could rotate in azimuth ; this
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tii)Uf,'h cuuiaiued luercury, and in it rested a tloat which
carried the tclescoi)e. The float was held in ])laci' l>y pins

running in slots, which were intended to allow the float to

level itself in the mercury, while forbidding motion in

azimuth. An axis held the telescope beyond the float

clear of the trough, so that it could be clamped at any

The Case College Almueaiitar.

altitude. This instrament Mr. Chandler called an
" almucantar." The term " almucantar " has almost gone
out of use in recent books, but in older ones we find it.

For instance, Delambre gives " Alniicantarat , terme arabe;

c'est un petit cercle parallele a I'horizon. et dont les

poles sont le zeuit et le nadir." It is clear that the optic

axis of the instrument described above, when clamped in

altitude and moved in azimuth, traces out a horizontal

circle upon the sky, and the accuracy with which it does
so depends only upon the accuracy with which the floating

parts regain their old orientation with respect to the

vertical, after the disturbance that occurs when the

azimuth is changed.

In actual use the altitude is always such that the centre

of the field passes through the pole, or rather differs from
it by a small collimation constant, which is determined
afresh each night. Spider lines are placed horizontally at

the eye-end, and the co-ordinates of a star are found by
two time observations of its transits east and west of the

meridian as it is carried across the circle of observation

by the earth's rotation. Azimuth is used only for

the purposes of setting, and does not appear in the

result.

Mr. Chandler's observations, of the merits of which I

shall speak later, were discontinued in 188.5, and found no
one to carry them on till the year 1900. In that year, in

the month of February, the Durham almucantar was set

up, and in March Prof. C. S. Howe erected one at Case
College, Cleveland, Ohio. I give figures of each of these

instruments, for their differences illustrate well the

flexibility of the design. The Durham almucantar and
that of Case College are each of six inches aperture, that

is to say, of as great power as any transit circles, excepting
one or two of the largest. In both the telescope axis is

horizontal, the view of the skies being gained by the
intervention of a ])lane mirror ; in both the trough and
float ai'e made of cast iron, and allow about the same
margin of mercury at the sides. Beyond this we might
almost say that if two instruments had been designed by
the same man to experiment ujion the difl'erent ways of

doing the same thing, they could not have served that

purpose better, and we may expect interesting results as

to which form is preferable from the comparison of the

Durham results with those of Prof. Howe. In the Durham
instrument the mirror is behind the object-glass, and
different altitudes are securt-il by rotating the telescojie

tube in Y's ; in the other the mirror is exposed, and is

itself in slight degree adjustable. In the former tht;

trough is rectangular, with sides about 2 feet by 3 feet and
about 2 inches deep, and forms part of a large table which
turns about a vertical axis, carrying the floating parts with

it, which are fixed relatively to it by means of brackets

which bear against agate plates on the outside of the

trough. In the latter the trough is ring-shaped, about

5 feet external diameter and 4| inches deep, and is fixed

to the piers, the telescope and float turning in the trough,

and guided in their motions by a pin at the centre working
in oil. In the former the clamp and slow motion work upon
the edge of the rotating table; in the latter they work upon
an arm projecting from below the centre of the telescope,

and designed so as to limit only the azimuth, a,ud not at

all the orientation of the floating parts with respect to

the vertical. In both telescopes ttiere is little doubt that

this essential and that of rapid subsidence of oscillations

after setting are fully secured. Without criticising Prof.

Howe's design, I have found the rotating table in my
own of the utmost convenience. I have now built up
upon it a wind screen, which is designed to cover in

entirely the floating parts. It will be seen in the plate

that a long arm runs out from it, carrying an eye-guard

;

since the photograph was taken this has been removed,
and the arm now carries the eye-piece itself with a sliding

arrangement, so that the eye-piece is actually detached
from the telescope. As to the success of this arrange-

ment I was not very confident in advance, but it was
necessary to try it, because oblique transits carry the star

across the wires at the limits of the field. Happily it

turned out a thorough success.

Now making a comparison of transit circle and almu-
cantar in respect to their observations, there can be no
doubt that although the almucantar is disturbed by each

fresh setting, when the oscillations have subsided it

Tin- Case ,Uii

resumes its old orientation to the vertical within perfectly

insensible limits. The effect of this is the same as if in

the transit circle we could write the errors of azimuth and
level permanently at zero.

The corrections for refraction are immensely reduced,

since observations are all made at the same zenith distance.
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That for flexure of the telescope tube is abolished. The
observer takes a natural attitude, the same for all stars,

in place of iuvertins: himself upon the usual observing

coueh. These are some of the advantages of allowing the

axis of rotation to be determined b_v gravity and not by

the instrument maker.
Of course the advantages are not all on one side. The

transit circle can take every star that is visible ; for the

almucantar we draw a ring upon the sky, passing hori-

zontally through the pole, and disregard all that is nut

carried across it ; at Durham this limits us to stars not

The Durliani Ahmuantur.

more than 70° from the pole ; a more southerly latitude

would be better, but, as we cannot change the latitude,

we must be content that there is more work within reach

than we can ever do. A complaint that will require

more investigation is that the stars cross the wires

obliquely. Each star cuts the wires at au angle equal to

its hour angle at the time of transit, thus varying for

different stars from a right angle at the pole to zero at the

southern limit. As a consequence a change of declination

j)roduces more effect upon the transit of a southern star

tban upon one more northerly; and declinations are better

determined for the former than the latter. Declination

should be very well determined at the lower range of the

instrument, for all the measures are absolute measures
from the pole, not as iu the transit circle, measures made
by reference to a divided circle and some reflecting

apparatus.

As to the Ciilculations involved, I believe that when
large numbers of stars are discussed the advantage lies

with the almucantar.

Exactly what an almucantar observation gives may be
shown by a diagram. The difference is observed between
the times which we could predict for the star's passage,

according to the Nautiral Almanac, and the time at which
it actually appears. This difference has to be shared in

proper proportions between corrections to the latitude, if

erroneous, to the clock, to the zenith distance of the tele-

scopic axis, and to the co-ordinates of the star, for each of

these contributes a share. The diagram below shows the

amount of error in latitude, zenith setting, or declination

which would contribute au error of U' 1 iu a transit, and
inversely it shows how accurately we may expect to deter-

mine these quantities by sifting tbein oul from the

inevitable errors of observation. The fact tiiat all these

unknown corrections are mingled together iu a single

statement of difference between observed and predicted

times is no disadvantage. On the contrary, it is a positive

gain ; for it permits the ready application of the

rule known as " Least Squares " for combining a set

of observations to the best advantage so as to

derive clock correction and the rest from them. At
the same time, as everything is got out of the observa-

tion itself, the observer is relieved from vexatious sup-

plementary measures of faults of adjustment of his

instrument.

Dr. Chandler observed for thirteen months— or sixty-

three nights in all. If the almucantar is lo be a serious

rival of the transit circle, such a series is uot large enough
to do it justice. Such a series, dating from when tiie

instrument was first set up, might be expected to make
out a ^(/('md/aciV case, and point out promising lines of

investigation. That it did this and more does not admit
of question. It was confined to observations of stars in

the catalogue of the Berliner Jahrhtich, and as these are

very well observed stars, a rough and ready test of Dr.

Chandler's success is to take the residuals which are to

give corrections to co-ordinates of the stars, and see

whether these depart much from zero. The first twenty
stars upon his list which are not close to the limits of

his range give thus ±0'08(> ; if stars about TtP declina-

tion be omitted it becomes ±0'0(3(j. We may put this

in the form, that a single observation used to determine
right ascension would, on the average, depart so much
from the truth, and this is based upon assuming that the

Berliner Jahrbuch's places require no correction at all. If

we make those allowances for a new instrument which
anyone's experience will suggest— but which, be it

remarked, Dr. Chandler himself does not claim— it is out
of reason to expect anything finer.

But that the almucantar will do even better I believe

we have already proved at Durham, though we have only
emerged some two or three months from the ditHculties of

a start ; in evidence of this I cjuote below the results of

the last night's observations that have been fully reduced,*

1901, November 15. E. or W. attached to a star indicates

C'liart of .Umucautar Constants for Latitude of Durham Objervatorv
(54» 46' 6 '2 X).

AbsL-issa = declination of object.

Ordinate.s :

—

^i = error in deduced declination for O"! error in tran,-it.

^* = ,, ,> latitude ,, „ ,,

-'• = ,, ,, collimution „ ,, ,,

the side of the meridian on wliich the tran.sit was taken,

and the fractions of a secimd opposite to it correspond to

the numbers of which I have given the mean iu I>r.

Chandler's observations.

* This vas written in January last.
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P Rniooiii.-, \V.

" I'.vrir, W.
' IVniisi, K.
i Dnifonis, W.
' Aiulroinodie, B)

< ATidronicdiD, K
• rrsocMiiii.i-k W. +0'26
a2VulpotMila-, W. +0-05
KilVjjfisi, \V. OOO
/3 Pci-soi, i;. fons

-0 03
-0-07
-010
+ 009
-0 03
-008

1 Aiiri^ii-, E. -0 02
Y I'orn'i, K. OOO
^ Trianguli, K. +0(12

v\iHlr<>iiic(la>, W. -005
IVgasi, W. +0 29

i Pcrsci, K. -002
. Aiirigie, E. + 015
a Aurigir, E. +(r()l

a (Vj.liei, W. + U05
C Cvgiii, W. -UU2

I put tlioso numbers forward merely to give my readers

a <i;eneral idea of wliat we can do with the Durliam ahnu-
cantar. I do not wish at present to base any statement
upon them as to the relative merits of the alnuK'antar an<l

the best transit circles ; that must wait until observa-

tions have accumulated, and until some retinemeuts of

ccirrecti(.)n have been applied to tliem which were neglected

iu these first reductions. But in any case it is evident

that an instrument that can do work like this at the very

beL,'inninL;' of its use cannot be disregarded as a rival, no
iiiatti-r wliat other claimants are iu the field.

THE CANALS OF MARS.
By B. W. Lane.

The object of this paper is to describe a series of ex-

periments wliich some friends and I have been performing
with a view to tlie settlement of this matter. The i-esults

appear to me to offer a complete explanation of these

ajipearauces.

While reading M. Antoniadi's article on " Mars " in

the April number of Knowledge, I was particularly

struck by liis statement that only one or two of the canals

were ever seen at one time (I use the terms "canal," "sea,"
" gulf," &c., for convenience only). From this arose the

idea that possibly the atmospheric vibrations might cause

such an apparent lengthening of the gulfs on the planet as

to suggest the canal sufficiently to make it visible in

Hashes. I accordingly determined to test the matter by
means of hot air currents, and a drawing of the planet

without any canals marked upon it, viewed by means of a
telescope.

Asa sort of chance, however, T made a blank drawing
of the planet like Pig. 1, and placed it at a distance of ten

feet from a friend of mine, and asked her to draw what
she saw. As 1 say, it was only a chance experiment, and
I did not expect any results, and was astonished when,
after first saying (after drawing in the seas) that she could

see nothing more, and then, gazing awhile, she drew iu two
lines resembling in general character those seen on the

actual planet. The positions, however, were different

from those given by Schiaparelli.

The original blank drawing, however, was slightly

inaccurate, so, having made another as accurate as I could,

copied from one of Schiajiarelli's, I tried the experiment
with tlie improved drawing on another lady. This
lime I drew the seas iu roughly for her, and left her only

to fill in anything else she could see. I was very careful

not to suggest Hues to her, in fact, to make certain, I

mentioned s]K)ts and shading as the things to be looked

for. In spite of this, however, after ten minutes' work
she had produced

—

copied off this blank drawing—

a

drawing in all essential respects like Fig. 3. Fig. 3 is as

accurate a copy as I could make from hers. Fig. '2

is Schiaparelli's drawing of the same regiou, with
the canals inserted. It will be at once seen by com-
jtarison that the system produced by this optical

delusion is ])recisely similar to that seen on the .surface

of Mais.

I have since exj>erimei)t<'d with two boys, lx)th aged

eleven years, who had never in their lives beard of either

Mars or the canals. Their attempts are reproduced in

Figs. 4 and .5. Again it will be seen that, with tlie excep-

tion of one canal in each drawing, they are all in the same
positions as those of Schiajiarelli.

Altogether I have exjierimentcd with five persons, of

wliora one only faili'd to see the canals on the blank

FiG. 3.

drawing. One of the boys refused to believe that the

drawing I show-ed him was the same as that from which

he had copied the lines, so certain was he that they had
been actual realities. Two acquaintances of mine have

both been instituting similar experiments and have ai'rived

at identically the same results. Thus it appears ]irobable

that the mere shajje of the oceans of Mars is sufticient to

give rise to the appearance of the complicateil system

discovered by Schiaparelli.

As well as setting other people to do it, I have myself

been mapping out the canals which I could see on this

drawing. I do not give my map because it is identical

with Fig. 2 except for about three minor lines. I have

frequently seen these pseudo-canals doubled, and, when
my eyes have been in the best condition, have seen not two
canals only, but four or five at a time, and have sometimes

seen one or more canals so firmly marked that I have had
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to go up to the drawingf to make sure iu my owu mind
that I had uot put a line there by mistake. When first

looked for, very steady gazing is needed to see them at all

;

in faet, in my case it required two minutes staring before

I could perceive the slightest fleeting indication. If

another attempt be made, say next day, they are seen

mueli more easily than at the first attempt, and the task

of seeing them becomes easier every time, until now with

me I can scarcely look at the drawing witJiout seeing some
one or two. The first time these canals are seen they
appear as broad, misty, ill-defined bands, which easily

change their places, but when a little practice has been
liad in seeing them they appear as firm hard lines,

indeed, as Mr. Lowell puts it in sjieaking of the real

canals, " like a steel engraving." In fact, I .should say

from what I have been able to gather resjiectiug the

appearance of the canals on the jilanet, it is easier to

see canals on a blank drawug like Fig. 1 placed at

a distance of 20 feet from the eye than to see them
on Mars.

The above-described experiment can be performed by
anyone having a blacklead and a piece of ordinary rough
drawing paper. It must not be expected tliat everyone
will be able to see these canals on the drawing, since

everyone who has looked for them has not seen them on the

planet, but two at least out of every three persons should
be able to see them with steady gazing, if the diagram is

of suitable size and idaced'at a suitable distance. The
one used by me was 3^ inches in diameter, and was placed

at a distance of 20 feet iu not too good a light.

It may be said that even though the ordinary canals

Could be produced by an optical delusion, such a com-
lilicatcd system as that of Elysium could noc be the

product of such a cause. All that is needed to produce
an exact replica of this district is that an oval patch of the

ilrawing should be made slightly lighter in colour than
tlie surrounding paper, when contrast will at once cause
the ajiiiearunce of a circular canal surrounding it, from
wliich the other canals branch. The side of the planet

jiictured in these drawings is not the only one which I

liave made use of. In faet experiments made with drawings
of the other side were even more successful, and the

iiettifl'' oi the canal known as the Hydraotes was at times

truly startling.

It thus appears possible, since two systems may be
seen, one on Maps, and the other on a drawing, which are

not only anaio^^us but identical iu every particular (since

any two observers difter as much as tlie drawings here-

with reproduced), one of which is certainly produced by an
optical delusion, that tlie other, viz., that seen on Mars,
may also be due to the same cause. The facts that the

canals are not best seen when the planet is nearest, and
that canals have been seen on other planets, seem to point in

the same direction. The fact that the directions of the

canals change with the Martian seasons need be no
hindrance to the theory of tlieir ojitical production, since

if they are so produced their direction and degi'ces of

visibility depend on the shape of the Martian oceans, and
since these change with the seasons, the canals will change
also. It may be remarked that by not suggesting canals

to the subjects of our experiments, we have put them in a
more disadvantageous position for seeing them than
anyone besides Schiaparelli has been in, since later

observers not only heard of the canals but studied

Schiaparelli's maps, and so aided any optical delusion

which might exist. The above results, therefore, would
have been fairly conclusive even if canals had been
suggested.

Thus it would appear that those gentlemen who have

seen the canals have, with the best intentions, been
deceived by a most peculiar and almost incredible optical
delusion— a delusion which has given rise to a system so
complicated that no one has hitherto attempted to prove
that the whole appearance was from beginning to end
attributable to this cause, although many have asserted
that such was the case.

[The first suggestion of the idea thus worked out by
Mr. Lane occurred to me in 1882, when I noted how many
of the Schiaparellian canals were prolongations of what
other observers had drawn as indentations on the coast
lines of Mars ("Observatory," Vol. V., pp. 13(3, 1:]8).

Later, in ISiH, T made some experiments on the limits of

visibility for dark markings on a bright background
(Knowledgk, 180-4, November, p. 249), and incidentally
noted, when irregular forms were at such a distance that
the minutest details of their irregularities were too small
to be separately defined, and yet were large enough to

produce some impression, that it was easy to interpret

such irregularities as parts of a network of straight lines.

r further noted that under such circumstances, i.e., when
markings were too narrow or too small to be fully and
distinctly defined, but yet were sufficiently large to be
indefinitely glimpsed, the rendering in the case of narrow
markings, however winding, broken or irregular, was that of
straight lines ; but in the case of compacter objects the
rendering was of round dots. And narrower objects could
be discerned as straight lines than as dots. Hence I ventured
to foretell (Knowledge, ISO-l, November, p. 2-52) that
the Schiaparellian canal system would be followed by the
discovery of a system of " lakes "

; a prophecy almost
immediately fulfilled at the Lowell Observatory, by the
detection of the " oases."

Acting on the suggestion of Mr. Lane's letter, and by
the kind co-operation of Mr. J. E. Evans, headmaster of

the Eoyal Hospital School, Greenwich, I have cjuite

recently subjected a number of drawings of Mars—free

from canals—to boys in that school, for them to copy.

The result was striking. Four out of five drew no canals,

but the remaining fifth supplied them. And it was clear

that this was directly a question of their distance from
the drawing. Boys near the drawing saw too well and
distinctly to imagine spurious lines. Boys at a great

distance could only perceive the leading features of the

drawing. But those at mean distance, by whom the minor
details were imperfectly perceived, in many cases rendered

these by straight narrow "canals."

Yet I am not prepared to accept Mr. Lane's conclusion

({uite as he puts it. Some of the " canals " seem to have
heen detected with so low a power that their full and dis-

tinct definition would be well withiu the power of large

and well-placed telescopes. Hence my own view of the

"rendering" or "interpretation" of undefined objects

would not enter into their case. Nor do my own experi-

ments quite confirm his as to the canals presenting them-
selves to the imagination, unless there are minute markings
present—however unlike the canals—to afford a sort of

basis for them. E.g., stippling lightly the general surface,

but leaving Elysium free, was quite enough to create a

polygonal system of canals around Elysium. But though
the stipple dots were too small to have been separately

and clearly seen at one-twentieth the distance, they or

their equivalent had to be present, or no " canals " would
have been seen.

Nevertheless, Mr. Lane's letter puts in a new and
striking light a factor in the problem of Mars which,

although almost entirely neglected hitherto, will have to

be taken into full account in the future.—E. Walter
Maunper.]
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CHART OF MARS.
Bv E. M. Antoniadi, f.r.a.s.

MeiuptEs
aJo 140 sSo j6o 070 a«o ago Sao 3io 'Mo 33o 340 35o 10 QO 3o 40 So 60 70 So 90 100 110 no i3o 140 lio lOo 170 lio

180 190 200

_, 1 1 . ^.:.i:^ ,+.

i5o 140 i5o 160 170 180

The kindness of Monsieur E. M. Autouiacli enables us to meet the wisbes of several of our correspondents who
have asked for a chart of Mars brought up to date, and embodying the most trustworthy researches. The chart is

based chiefly upon the works of Schiaparelli during the oppositions of from 1887 to 1890 inclusive, and upon the

successive Reports of the Mars Section of the British Astronomical Association, together with M. Antoniadi's own
long-continued observations.

Nortli Polar Ei'i'ion of Mars. Soiitli Polar Eesnon of ilars.
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etttrs.

[The Editors do not bold themselves responsible for the opinions

or statements of corresiwndcnt*.]

PERRINE'S COMET.
TO THE EDITORS OF KNOWLEDGE.

Sirs,—The enclosed photograph of Porriue's comet was

obtained with a 4^-inch double combination Voigtliinder

of 1.5 inches focus, ou ind October, at 9h. .50ni. (mean)

S. T., the exposure being for 30 minutes.

Cadett lightning plate with pyro motol developer was
used, and the camera was attached to a G|-inch equatorial

retiector, clock-driven.

Owing to the faintness of the nucleus, illumination of

the field was iiupos.sililc, so that thi' comet could not be
followed, but the driving had to l)t' done upon 8 Cephei,

which was then a little it. p. the comet.

On the negative there are symptoms of a divided or

fan-like tail, a feature which would be obscured to a great

extent \)j the actual motion of the comet.

Owing to clouds, no opportunity has occurred of

obtaining a further record.

Liverpool, October 7tli. R. C. Johnson.

THE VISIBILITY OF THE CRESCENT OF
VENUS.

TO THE EDITORS OF KNOWLEDGE.

SiES,—It is possible to present important evidence as

to the visibility of Venus as a crescent many thousands
of years Ixjfore the invention of the telescope, from an
archseological point of view, and that of such convincing

character as to determine the question as to the early

members of the human race, at any rate.

The planet Venus was the symbol, and associated star

of, the great Babylonian, Pha?nician, and Syrian goddess,

Islitar = Ashtoreth = Astarte ; and one of the commonest
attributes of this deity was a horned head-dress, and

indeed she was known, as we find in the Old Testament
and Phcenician and Carthaginian inscriptions, as

" Astoreth-Karnaim," i.e., "of the (2) horns," and had
one or more tenmles of that name, probably placed upon a
double-peaked mountain resembling the curve of a pair

of horns.

Because of these attributes, and led astray by the

statements of two late classical authors, Lucian and
Herodian, many writers have termed her a lunar deity, but
this is incorrect. She was undoubtedly considered by the

G reeks as the counterpart of, or identical with Venus =
Aphrodite. At the shrine of Aphrodite, at Afca, she was
worshipped as a star. But we have much more decisive

proof of Ashtoreth = Astarte being Venus, in that she was
nothing else than the Aramaic, Phamician, and Syrian

form of Ishtar, the celebrated goddess of Babylon and
Assyria.*

Ishtar undoubtedly was Venus, certainly not the moon,
because at Babylon the Moon God was masculine ; and
the connection between the cult of Ishtar =:: Aphrodite =
Venus as a voluptuous deity is well known.
There is in fact no straining of any of the evidence

in stating that everything proves the horned Astarte =
Ishtar = Astoreth-Karnaim to be the goddess personified

by the planet Venus.f
What has to be accounted for is the universal acceptance

of a crescent, or horns, for her most well-comprehended
symbol. This, I think, can only have arisen from the

crescent shape of Venus having been observed, and so

properly associated with the deity. So much, indeed, did

her symbol coincide with that of lunar deities, that when
the true origin of the connection was forgotten, it caused

the slight confusion we have mentioned in two of the later

extant classics between Astarte and the Moon Goddess.
In the clear air of Mesopotamia, no doubt it was possible

to detect the phases of Venus, and so Ishtar — Venus =
Astoreth-Karnaim is like many another early human
concept, a reasonable expression of primitive symbolism.

+

Joseph Offoed.

[I do not feel myself able to agree with Mr. Offord that

the evidence which he presents as to the Babylonians
having been aware of the phases of Venus is sufficiently

convincing. It seems to me at least a plausible

suggestion that the Babylonians saw some analogy
between Venus and the Moon, and ascribed symbolically

some of the Moon's attributes to her. It is not im-
possible even that they may have argued out the Coper-
nican idea of the solar system, and consecjuently have
deduced that Venus ought to show phases.

But if the Babylonians really observed the phases of

Venus, and it can be shown that they did, I think we
cannot escape the conclusion that they must have had
telescopes. I believe the recognition of her crescent with
the naked eye is entirely impossible.—E. Walter
Maunder.]

* The two divergent ideas associated with Astarte-Aphroditc, of

gentleness and feminity with fierceness and heat, probably are con-

nected with Venus as the morning star, goddess of the dew and of

moisture iiud fertility, and as evening star, when the heat accumu-
lated during the day and proceeding from the level rays of the setting

sun is still so cijipressive.

+ A Babylonian cylinder, edited by Pere Seheil, shows Islitar as a

cow, and recently some votive offerings of cows heads of an African

type have been discovered in the Balearic Isles, no doubt from a

Phoenician Ashtoreth shrine.

J In ancient Arabia Venus was a male god, no doubt connected
with the Assyrian Sin, but strange to say the Arabs, or " Mineans,"
called him Athtar, apparently to secure the favours of both principals

of the deity as worshipped by tlieir kinsmen, by giving him the sex

of the one form and the title of the other.
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EXTINCTION OF QUAGGA.
TO THE EDITORS OF KNOWLEDGE.

Sirs,—I sent a sidn oE Eijuu/i qvaijija fo Stevens' sale

rooms, Covent Garden, for sale, about the time mentioned
in the October number of Knowi.edoe.

I thoufrht it possible it was the skin bought by the

Edinlnirgh Museum. If it is the same, I can correct the

inference made by Mr. Renshaw that the quagga survived

in the Orange Free State till about that ilate.

Tlie specimen, as he suggests, was an old one. I

brought it to England with other skins, horns, birds, and
insects, in ISOO, and ke]it it till the date of sale.

I once caught a young (|uagga alive. My waggon was
outspanned near to a Dutchman's waggon; the Dutchman
had been hunting qnaggas, etc., and had scattered the herd
of cjuaggas, nnd this young one was lost. We supposed it

had followed the horses. It was here and tliere and
everywhere round about tlii! waggons and oxen. It was
dark; we followed it by its cry, "Quag ha," and I

caught it.

Marathon, Thos. Coopee.
(J, The Avenvic, Kew, Surrey,

October 3rd, 1902.

A MODERN TTCIIO.
TO THE EDITORS OF KNOWLEDGE.

Sins,—I should like to make a few remarks with

reference to Mr. Maunder's comments on my letter re

Jey Singh in your August number.
Mr. Mnunder, I now understand, considers that Jey

Singh's observations and methods are scarcely practical,

and that the results he achieved could have been obtained

viith much less elaborate and costly instruments, and in a

more simple manner. I cannot help thinking that he
would modify this opinion if he had seen the Jeypore
Observatory and had studied Jey Singh's works.

On his commencing astronomy, Jey Singh first made
use of brass instruments fitted with sights, but he could

not obtain accurate workmanship, and, after a short trial,

he almost entirely gave up brass, and constructed large

masonry instruments, in v/hich there were no axes to wear
out of truth, and in which, owing to their size, minute
accuracy of workmanship and graduation were not re-

quired. Mr. Maunder states that he observed no special

arrangements for fixing the position of the eye, but in one
of Jey Singh's works, what is termed "fin observation

strip and tube" is described, and appears to be an arrange-

ment for this very purpose.

Jey Singh determined latitude with the bhitti yantra, a

large graduated stone circle, in the plane of the meridian,

with which meridian altitudes were observed. This gave
the angle for the inclined face of the gnomon. By placing

the eye along the graduated edge of one of the quadrants,

and watching the disappearance of the sun or a star behind

the edge of the gnomon, hour angles or time could be

obtained with great precision, surely with far greater

accuracy than with a comparatively small sun-dial.

The circular buildings Mr. Maunder alludes to are at

Jeypore, adapted for taking observations at all altitudes.

No doubt Jey Singh might have done excellent work
with much simpler means, but he had the money to spend,

and so preferred to build the best instruments he could.

]5ut before denouncing his methods as impractical, it

should be remembered that minutely divided brass circles

and turned axes were denied to him, and that he was con-

sequently driven to strive after accuracy by increasing

the size and stability of his instruments.

If 1 have the opportunity, f will make some observa-

tions as suggested by Mr. Maunder, but unfortunately

most of the instruments have either been restored or

completely reconstructed since Jey Singh's days.

A report on the .leyporo Observatorj' is in the press,

and if Mr. Maunder would care to accept a copy, I shall

be very pleased to send him one.

India, August, 1902. A. fl". GinnETT, Lt. E.E.

[I think Mr. Garrett has not quite grasped my point even
yet. The erection of a huge stone instrument, gnomon,
meridian circle, etc., means the prenioiin determination of

the meridian— in some cases of the latitude as well—with

a j)recision greater rather than less than that shown by
the building itself. In other words, the erection is in

itself a demonstration that results more, not less, accurate

were first of all secured by temporary instruments. A
modern equatorial is set up approximately in the meridian
and to the latitude of its station ; but its accurate jilacing

is secured later by the use of the optical jiowor of the

telescope itself in testing the effect of minute movements
given to it by fine adjusting screws. There is no jjrovision

in the gnomon or circles at Delhi for a slow motion in

azimuth, any more than there was for the Great Pyramid
at Ghizch. Then I cannot accept Jey Singh's complaint

quite seriously as to the imperfection of his brass

instruments, " the shaking and wearing of their axes, the

displacement of the centre of the circles, and the shifting

of the planes of the instruments." It seems to me that

the wearing of the axis of a brass instrument could hardly

have made itself apparent to the naked-eye observation in
" a short time." Surely he could have got native metal-

workers to do better than this if he had cared to try. We
have plenty of evidence of their skill in the making of

anuour, etc. But I can quite understand that he may
have had abundantly sufficient political and religious

reasons for preferring the plan of solid buildings. The
latter were, no doubt, an effective advertisement, and
testified to bis wealth, science, and religious zeal ; whereas

a few light instruments, seen only by the observers, would
not have done so. Such reasons would be amply good
enough to justify the course he adopted, but they would
not be astronomical.

I am greatly obliged by Mr. Garrett's promise to make
some practical observations with the Jeypore Observa.tory,

and I shall most heartily appreciate the report on that

observatory which he has kindly offered to send me.

—E. Walter Maunder.]

BRITISH

ORNITHOLOGICA

^,"
'^^'

'!SSE^'

N£>T£Si^

Conducted by Harry F. Witherbt, f.z.s., m.b.o.u.

The British White-fronted Geese (Anser albi/royis,

A. erythropus, and A. gambelij.— Several ornithologists

have been turning their attention lately to the geese which

are to be found in Great Britain and Ireland. It is

refreshing to find from their labours that there is still

some systematic work to be done among British birds.
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In the Ibis for April. 1902 (pp. 2tJD-275). Mr. J. H.
(Tiirney has a useful article on the three White-fronted
Gwse, Anser albifrons, A. erythropiis, and A. (laiiiheU

;

while in the Zooluijigf for September, 1902 (pp. 337-o5l),

ilr. F. Coburu treats of the same three birds, witli sjieeial

remarks upon A. inimheli. Without entering minutely

into the (piestion, which would be out of place here,

Messrs. Gurney and Coburu give fair evidence for tlieir

conclusion that these three geese are specitically distinct,

and that tliey all occur in the British Islands. Briefly

stated, yl»j-<fr dlhifrons and Anser erythropus inhabit the

greater part of Europe and Asia, but ^4. alblfroiix do.'s not

go so far north as its near ally. A. albifrons is the White-
fronted Goose usually found in Great Britain, while A.

enjthropiis was first noticed as a British bird in 1880, and
has been procured but seldom since then in this country.

Ainier erylhrojiiis is a much smaller bird than A. albifrons,

not only in its body but also in its beak, while its plumage
is slightly darker, and the white of the face and forehead
is more extended than that in .1. albifrons. Anser (janibeli

is a North American species, and may be regarded as the

New World representative of the White-fronted Geese. It

is closely allied to A. albifrons, but may be distinguished

from that species by its larger and heavier bill and darker
under parts. Besides these differences Mr. Coburu has
found that A. gambeli has a considerably longer neck than
A. albifrons, a distinction which is made more valuable by
his measiu-enicnts having been made from birds in the flesh

and not from skins. Mr. Coburu was the first to recognise

that Ansvr tjambeli is to be found in the British Islands.

The first specimen which drew his attention to the subject

was procured in Co. Mayo, and he has since found several

others, but all, it appears, from Ireland. However, now that

the differences between these three birds have been pointed

out, specimens of the supposed A. ijambeli may be found in

many collections, and the question thus thoroughly exam-
ined. Mr. Coburn gives some valuable descriptions of the

various changes of plumage in the two larger White-fronted

Geese, but his dogmatic assertions as to liow these changes
are effected are supported by insufficient evidence.

The British Bean-Geese.—Hitherto but two species

of Bean-Geese have been recognized in the British Islands,

viz., the Pink-footed Goose {Anser brachyrhyncus) and the

Bt'iui-Goose (Anser segetnm). In the Field for October
tth, 1902 (p. 005), Mr. F. W. Frohawk describes how that

in figuring the various European geese for M. Serge
Al[ihcraky's work on the Geese of Russia, he has found
that the true A. segetnm is really very rarely found in this

country, and that the bird which is usually so identified is

in reality .4 ttser arvensis. Mr. Frohawk does not give the

range of the two sj>ecies, but it appears that A. arvensis is

by far the commoner bird in p]urope and Asia. The two
species differ apparently only in the bills. In arvensis the

bill is slightly longer and straighter than that of segetum,

while the " nail " of the bill is smaller in j>roportion and
more rounded. In colour the liillsof the two birds appear
to differ markedly, that of segi-htni being black, with a

band of orange between the " nail " and the nostrils, while

that of arvensis is almost wholly orange-coloured on its

upper portion, while the lower is about one-third orange
and two-thirds black.

Glossy Ibis in the Scilly Islands and in Heke-
FORDSHiKE.—We have received two Glossy Ibis for

preservation ; one yesterday from the Scilly Isles, and
another to-day from Herefoi-dshire. We hear that there

were two in the Scilly Isles, but only one obtained.

—

Pratt & Sons, Brighton, October 15th.
Cirl Bunting in Ireland. (Zooloqisi. September, 1902, p. .'533.)

—

Mr. H. E. Howard here records that near Duiifanaghy, Co. Donegal,
on August 2nd, he wateliod a Cirl Bunting (Emhcriza cirlusj within

a few yards. The Cirl Biiiiliug has not been recorded hitherlo in

Ireland.

Ohser rations on the Weii/hls of liirds' Eggs. By N. H. Foster.

(Irish Naturalist, October 10O2, pp. 237-2-15.)—The weights and
measurements of a number of eggs of 56 species of birds found in

Co. Down, Ireland, are given here.

Increase in the Numbers of Breeding Birds in Mago and Sligo.

I5y Robert \\'arren. (Irish Naturalist, October, 1902, pp. 2Ki-2l9.)—
Mr. Warren here gives some interesting notes on the increase during
the last few years of Starlings, Books, Blackbirds, Shovellers, Shell-

drakes, Common Gulls, and Arctic and Lesser Terns in the counties

mentioned
Report on the Movements and Occurrence of Birds in Scotland

during 1901. By T. d. Laidlaw. (Annals of Scot. Nat. Hist,

pp. 06-82, 129-130, 193-199).—Mr. Laidlaw's annual report of the

movements of birds in Scotland is always a careful and useful

contribution.

Oulls killed while following the Plough. (The Annals of
Scottish Nat. Hist., October, 1902, p. 251.)—Mr. L. H. Irby records

how that in the Island of Coll this .spring four Common Gulls were
killed or disabled while closely following a plough by the tilth turned

up by the jilough falling back on them.
Starling Roost on Cramond Island. (The Annals of Scott. Nat.

Hist., Oct , 1902, p. 252.)—The Starling roost referred to in IvNOW-
i.KDQE for February last, jvage 35, is reported by Mr. Chas. Campbell
to he now deserted. A good number of trees have been killed by ihe

droppings of the birds, and thesteuch of the place is very disagreeable.

Mr. Campbell thinks that the average length of time these birds

occujiy a particular roosting place in great numbers is five years.

All contributions to the column, either in the way of notes

or photograph.'!, should be forwarded to Harry F. Witherby,

at the Office o/ Knowleuge, 320, High Hidhnrn. Tmndim.

AsTKOJfOMiCAL.—There can be little doubt that the

spectroscope will eventually give precise values of the

rotation periods of the planets which have no surfiice

markings sufficiently distinct tor the application of the

ordinary telescopic method, as it has already done for

those parts of the suu which lie outside the spot zones,

and for the rings of Saturn. M. Deslandres, of the

Meudon Observatory, has given much attention to this

v.-ork, and among his latest results is tlie determination

that the rotation of the planet Uranus, like the revolution

of the satellites, is in a retrograde direction. The method
employed is to place the slit of the spectroscope along the

equator of the planet, so that the rotation produces an

inclination of the lines as compared with those given by a

source of liglit which is at rest.

During the total eclipse of the sun, May 18, 1901, Mr.

Perrine, of the Lick Observatory, took advantage of the

opportunity of making a photographic search for an intra-

Xlercurial planet. After a minute cxamiuation of the

negatives, lie now rei)orts that there is lui planetary body

as bright as o'O visual magnitude within 18^ of the sun,

whose orbit is not inclined more than 7j° to the plane of

the sun's equator. Within two-thirds of this region it

further ajipcars that there was no such body as briglit as

7.f
magnitude, unless at the time of eclipse such a hudj'

was in direct line with the sun or with the brightest part

of the corona. Were there any considerable number of

such bodies as bright as 71 magnitude it is probable that

some would have been detected. A planetary body of this

magnitude would be thirty-four miles in diameter. As
seven hundred thousand bodies of this size, and as dense
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as Mercury, would be required to produce the outstanding
changes in the orbit of Mercury, it no longer seems
possible to attribute these perturbations to bodies of con-
siderable size between Mercury and the sun. It is not
considered impossible, however, that the litiely-dividc 1

malter composing the Zodiacal Lisht is suflicient in the
aggregate to cause the recorded disturbances of Mercury's
orbil.—A. V.

, ..

Botanical.—The method of dispersal of the seeds of
Viola caniua are, perhaps, generally known through the
observations of Kerner. When the capsule dehisces, ihc
hard smooth seeds, which are attached to each of the three
valves, are subjected to so much pressure by the contrac-
tion of the sides of the valves, that they are squeezed out
and sometimes thrown to a distance of three feet. Mr.
11. Ct. Leavitt has noticed the seed dispersal of another
species, V. roliaiiUfolia. In some instances, he states in

Bhodora for September, the seeds are merely pushed out
;

many of them fall within a foot of the capsule that con-
tained them

; but olhers arc thrown a distance of tive

feet, and he shows that in one case the distance reached,
apparently by these means alone, was nine feet.

IMonsieur C. De Candolle has published two papers on a
curious Indian Jf'icus, remarkable ia having all its leaves

transformed into small pitchers. The second paper
appears in the last number of the BitUctin de V Rerhicr
Boissier. Prof. Buchenau has recorded an instance of a
])itcher-shaped leaf in the common fig (Ficus Carica), but
this was merely accidental, and, as is usually the case, the
inside of the pitcher was formed by the upper side of the
leaf. In the plant investigated by Monsieur Ue Candolle
the leaves appear to be normally pitcher-shaped, and the
pitchers are extraordinary in haying their interior formed
by the under side of the leaf.

The botanical collections made during the visit of the
Danish Expedition to Siam, in 1899—1900, have been
investigated by various botanists, and the results are being
published in the Botanisk Tidsskrift, in ti series of papers
edited by Dr. J. Schmidt. All the plants were obtained
from Koh Chang and other smaller islands in the Gulf of

Siam. The last part published (part 7) contains several

new species of Dipterocarpaceie, which have been described
by Prof. Heim. Of the fourteen species enumerated no
less than seven are new. This order appears to be
exceptional with regard to the number of novelties, for

on the whole the collections contain very few previously
unknown plants. All the nineteen Composita) brought
from the islands are found in the eastern part of British

India.—S. A. S.
, ,

,

Zoological.—In an article on four-horned she?p
jiublished in Knowledge for July, 1901, it was suggested
that the duplication of the horns in those breeds was due
to splitting of the normal pair. This suggestion has been
made a practical certainty by a skull of a South African
])iebald ram recently presented to the British Museum by
Mr. W. P. Pycraft. In this specimen each horn is cleft

to within a short distance of its base ; the minor branch,
which is inferior in position, lying close alongside the
larger. It may be added that the shce|) of this breed,
which apjiear to have come originally from Zululaud, but
have been introduced into many parts of Europe (inclusive

of Great Britain), frequently develo]) two pairs of horns.
These differ from tlio.sc of the ordinary four-horned sheep
of the Hebrides m>i only by their colour, which is black,

but also in form.

From a bed of gravel near Greenhithe, Kent, known,
on account of the number of shells of that genus it con-

tains, as the Neritina-bed, Mr. E. P. Newton, in the Sep-
tember number of the Oeolojical Magazine, describes a
large roilent incisor which he believes to be referable

to the giant beaver (Tror/oiil/ifiriuni ciivifri). Hitherto
remains of lh:it S|)ecies have been known only from the
Norfolk forest-bed. If the present specimen be correctly

identified, it tends to show that the latter deposit is of
Pleistocene, and not, as supposed by some, of Pliocene age.

In the Annals and Magazine of Natural Jlintonj for

September, Mr. O. Thomas describes from S/.echusn a
larger form of that beautifully colourel animal the panda,

or cat-bear, of the Himalaya, under the appropriate name
of JEliirus fulfjcns xtijani, bestowed in honour of Mr.
Styan, who has done so much to increase our knowledge
of the fauna of North-Western China.

An even more interesting animal is described in the
October issue of the same journal by Mr. Thomas. This
is the eastern form of that large and handsome antelope
commonly known as the bongo {Traijelaphiin ennjreros), the

first skin of which to be reeeived in this country was ob-

tained by M. du Chaillu on the AVest Coast. Of the eastern

representative of this antelope a fine series of skins and
horns from the forest district to the eastward of the

Victoria Nyauza have recently been presented to the
Natural History Museum by Mr. V. \V. Isaac. These speci-

mens show that, in the eastern race at any rate, the bongo
differs from its cousins the bushbueks in that the females

as well as the males carry horns. This necessitates the

reference of the former animal to a distinct genus, which
it is proposed to call Bijucercus, in allusion to the tufted,

ox-like tail. Since the eastern race differs somewhat in the
horns and skull from the typical western form, Mr. Thomas
designates it B. eiirijceros isaaci. It is a remarkable
circumstance that the elands and bongos, the two repre-

sentatives of the tragelaphine antelopes with horns in both

sexes, also differ from their relatives in having tufted, in

place of fully haired, tails.

In the same number Mr. E. I. Pocock publishes a
revised classification of the existing members of the horse

family. After assenting to the view that the Asiatic

members of the family, namely, Przewalski's horse, the

domesticated horse, and the kiang, or chiggetai, form a

group by themselves, the author points out that the North
African wild ass and the mountain zebra of South and
South- West Africa are very closely related to one another.

Burchell's zebra and its subspecies, on the other baud,
come so close to the true quagga (whjse name they have
usurped) that Mr. Pocock regards the whole series as

local variations of a single species, for which the name
Equus quagga stands. Very distinct from all the rest, in

the author's opinion, is Grcvy's zebra, of Ab3'^ssinia and
South Somaliland. From this it will be gathered that

Mr. Pocock attaches little or no importance to the

presence or absence of striping iu this group as indicative

of affinity.

The discovery of a new vertebrate fauna of Middle
Cretaceous age in the north-west territories of Canada is

a circumstance of more than ordinary interest, especially

eince among the remains are teeth of two species of

mammals. The new fauna, so far as it is at present known,
is described by Messrs. Osborne and Lambe in Contribu-

tions to Canadian Fahcontology (Vol. III., pt. 2); Pro-
fessor Osborne dealing with its general characters and
relations, and INlr. Lambe discussing the genera and
specits. The reptiles include several chelonians and
dinosaurs ; among the latter being a species of Trachodon
(a relative of the iguanodon, but with pavement-like

teeth), of which the impression of a portion of the skin
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is i)re8erveil in the matrix. The best of the two mammalian
specimens belongs to a form nearly allied to the little

PUiijiaitJax of the Dorsetshire Purbeek, a species ever
memorable on account of the controversy which took j)lace

as to whether it was herbivorous or carnivorous.

j^otucs of Boolfes.

".Vmmai. Forms ; A Ski .>mi T5o(ik of Zoology." By D. S.

Jordan and H. Heath, v Loudon : Ilirschfeld.) Pp. vii. + 268.
Illustrated.—If American writers intend to make a serious
atteni]it to capture the English market for zoologic;il text-books,
they would do well to see that their work is suited to its environ-
ment. In a vohime bearing only the name of an English publisher,
and betraying to those unacquainted with the nationality of its

authors no indication of its trans-Atlantic origin, save certain
peculiarities of orthography and diction, it is nothing short of
absurd to find that the expression " this country " means North
America. For example, the student is likely to be puzzled by the
stitement on page 241 that "in this country the group [of cats]
is represented by the lynx (Lynx riDiadtii.ii.'i), the wildcat
(L. ru/us), and the panther or puma (Felln cuucolor]." Neither
is the sentence (p. 230) that " the native hollow-horned
ruminants

(
Bnriihr) are at present confined to the western plains,

and comprise the prong-horned antelope, the wary bighorn or
Rocky Mountain sheep, and the bison or buffalo," calculated to

make matters clear to the mind of the average English reader.
AVe might, moreover, take exception to the last sentence on the
gi-ound that the ])ronghorn is not generally regarded as a
member of the lioiuhi. A further objection we venture to
make is the employment of American misnomers in a work
professedly English, as exemplified by the title " American elk "

to the plate of Rocky Mountain wapiti. If it is worth while
to publish an American work in a professedly English guise,

the least the authors can do is to prepare an edition specially

revised for the new field. As regards the character of the work
itself, we are glad to be able to express a favourable opinion,
the descrii)tions of the various groups being couched in language
easy to be understood by the beginner, and the illustrations

admirable in character and in execution. Especially striking

and original is the figure of a group of lamp-.shells on page (59,

where the artist, by the ingenious introduction of a cliff of

carboniferous strata, has been enabled to show the members of
an extinct family alongside their living representatives. The
classification adopted is in the main well up to date, and the use
of technical terms avoided as much as possible. We are,

however, somewhat surprised to see the laneelet included among
the fishes, instead of with the protochordates ; and we are still

more astonished at the statement (j). 231) that " the duck-moles
are the only mammals which lay eggs." So far as we are aware,
it is only the spiny anteaters that are definitely known by
ocular evidence to lay eggs

;
and it is commonly asserted that the

duck-mole produces a pair of young annually (presumably in

the form of eggs), and not a single one, as stated by the authors.

If re\*ised on the lines pointed out above, the volume before

us may laj' claim to a share of patronage by English students.

"Webstkk's Intf.knatio.sal Dictionary." Anew edition

with Supplement. (George Bell and .Sons.)—If we refrain from
declaring this magnificent work to be the best dictionary, it is

only because we do not work habitually with Webster ; but we
entirely agree with the late Lord Pauncefote in his appreciation

of the extraordinary learning and industry which have besn
bestowed upon the work. Its American origin is, of course, a

disadvantage to it among English students and litterateurs, bnt

it is a work of the utmost practical utility, and is certainly

among the best working dictionaries of the English language.

"The Ei.e.mkntaky Principles op Che.mistky." By Prof.

A. V. E. Young. Pp. xiv. -i- 252 -^ lr6. (Hirschfeld Bros.,

Limited.; Illustrated, ."js. net. "Element.s oi' Physics." By
Dr. C. H. Henderson and Prof. J. F. Woodhull. Pp. x. +
388 -t- 112. (Hirschfeld Bros., Limited.) Illustrated. 6s.net.

—

These two volumes belong to a series of Twentieth Century Text
Books, designed to meet the demand for short treatises written

from the point of view of modern science in literary style,

accurate diction, and laboratory mood. The aims are high,

but they are true ; and though it would be too much to say

that the authors have been completely successful, yet their

books are well worth the attention of teachers and students.
Each book consists of a theoretical or descriptive part, and a
second part, with separate pagination and index, containing
details for illustrative experiments in laboratory and lecture
room. Full-page portraits arc given of distinguished men who
have contributed to the progress of science, and the illustrations
of apparatus are in most cases admirably done.

Prof. Young h,as produced an inspiring and philosophical
work, which should be of real assistance to students of chem-
istry. Beginning with general considerations as to properties
of bodies of practical importance, he passes to fundamental laws
of chemical action, equivalent and combining weights, the
atomic theory, and then the chief elements and their com-
pounds, taken collectively and separately. The experimental
work referring to points in the text is of an instructive character,
and the hints on the manipulation of apparatus and materials
will be found useful. The separation of the experiments from
the descriptive text has the advantage of permitting an unbroken
argument to be stated, but there are some objections to it when
the te.xt is made to depend upon the students' experiments. A
better plan is to make the text a didactic statement of ex-
perience, to be read by the student before or after he has done
his practical work, but not actually depending U|>on his results.

In the example of a record from a laboratory note-book, given
on page 1113, two long division sums and one multiplication are
worked out. Students who use a book of the type of Prof.
Young's ought not, however, to do sums in this way, but by the
use of logarithms. But these are minor points, and do not
prevent the book from containing as good a survey of chemical
.science and jihilosophy as it is possible to give within its limits.

The te.xt-book of ))hysics by Drs. Henderson and Woodhull
is more of the conventional type than Prof. Y'oung's volume

;

in fact, we have found little to distinguish it from other manuals
of physics, either in scope or treatment. Three kinds of levers
are classified, though the division is quite unnecessary

; the
wave theory of light does not receive sufficient attention ; no
experimental method by which the velocity of light has been
determined is described, and most of the matter is of a very
elementary character, though this is partly accounted for by the
extent of the subject. The standard of the work is about that
of first and second year .students in schools of science, or the
junior division of the Oxford and Cambridge Universities'

Local Examinations. For such students the descriptive text
and experimental course would be found very suitable.

"European Fungus Flora : Agaricace.e." By (Jeorge
Massee. (Duckworth.) Gs. net.—In a single volume of handy
size, Mr. Massee lists and describes the Agarics of Europe. To
accomplish this task in 280 pages requires a large amount of
condensation, and hence we find the description of each species

occupying on the average but three lines, essential characters
only being mentioned. No attempt is made to indicjite the
range of the species, except that non-British plants are enclosed
in brackets. As a key to this great group of fungi Mr. Massee's
work will be of much value, while the author's name will carry
with it confidence in the critical worth of the work. It is some-
what discouraging to the beginner at British Agarics to learn

that the foreign species mostly fit in between the British ones,
when the difficulty of discriminating between many of our
native species is remembered. Altogether 2750 species are
described, of which 1663 are known to occur in Britain—-a

considerably greater number, Mr. Massee remarks, than is at
present on record from any other European country. A
useful Bibliography of more recent and important works is

appended ; under Great Britain it is strange to find no mention
of Stevenson's IIii)iieiH)miiceU's, the most important British book
on the subject. There is a full index of species, and the book
is exceUently printed and neatly bound.

We have received froiii Messrs. Erdmann & Schanz one of
their " Triumph '' Aluminium Stereoscopes, together with a
selection of stereo slides, representative of some of the several

series catalogued by this well-known house.

BOOKS RECEIVED.
Kathlamet Texts. By b'ranz Boas. (Smithsonian Institution.)

Niels Henrik Abel Memorial PuhUc a L'occasion du Centenaire
lie sa Naisaance. (Williams & Xorgate.) 21s. net.

The Cat Manual. By Dick Whittingtoii. (Newnes.) Is. 6d. net.

Science Teacher's Pocket Book and Diary, l'J02-3. (Woolley.) Is.
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William Lane. (Ward, Lock.) Illustrated. 28.

Uifdroflraphical Tables. Edited by Martin Knudsen. (Williams

& Norgatc.) 5s. net.

Flora of the East Itidini; of Yorkshire. By Jas. Fmser
Robuison. To which is added a. List of the Mosses of the Riding.

By J. J. Marshall. (A. Brown & Sous. Lttl.) 7s. fid.

Zist of OhservalioHs. (Smithsonian Institution.)

Journal of the Society of Comparative Legislation. (Murray.) .5s.

Royal Astronomical Society's Reprints, Nos. 45, 48, 54 to 6'.?,

and 63.

Meteorological Observations at the Royal Institution of Cornwall,

1S30-1900. Compiled by George Penrose.

Commercial Supremacy and Military Service. By Sir James
Blyth, Bart.

Penny Chronology. Third Edition. By William Thynne Lynn.

B.A., p.n.A.s. (Sampson Low.)

Literature and Dogma. By Matthew Arnold. (Watts &, Co.) 6d.

INSECT ODDITIES.-II.

By E. A. Butler, b.a., b.sc.

In our last paper, some of the oddities of insect life were
selected from that single order which is so prolific in

queer creatures, viz., the Hemiptera, In the present one,

our selection will be made from the rest of the insect

world, so far as it is represented in the British Isles. But
before entering upon the description of these additional

oddities, it may be worth while to point out that another

very excellent examjjle would have been taken from the

order Hemiptera, had it not been already dealt with in a

previous number of Knowledge. If the reader will turn

to Vol. XVII., p. 148, he will there find a short account

of the insect called Orlhezia iirticse, a fairly common species

belonging to the so-called scale-insects, and one which, at

least in the female sex, looks more like a piece of sculpture

in alabaster, or a cast in plaster of Paris, than a living

insect, and it is well worthy of a place in our gallery of

oddities.

Turning now to the order Hymenoptera, that of the

bees, wasps and ants, we will select a curious creature

belonging to a small section of the order called Procto-

trnpkliie. This section contains the smallest of all

Hymenopterous insects, many of which are so minute that

they are able to spend their

whole larval life within the

eggs of other insects, finding in

the contents of a single egg
sufficient food to last them
their lifetime. The insect we
select, however, is much larger

than this, though it also is a

parasite. It is called Gonatopus
pedcstris (Fig. 1), and its place

here, at the head of the present

paper, is a most appropriate

one, as it is parasitic upon
insects of that gro>ip which
yielded most of the illustrations

in the former paper.

If we find in August or

September a field in which the herbage has been allowed

to grow long and dry, and sweep with a net amongst the

Fia. 2. — Fore-pai-ts of

Fig. 1.— Gonatopuspedesfris.

long grass-stalks, we shall probably cai)ture hundreds of

small brownish or yellowish frog-hoppers, Iwlonging

chiefly to the two genera Atkysanun and Dellocejjliahi8,

the former being the larger of thi> two. Amongst
this crowd of jumping creatures, we shall probably

notice a few individuals which seem more or less

deformed. They are incommoded by having a large black

wen-like excrescence growing from some part of the body,

generally the fore-parts, and especially at the side of the

head, at the junction between it and the thorax (Fig. 2).

By this we know that the insect is suffering from the

attack of a parasite which is either our GonatopuH, or

something akin to it. The black excrescence is, in fact, a

sort of case which contains

inside it the grub of the

parasite. The juices of the

host are diverted from their

true course to pass through
the slender attachment of this

black bag to the body, and so

to nourish the larva contained

within it.

The case is something like

an oval box constructed in

two parts, which unite to-

gether all round the edge. The Mhysanus obsoUtm, wiih

larva within is a footless parasite (a).

maggot, which has a very easy

time of it, being fed entirely at the expense of its host,

while it has nothing to do but lie still and enjoy itself.

When it is full grown the black skin bursts, the lid

coming off as it were, and the imprisoned insect escapes,

and soon spins a little cocoon somewhere in the neigh-

bourhood. From this cocoon emerges in due time a most

odd-looking creature (Fig. 1), something like an ant in

general appearance, but with a disproportionately large

head, and a most extraordinary pair of fore-legs. A large

part of the head is occupied by the huge masses of the

compound eyes. The thorax is greatly elongated, chiefly

in consequence of the large size of its first segment, the

prothorax, which is much more fully developed than is

usually the case in this order of insects. There is nothing

remarkable about the body, nor about the two hind jjair

of legs, save that they are rather long and thin, and that

their thighs are clubbed. But it is the fore-legs that

constitute the most important part of the creature's

anatomy, for upon their skilful manipulation depends the

solution of the question whether the insect shall be able

to secure for itself a posterity, or whether its line is to

become extinct with itself. (Df course, it is the female

insect we are referring to throughout.

To provide forthe deposition of its eggs, it will have to

catch a suitable froghopper, aud every entomologist knows
that this is one of the most difficult tasks to which ho

can be set, for of all insects the froghoppers are the most
agile and the most wary ; their awkward habit of suddenly

kicking out with their hind legs, and so jerking themselves

violently through the air from place to place, makes them
the most tantalizing of objects to hunt. To meet the

difficulties of the situation, therefore, we find that Gonato-

pus is doubly well equipped. In the first place, there are

those huge masses of eyes on each side of the head, by
which a wide horizon can be scanned, and a good look-out

kept for the discovery of a suitable quarry. And then
there are the fore-legs, which are a innUniii in parro, and
remind one of those household implements which are

many tools in one—hammer, screw-driver, pincers, and
the like. The leg is not merely a walking machine. It

has an extra thick thigh, which means good muscles for

the rapid and forceful movement of the whole limb.



November, 1902.] KNOWLEDGE 259

Then comes the I'mg and thiu shank, which is succeeded

by a foot, the like of which we may search for elsewhere

in vain. Instead of the pair of claws by which an insect's

foot is usually terminated, there is an apparatus propor-

tionately very large and most awkward looking, and
reminding one of a boy's clasp knife (Pig. 3). Being in

reality a modified pair of claws, it consists of two parts,

one of which is broader, turned up at the tip, and fur-

nished with stiff bristles along its inner edge, and this

corresponds to the hasp of the knife ; the other is thii).

blade-like and pointed, and represents the blade. The
claw-like blade can be opened out fully so as to be in

a line with the stouter hasp, or it can be completely closed

upon the latter just as the blade upon the hasp. The
whole apparatus is attached to the rest of the foot at the

hinge where its two parts move upon one another, and,

therefore, though symmetrically disposed with regard to

the foot when open, it hangs down on one side when
closed, and gives a most unsymmetrical and malformed
appearance to the limb. This curious apparatus acts as a

pair of pincers, and its function is evidently to seize hold

of the bristle-like hairs of some froghopper less wary
than usual, so that it may be detained to serve as a host

for the egg of the parasite. It can hardly seize anything
much larger than the hairs of its cjuarry, as the whole
apparatus is so minute that a microscope is necessary in

order to make out its details.

For our ne.xt oddities we will go to the order Dipt«ra,

or two-winged flies. There is a certain section of this

order the members of which are external parasites on
warm-blooded vertebrates, and as habits of this kind often

produce great modification in the form of the parasite, we
need not be surprised that some of the insects referred to

are so changed as to be scarcely recognisable as flies.

They are generally Ihit-bodied, shiuy creatures, with
bristles scattered over the

bodv, and with stout legs

ending in strongly curved
and very powerful claws.

The single pair of wings
which distinguish dip-

terous insects are usually

present, though often

greatly modified in form
;

but sometimes they are

altogether absent, and the insect is quite apterous, so

that none but an expert would suspect its near relationship

to the active and vivacious flies.

Our first example may be the " bird-fly," Oniithomyia
aviciilaria, which is a parasite on birds, and sucks their

blood ill much the same way as the bed-bug does that of

humankind. This insect sIkjws very well the Hattened
head and thorax which are so common in the group ; its

wings are ample and it can fly well. The claws are large

in proportion to the size of the body, and they are very

powerful and permanently bent abruptly inwards, re-

minding one of the corresponding structure amongst
vertebrates in the hand or foot of a sloth. The claw of

an allied insect is shown at Fig. 5a. This arrangement,
while it unfits the insects for walking easily on flat

surfaces, gives them a wonderful tenacity of grip on un-

even surfaces, and makes it difficult to dislodge them from
the feathers of the birds on which they live. They are

very vivacious insects, running with great agility, often

sideways like a crab, and easily eluding pur.snit by burying
themselves in the feathers of their host. These parasitic

flies, though exhibiting the habits of lice, must not bo

confoimded with the true bird-lice, which are very different

and much smaller insects, apterous and constituting a
distinct order called Mallophaga.

FlO. 3. — Claws of Go la/opiu

pedettris. Highly magnified.

A rather larger insect, somewhat similar to the bird-fly,

but with dark shiny brown body, attacks horses in the
same way, and is sometimes exceedingly troublesome to

them. In accordance with its habits, it is called

Hippobosca equiin. It has a very tough body which can
staud a great amount of pressur ; without being harmed

—

a very useful attribute when one thinks of the risks it

must often run in getting into narrow corners, under
harness, &c. The head of this insect is worth a careful

examination under the microscope, as it shows the sort of

structure an insect often takes on in becoming parasitic.

Everything is arranged with a view to the least resistance

in passing amongst the hairs of the animals on whose
blood it feeds. The surface of the skin is very polished

and well rounded, without prominences which might get

in the way. The outline of the head is continued in the

eyes, and the antennae are neatly disposed of by being

sunk in a couple of pits. They usually stand out promi-

nently on a fly's head, and if that were so in- the present

case, they would no doubt be an impediment to rapid

progress amongst a forest of hairs. But they are much
shortened and consist mainly of a large round knob,

surmounted by a long and strong black bristle, which is

the only part visible outside, all the rest being sunk in the

pit. It is curious that an exactly similar contrivance

may be found in another parasite, though a very dis-

similar one, viz., the common flea. Between the antenna;,

and at a little lower level, is a sort of black beak which

ensheaths the piercing apparatus. This latter contains

bristles strong enough to penetrate even the tough hide of

a horse, and thereby cause intense irritation.

The swallow louse, Stenoptenj.v hirunduiis (Pig. 4), is

another of these parasitic flies. It has the same flattened

and polished body, and the same
stout legs and curved claws, the

former green and the latter black,

as usual. But it has advanced a

stage on the road to the apterous

condition ; the wings are reduced

very much in breadth, and look as

if all the inner parts had been cut

away with a pair of scissors, only

the outer and stronger edge being

left. The creature lives parasitically

upon swallows, making its way, crab

fashion, amongst the feathers till it

reaches the skin, which it pierces with

its beak for the sake of the blood. If

the host dies, the fly is not long in

discovering the fact, and it forsakes the now useless body,

flying away till it encounters some other living being on

which to alight and try the strength of its beak. If this

does not happen to be a bird, the fly soon leaves it and
proceeds on its travels tUl a more suitable host is dis-

covered. When thus free, it is sometimes troublesome to

human beings. The Rev. W. Kirby mentions a case in

which one of these creatures behaved just like a bed-bug,

establishing itself in a bed and greatly worrying the

occupant for several nights without his su.specting the

true nature of the annoyance, till at last a close and
careful searcli brought the culprit to light. Curiously

enough, when I had reached this point in writing

this paper, a living specimen of this same fly was
brought me, which had settled upon a person walking

by the side of a wood, and had startled him by its

quaint form and strange motions, so that he captured it

at once.

This swallow louse, as mentioned above, has got its

wings abbreviated, and it seems likely that in the course

of time its descendants may have theirs still further

Fie. 4. - Swallow
louse (Stenopteryx
hirundini^).
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ii'ilucod. iiiul may ultiiiiaU'ly loso them altofjether. Siicli

ii sUigt} has, in liu-t, alroady boon reachod by one member
of the {,'1011]), whieli has thus lost all resemblance to a fly,

and, in fact, is popularly rej,'arded as hardly even an
insect, being called the .sheep-tick (Fig. 5). This name,
however, is a misnomer, as the true ticks are parasitic

tuites, eight-legged creatures belonging to the class

Arachnida, which includes spiders and scorpions. The
sheep-tick is six-legged, and is, of course, a true insect,

being, in fact, merely a much modified fly. Its scientific

name is Mehiphagus oriniis. It is a most repulsive-looking

creature of a dark brovn colour, about three-sixteenths of

an inch long, and is a common pest of sheep, to the fleece

of which it clings with extraordinary tenacity so as to be
diflicult to remove, while, at the same time, it is able

readily to vrork its way hither and thither amongst the

compact mass of hairs and so elude pursuit. It has

Fig. 5.—Sheep-tick {Melophagus ovinus); a, claw of ditto,

mucb magnified.

absolutely no wings, and at first sight it appears to have

uo head ; but this is because the head is completely sunk

in the thorax, so that there is uo constriction between the

two, nothing in the nature of a neck. In this feature it

departs very widely from the normal plan of fly structure.

The head of a fly is usually attached to the body by so

slight and narrow a junction, that it can be partially

revolved round its pivot from side to side, and a mere
jarring is sometimes enough to decapitate a dried speci-

men ; this the dipterist often finds out to his cost, for a

collection of flies, unless most carefully kept, is pretty

sure to suffer more or less loss from the accidental decapi-

tation of specimens. But uo such calamity could ever

befall a sheep -tick.

As in all these " lou.se-flies," the abdomen looks like a

more or less flattened bag and shows no trace of segmenta-

tion, and its peculiar construction is associated with one

of the most remarkable characteristics of these in other

respects equally extraordinary creatures. There are

several members of the order Diptera, such as the flesh

flies for example, that retain their eggs long enough within

the parent's body for them to hatch, and hence the young

are produced in the foi-m of maggots. But this sheep-

tick, as well as the other louse-flies already described,

carries this peculiarity still further, and the birth of the

young is delayed, not merely till they cease to be eggs and

are hatched into maggots, but even until they have passed

through their whole larval life and are just on the point

of becoming pupaj. While within the maternal body these

larvae are nourished by a sort of milky secretion furnished

by the parent. The so-called eggs that the fly produces,

therefore, are not really eggs at all, but consist of what in

flies is called a " puparium," i.e., a case composed of the

last larval skin, containing within it the true pupa or

chrysalis. These pupse are of course very large, and one

of "them is enough to occupy all the available space in the

fly's body, and therefoi-e, necessarily, at each birth the

insect's progeny is restricted to a single individual. Of
course, the size of these so-called "eggs" would alone be

suflicient indication that when thus named they are mis-

I'alled. From the peculiar method of their reproduction,

this particular gi'ou]) of flit's is sometimes called the

l'u]>ipara, or jmpa-producers.
It might have been supposed that in the sheep-tick these

parasitic Dii)tera had reached the lowest de])th of degrada-

tion and achieved the maximum of modification, but such
is not the case; there are other species that exhibit a still

more modified and degraded form, and are thus still more
unlike what one ordinarily understands by the word " fly."

First there are the so-called Spider-flies or Bat-lice,

belonging to the genus Nyderihia. They are little

creatures, only about ^ of an inch long, of very active and
agile habits, living parasitically on bats. The head is

reduced to a rudimentary condition, and what little there

is left of it is sunk deeply in the thorax, so that the insect

appears to begin with its first pair of legs. They are quite

wingless and look more like small spidei-s than flies. Still

smaller, more rudimentary, and less fly-like is the little

Braula, or bee-louse, a parasite on bees.

From what has been said above, it will incidentally have
become manifest that vei-tebrate animals are subject to

the attacks of at least six distinct sets of parasites of quite

different tyjies, the popular names for which are more or

less confused, and do not always truly represent the

zoological position of the animals, so that such words as

lice, ticks, &c., by themselves are but vague, and convey
little more distinct idea than that of parasitism. Best
known are the fleas, an aberrant group of dipterous insects,

and the bugs, belonging to the Hemiptera. Then there

are the tme lice, with suctorial mouth, which may perhaps
be regarded as degraded Hemiptera ; the true bird-lice, or

Mallophaga, with biting mouths ; the Pupipara, or so-

called spider-flies, bird-flies, bird-lice, bat-lice, or louse-flies,

a parasitic section of the Diptera ; and lastly the ticks, or

IxodidiK, which are not insects at all, but are allied to the

mites and spiders in the class Arachnida. Even these six

groups do not exhaust the list of those persecutors of

vertebrate animals that actually take up their residence

upon the bodies of their victims, though they are all that

happen to have occurred to us in our investigations

thus far.

.o

Conducted by M. I.Ceo§s,

PoND-i.lFE C'oLLECTlNt; IN XcivEMHEU.—With the advent of

November, Pond-life all round becomes less abundant, and fewer

species are to be met with. By degrees many of the water-

plants die down, and the fauna is reduced to such forms as can

subsist throufjh the winter. Those animals which cannot do
this, such as Polyzoa, Uaphnia, some Rotifera, etc., have by this

time produced so-called winter eggs or resting germs. The
winter fauna, however, is much more numerous than is

usually assumed. Among Rotifers, several species of SijncliiTta,

S. pec'tiiiatd, trcmnla and ohUmga, seem to like the winter quite

iis well as the summer ; then tiic following maj' also be expected

in moderate numbers : .[njilanchna jtrindontd, Aiivraa aciileata,

Polyarthni plati/ptera, liotifer vulgaris, Euclilaiiis deriexa,

Triarthrd lonf/iseta, Bracliiomis aiigularis, Conochilus iinicoriiis,

Digh'iia J'oiri/niki, J)ia!icli/:a liicinuhila and ramphu/cra. Vino-

cliarix li'li-d' ti.s, and others. Among the Infusoria, the Vorticella

in particular seem to like the cold season, and a number of

different species, and often large colonies, can be found attached
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to submerged rootlets of trees growing near the edge of the
water. Attached to the fine stems of Cnrrhi'sium, Zoothumtiiitm
and other stalljed colonies of Vorticella, the very much more
minute, but beautiful, colonies of Collared Monads: OkIosIhii,

etc., are often found, and deserve a good look with the higher
jiowers.

In canals and lakes where Cristatella has been abundant
during the summer, their spiny stadoblast may now be found
liberated and often in large masses floating near the edge of the
water which lies opposite to the direction of the prevailing wind.
These should be collected and ])laoed in a jar full of water with
some Anacharis in the warm room at home, where they will
hatch by the end of December or January, and the beautiful
young Polyzoa can be seen emerging from their box-shaped
prison.

Fixe Aii.iusTME.NTS.—In a former number (July, 1901) some
fine adjustments of recent construction were described, and
reference was made to one which Jlessrs. Swift & Son were

introducing, the details of which, at the

time, were not ready for publication.

The adjoining figure will enable the

])rinciples of its construction to be at

once ajipreciated, its action depending on
a lever of the second order, which com-
municates an exceedingly slow rate of
movement, and at the same time allows
of the use of a coarse operating screw,
which obviously would not be so liahle

to wear with constant use as a fine one.

A fine adjustment of this description
goes a long way to elevating a microscope
from a tool which magnifies to an instru-

ment of precision, and is a feature
which, there is no doubt, will bring its proper reward to its

inventors.

While on the subject of fine adjustments, a new two-speed
arrangement may be incidentally referred to. Descriptions
have previously appeared iu these columns of the original device
which was introduced by Messrs. R. L*t J. Beck, and now an
altogether different one, possessing novel features, has been
put on the market by Messrs. AV. Watson & Sons.

In Messrs. Reek's form, the two milled heads were mounted
on one centre, i.e., one operated through the other ; in Jlessrs.

Watson's form their ordinary lever is used, and for the e.xtra

slow movement a second lever is joined to the main one, and
acts in conjunction with it, a second milled head separately
mounted being fitted for effecting the movement. In effect,

the operation of the second lever is the .same as an extra long
lever would produce.

Considerable limits in the rate of movement are possible by
merely altering the pitch of the thread or the point of couUict
with the lever. In any case it is worthy of notice as a new
device in microscopic adjustments.

Cellular Stru( Tt'RE.—The interest and information which
arise from the examination of cell structures and contents is

such as to make it worth while for the ordinary worker to
pursue the subject in some degree for himself. Who has not
been struck on examining chlorophyll or protoplasmic structure
for the first time V and the interest is materially increased by
the knowledge of the controversies which have occurred, and
experiments which have been made for so many years in
connection with this particular subject.

A simple method of examining for oneself is as follows :

Take an onion, cut it in half and separate the layers with a
pair of forceps ; clinging to each scale is a deUcate vegetible
membrane. This is carefully removed and a piece cut from it

with a pair of scissors, about f of an inch diameter. This will
then have to go through a fixative of 30 per cent, alcohol, iu

which it is immersed for about three minutes. The fi.xed

specimen is then transferred to a 1 per cent, watery solution of
iodine for five minutes. This stains the nucleoli, nuclei,
protoplasm and cell-walls a yellow or brown. The specimen is

subsequently rinsed and mounted.
IE the protojjla.sm in the cell is to be the special object of

examination, some of the fixed pieces should be pLaced for five

minutes in an 80 per cent, solution of alcohol, then transferred I

to a 1 per cent, aqueous solution of metbj'l violet for three
minutes. This will produce a violet staining effect, which will
show not only the cell-wall, nucleus and nucleolus, but also the
protoplasm as a distinct mass with a clear space between it and
the cell-wall.

If it is desired to double stain the sections, they should be
transferred from the fixing solution to Delafield's hajmatoxyhn
for ten minutes, rinsed iu water, then placed in hydrochloric
acid 10 drops, water lOOcc, in which they should remain until
they fade to a salmon pink colour ; transfer to water until they
a.ssume a light blue colour, immeree in a 1 per cent, aqueous
solution of eosin for .\ minute, rinse and mount. These
processes produce a nucleus stained a rich blue and other
structures pink.

The subject may also be examined fresh in water on a slide
having an excavated centre, when the nuclei and cell-walls will
appear in faint outline.

Wavted, a Microscope Table.—There are a largo number
of working microscopists who are greatly restricted for space,
and are consequently unable to devote a room for their work,
or even to have many really essential fittings. To such, a table
which would at once combine and afford all the convenience for
microscopical work would be a boon. Medical men nowadays
especially have frequently to prepare specimens of sputum and
other micro, subjects for immediate examination, and, under
ordinary circumstances, each individual item of the various
processes has to be specially looked out, the microscojje set up
and arranged, all at the cost of considerable time and trouble.
Many amateur microscopists would work a great deal more

with their instruments if it were not for the trouble of having
to look everything out and prepare it for working, this alone
often occupies as long or longer than the time at disposal for
actual work.
What is wanted, therefore, is a table which shall jjermit of

the microscope being left in readiness for work, and so arranged
that either daylight or artificial light may be immediately
available. There should be suitable drawers or fittings for
lense.s, condensers and micro, accessories ; proper fittings for
re-agents, wash-bottles, troughs, etc. ; drawers for mounted
specimens, and in addition a space which shall be dust-proof,
but not air-proof. In addition, if some convenient device could
be suggested for having a supply of water, together with a small
basin or sink, the convenience would be increased.

It may be that many readers have given thought to such a
matter as this, or may be disposed to do so. I should be glad to
receive suggestions or drawings of a comprehensive table, and
would arrange that two or three were published in these columns.

Seeing that photo-micrography has now become so much a
part of a microsoopist's equipment, the desirability of including
space for a camera, etc., in connection with the table might also

be considered.

Covers for Micro. Specimens, etc.—I am indebted to a
reader for kindly sending to me a sample of a very neat cover,
which would, I believe, be found advantageous to many working
microscopists. This particular one is sufficient in size to cover
a 3 by 1-inch slip, and is of the kind used by watch-makers for
protecting their work ; larger and smaller sizes can be obtained.

In the workroom one is constantly wanting something of the
kind for protecting watch glasses, dissecting dishes, staining
cells, and preparations generally ; this would just seem to meet
the need. It has the special advantage of being ornamental as
well as useful, the handle being of cut glass of very neat design.
The sender of this states that this was obtained from a

wholesale watchmaker in Clerkenwell.

NOTES AND QUERIES.
C. S. T.—The most likely people to give you information as

to the various materials for grinding rocks are Messrs. Cotton
& Johnson, 14, (ierrard Street, Soho, W. Have you tried
Carborundrum ?

W. P. B.—The best book on the microscope is " The Micro-
scope and its Revelations," edited by Dr. Dallinger, of which a
new edition has recently been published. Of the simpler and
more elementary works, " A Popular Handbook to the
Microscope," by Lewis Wright, costing 2s. 6d., is very good.
To use your .Student's Petrological Microscope for general
purposes, it is only necessary to withdraw the analyser prism

,
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Bcrtrand's lens, etc., from the body, .ind substitute for the
polnrisor an achromatic condenser.

ir. /•'. N.—Tf yon .succeed in using 30ur aclu'omatic condenser
satisfactorily with the limited means at your dispos;iI, it can
only be at the cost of infinite care and patience. It must l)e

recognised that to use a condenser of large aperture etKciently

it requires as much care in adjusting as an objective of large

aperture. You ought, therefore, to provide yourself with a rack-

work focussing substage, with centreing screws to make the
condenser quite true with the objective ; a simple sliding tube is

really not enough for good work.

Communications arid enquiries on Aficroscopical matters are

cordially invited, and should be addressed to M. I. Cross,
Knowledge Office, 326, High Holborn, W.C.

NOTES ON COMETS AND METEORS.
By W. F. Denning, f.u.a.s.

Pkrkink's Comet (1902 b).—This object was very favourably
visible when near the zenith in the clear moonless evenings during
the early part of October, but, though pretty conspicuous to the naked
eye, it never developed into a really large and imposing comet.
Bapidly traversing a path which successively carried it through the

stars of Perseus, Cassiopeia, Cepheus, and Cygnus, and thence to the
S.W., it entered the equatorial constellation Ophiuehus on about
October 17th. On November 1st the comet will be situated about 43"

east of the eun, and will set about 3J hours after that luminary.
About an hour after sunset the comet will be placed some 23° above
the S.W horizon, and may be found 4° N.W. of the star ji. Ophiuclii

(mag. 4'7). On November 3rd the object must be looked for 4° W.
of the star. On November 9th it will be ^een about .5" N. of

n Ophiuchi (mag. 2'6). The comet will exhibit a perceptible decline

in brightness from night to night (while its apparent motion in the
firmament will become markedly slower), so that when moonlight
strongly interferes with observation after the first week in November, it

will practically disappear as a suitable object for ordinary telescopes.

Pall op a Meteorite in Ieeland.—On S'j;tember 13th, at about
10.30 a.m , some men at Crosskill, Crumlin, Co. Antrim, were working
in a field when they heard a noise caused apparently by some explosion,

and this was succeeded by a sound similar to that of escaping steam,
or a train on the line, only much louder. On looking in the direction

from whence the sound proceeded, the men saw something descending
with lightning speed into the wheat field adjoining, and portions of

the soil were thrown up a considerable distance into the air. Mr. Andrew
Walker, on whose farm the meteorite alighted, says it fell vertically,

for it made a perpendicular hole, and the corn standing round was not
disarranged in any way. The stone was quite hot when taken from
the hole about a foot and a half below the surface. It was an
irregularly shaped mass of a dark metallic eolom-, slightly tinged with
Bometliing like gold. There was a piece broken off, apparently at an
earlier date, and was about nine and a half pounds in weight. It was
cracked, probably by contact with a large field stone which it met with

on embedding itself in the soil. Mr. L. Fletcher, of South Kensington,
visited the spot, and piu-chased the meteorite for the British Museum,
80 that we may expect to hear more particulars of the interesting

phenomenon.

Fireballs.—These brilliant objects were very numerous in August
and September, and the following are brief references to a few of the
most important ;

—
August 20, lOh. 31m., G.M.T.—Fireball lit up the sky with a glare

which dimmed the light of the full moon. Patli from 245° + 22° to

210° + 12°. Duration, three seconds.—Rev. W. F. A. Kllison,

Enniseorthy.
August 22, 6h. 35m.—Large meteor as bright as the moon seen at

Trinidad, W. Indies. It appeared in Capricornus, and shot to Coma
Berenices.—Newspaper account.

August 24, 7h. Ora.— Brilliant meteor observed at Colombo, passing
from N. to S., and bursting into a blaze of light. The dnzzling flash

terrified the natives, and served to enhance the apprehension regarding
the earthquake and similar disasters prophesied by Indian astrologers

for the end of the month.—Newspaper account.

August 25, lull. 31m.— Fine meteor exceeding the lustre of Venus.
Path from about 260° + 83° to 163° + 43°. Duration 2-1 seconds.—
T. \V. Backhouse, Scaton Carew, near West Ilartlepool.

August 2(i, 151i. 13m.—Fireball brighter than Venus shot from
305° + 40° to 290° + 15°, and left a streak for IJ minutes.—0-. M.
Knight, London.

September 6, 8h. 30m.—A magnificent meteor seen from the
£ngUsh Channel, London, and Shropshire, but not very exactly
recorded.

September 12, 131i. 47Ju).—Meteor equal to Sirius soared slowly
across the Bouthern sky, tnn'crsing a path of about 46" in 3J eeronils.

I'osition 3.'iO° + 301° to 3(H!" + 18°, and radiant near the eastern

horizon between y.'i'+2'' and 103°-.'')".— Prof. A. S. ller-chel. Slough.
Si'pt«mbcr 19, lOli.— Tl<*markahly large meteor appeared in the

N.W., not very far above the horizon, and remained visible about
half a minute. It had a pear-shaped head, and fell almost vertically.

—The Hon. Cordelia Leigh, Kcnilwortli.

September 25. 7h. 35m.—Brilliant flashing fireball observed by th •

Rev. W. F. A. Ellison, Enniseorthy, and also by the writ«r at Bristol.

The former recorded tlie path as from 340" -f 31° to 350° + 17°, while
the latter gave it 211° I- 41° to 204° •*- 38i°. The radiant was at

25.5° -f 46°, and the height of the meteor 88 to 57 miles over the sea,

between Cardigan Bay and the St. George's Channel. The length of

the luminous course was about 34 miles, which it must have traversed

with very exceptional velocity, for .Mr. Kllison estimated the duration

of flight as certainly not more than one-eighth of a second ! At
Bristol the actual descent of the meteor was not seen, but the flash

caused the observer to look upwards, and the path was recorded by
the transient streak.

September 27, 7h. 42m.—Large meteor brighter than Venus, seen

by Rev. W. P. A. Ellison, at Enniseorthy, moving from 290° -f 3°

to 298° — 7°, and lighting up the country. Duration \h seconds.

This object was also observed by Mr. A. SulUvan, of Dundrum, Co.

Dublin, with a path from e Aquari to within half a degree of Jupiter.

THE FACE OF THE SKY FOR NOVEMBER.
By W. Shackleton, f.e.a.s.

The Sun.—On the 1st tlie sun rises at 6. -54 and sets

at 4.33 ; on the 30th he rises at 7.43 and sets at 3. .54.

The equation of time is at maximum on the Srd, when the

sun is 16m. 20s. before the clock.

Sunspots may be looked for.

The Moon:—
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most suitable for observation as soon as it is dark ; on

tlie same ilatfis be sets about 10.30 p.m. and p m.

respectivelv. His polar diameter is diminishing, bein^
37" ou the 1st and 34" on the 30th. He is in quadrature

with the sun on the 2nd at 2 a.m.

The following' are among the more interestmg of the

satellite phenomena visible at Greenwich :

—

Diiy. B. M. Duy,

Nov. 6. I. Sh. I. .
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G. iV. Miihlletini.—I regret to receive no solutions from
von this month ; more especially as I had hojicd to have
jou on the " jury " at the end of the year.

PROBLEMS.

No. 19.

" Ciroumstances alter cases."

Black (K).

White (11).

Wliite mates in three moves.

No. 20.

" All's well that ends well."

Black (7).

«W

»

fjMy ^.,^

if

m
White (10).

White mates in three moves.

No. 21.

" True Blue."

Black (2).

mm ^ '"////,'

i
/

Whim (6).

White mates in three moves.

The scores of the six leaders in the Solution Tourney
are now as follows :

—

W. Jay...

"Looker-on"
W. Nash

89
84
83

J. W. Daws(m
C. Johnston
G. Woodcock

72

71

66

Mr. Jay has increased his lead and should be difficult to

overtake ; liut there will at any rate be a desperate
strug^'le for second and third prizes. 1 sincerely hope
that none of the above will retire before the etid of

Januarj', when the lastTournoy Problem will have appeared.
Otherwise the number of the jury will indeed be limited,

the above six alone being now eligible to serve. The Solu-

tion Tourney, of course, ends with the problems published

in the December number.

I am unable to find the problem " Aller guten Dinge
sind drei." The sealed envelope is also missing, and it is

not likely that both can have been mislaid. I can only guess,

therefore, in the absence of evidence to the contrary, that

the composer must, some months ago, have withdrawn the

problem, and that the fact has escaped my memory.
Should the composer see this, I trust that he will let me
know the facts.

CHESS XNTELLIOENCE.

Mr. F. J. Marshall has recently defeated Mr. R.

Teichmann in a short series of games, winning two and
drawing the other three. A small tournament in Paris

resulted in the following score :—D. Jauowski, 4^ ;

S. Taubenhaus, 3^ ; Von Scheve, 3 ; A. Albin, \.

Two eminent chess masters have passed away during
the last month. One, M. Rosenthal, was for many years

the best player in France, eminent alike as a theorist and
a practical player. He is chiefly remembered in England
for his game against Steinitz, which won the brilliancy prize

in the London Tournament of 1883. The other, C. A.

Walbrodt, of Berlin, was an even stronger player. He
did not do himself justice in the Hastings Tourney, but
at his best he was probably among the first six European
players. His death occurred at the age of 31.
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EDITORIAL.
With this number the Twenty-fifth Volume of

Knowledge is completed. At the close of a j-ear

the mind travels naturally back over events and

attainments of the past, and the student, old or young,

is inclined to raise enquirint^ ej-es from his own occu-

pation to contemplate progress around him.

The certainty of steady progress in science will be

felt after such a survey of the year 1902 ; and if war

gives rise to many opportunities for bringing the man
of science to the front, at least we may express the

conviction that peace following strife gives to science

an impetus towards solid advancement. Should

Knowledge in any sense have led its readers during

the past >ear to a participation in the results of the

progress of science, the Editors and Contributors alike

can be but gratified.

We hope that those of our readers who incline to

natural science will allow us to remind them that at no

time before has the .study pf nature been considered so

essential a part of life as at the present, whether

undertaken as the pursuit of spare moments or as the

serious profession of every day.

As regards our arrangements for 1903 ; in Astro-

nomy Mr. A. Fowler will write a series of papers on

Spectroscopic subjects, while Mr. Maunder, having

now completed his articles on " Astronomy without a

Telescope," will devote himself during the year to the

discussion of subjects of current interest. Miss A. M.

Clerke will deal with some " Theories of Gravitation,"

giving an account of the most recent speculations or

discoveries regarding the mode of action by which

the planetary :\nd sidereal machines are kept going.

.Miss Clerke will also discuss some new views in Solar

Physics. We hope to publish early in the year some

photographs of Perrine's Comet, by Dr. Isaac Roberts,

and articles on the Path of the Moon, by Mr. A. C. D.

Crommelin, and on Stellar Satellites by Mr. J. E. Gore.

The column devoted to Comets and Meteors will

be continued by Mr. W. F. Denning ; while " The Face

of the Sky " will still be in the hands of Mr. W.
Shackleton, who proposes to aid the observer by

additional diagrams.

Mr. R. Lloyd Praeger promises a set of articles on

Familiar British Wild Flowers and their Allies. The

e.xtent, distribution, and character of various orders of

plants will be dealt with, particular reference being

made to the British species and the points of interest

connected with them.

Mr. F. Enock regrets that he has been unable

so far to keep his promise of contributing some

life-histories of the insects, to the study of which he

has devoted so many years, but he will redeem his

promise during 1903.

Amongst other contributors we may mention that

Mr. J. Collier proposes to write some papers on

Sociologj' ; Mr. Pycraft will supply some illus-

trated papers on " Wind Bags and their Uses in

various Birds and Fishes"; Mr. D. Wilson-Barker

hopes to tell us more about the Clouds, which he

photographs so cleverly ; and Mons. E.. M. Antoniadi

has prepared some very fully illustrated articles on

S. Sophia, the structure and history of which he

has studied very closely.

Mr. M. I. Cross will continue to conduct the

Microscopical section, to which it is proposed to allot

more space in order to provide for a programme

which is fully set out under the Microscopical heading

in this issue. In this connection Mr. Cross has already

secured the assistance of such well-known workers as

Messrs. Noad Clark, Earland, Rousselet, Sanger

Shepherd, Soar, and Weschc.

A new Chess Solution Tourney for possession of

the Knowledge Challenge Trophy will begin with

the problems in the January number.
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THE ERUPTIONS IN THE WEST INDIES.

Soon aftor tlic firoat fiuptinus in Marlinii|iio and St.

N'incent last May, the tfoyal Sncii'ly a]i[)iiin1i'(l a small

coniiuission to invosti<jalt" the jilicnonicua in both island?,

and osfiocially in St. Vincent. Dr. Tempest Anderson, a
well-known student and pliotograplier of vol<'anoes, and
Dr. .lohu S. Flett, of H.M. Geological Sui-vey, left London
on May 2stli. Tiiey arrived at Barbadoes on June 8th,

and proceeded to St. Vincent, where nearly four weeks
were spent, chiefly at Chateaubelair and Georgetown, in

the neighbourhood of the Soufriere. Early in July they
visited Martinique for six days, in order to ascertain the

general points of difference and similarity between the

outbursts of Mont Peli'e and the Soufriere, the phenomena
in this island being studied by a French scientific com-
mission under the directorship of Prof. Lacroix. On their

return to England, a preliminary report was presented to

the Eoy.vl ISociety, and was printed immediately in the

Proceedings. As some time must elapse before the
complete report is published, we give here a summary of

this first paper, quoting fully from the interesting account
of the eruption of Mont Peli'e observed by the commission
on July 9th,

THE ERUPTION OF THE SOUFRIERE.
The island of St. Vincent is oval in form, eighteen

miles long from north to south, and eleven miles broad.

The main a.xis is occupied by a mountain chain, composed
entirely of volcanic materials. In the south of the island

volcanic action has long been extinct or dormant, but at

the north end stands the still active Soufriere. This
mountain, which is 4048 feet in height, is a simple cone
like Vesuvius, without lateral or parasitic craters. Its

principal crater, known as the Old Crater, is nearly

circular in form. Before the recent eruption, it was nine-

tenths of a mile across, and about 1100 feet deep. The
bottom was occupied by a lake, said to have been over
500 feet deep. On its north-east lip is a smaller crater,

one-third of a mile in diameter, called the New Crater, as

it is supj)03ed to have originated in the eruption of 1812.

The remains of a gigantic crater-ring surround the cone on
its north side, bearing the same relation to it that Somma
does to Vesuvius. Deep valleys have been cut in the
slopes of the mountain, especially on its southern side

;

and it is in these that the greater part of the ejecta of the

recent eruption have collected.

For more than a year before the eruption took place,

tbe north part of the island was subject to frequent
violent earthquakes ; and, as far back as February, 1901,

two settlements of the aboriginal Caribs were considering
the advisability of deserting the district. About midday
on Tuesday, May 6th, the first signs of the eruption were
observed by residents on the south-west side of the
mountain. At 2.40 p.m. there was a considerable
explosion, and a large cloud of steam ascended into the air;

at 5 p.m. a red glare was visible in the steam cloud on
the summit ; at midnight there was a great outburst, and
red flames wore noticed on the lip of the crater. Next
morning gigantic mushroom-shaped clouds could be seen
rising to a height of about 30,000 feet, and drifting away
before the north-east trade wind. As the day advanced,
the eruption increased in violence ; by 10.30 a.m. enormous
clouds of vapour were being emitted with loud noises,

accompanied by much lightning ; and it could be seen
that the materials were mostly, if not entirely, discharged
from the Old Crater. The activity now became con-
tinuous ; huge columns of vapour ascended with frequent
violent outbursts, projecting showers of stones and mud
on all sides, and chiefly to the east. At midday on

Wednesday, May 7th, the slopes of the mountain were

still green, thougli a layer of fine ash, just sufficient to

give tile leaves a greyish colour, had fallen over the lower

ground.

About this time, it was noticed that st«am was rising

from some of tlie valleys on the south side of the moun-
tain. Soon afterwar.ls, the Rivers Wallibu and Rabaca
on this side were seen rushing down in raging floods of

boiling water, and the whole mountain became euveloped

Fig. 1.—Mount IVk'c from tlio West.

in a dense cloud of vapour. The crater lake seems to

have been driven over the lower or south lip of the crater,

and to have poured down the valleys as a tremendous rush

of boiling water to the sea.

It is remarkable that, so far, the inhalntants on the east

or windward side of the island had not realised their

danger. As is frequently the case, the summit on this

side was wrapped in cloud. Even on the morning of

Wednesday, May 7th, sugar-making was in progress on

several estates. By midday, however, all were convinced

that the noises heard continuously were not due to a

thunderstorm ; but it was then too late to escape, for the

Rabaca and other streams, usually dry except after rains,

were running boiling hot and could not be crossed. It

was here that the loss of life was greatest, the number of

persons killed being estimated roughly at 2000, including

about a dozen white men. On the opposite side of

the island the loss was comparatively small. The view

of the crater was clear, and the early outbursts of

steam gave ample warning to the inhabitants, who fled

along the coast to Chateaubelair and other places to the

south.

To return to the eruption. At 1 p.m. the roaring of

the volcano was tremendous, and after the large outbursts,

which took place every few minutes, volumes of vapour
might be seen covering the whole area. So far, there was
nothing abnormal in the eruption, and the destruction was
confined to the higher parts of the mountain.
But about 2 p.m. there was a rumbling and a large black

outburst with showers of stones. A strange black cloud,

laden with hot dust, swept down the mountain side burying
the country in hot sand, suffocating and burning all living

creatures in its path, and devouring the rich vegetation of

the hill with one burning blast. On the west coast most
of the inhabitants had escaped, but a few persons over-

taken by the black cloud were killed or badly burned.
One boat was near Richmond at the time the blast swept
down. The heat is described as fearful. Hot sand rained

into the boat, and the sea around w^s hissing with it«
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heat. Tile darkness was so intense that a man conkl not
see his hauJ. On the east side of the ishiud, a dense black
cloud was seen rolling with terrific velocity down the
mountain side towards the sea, flashing' with lightning,

es])eeially when it touched the water. All survivors state

that it was intensely hot, and was char'^'cd with hot dust,

and that it smelt strongly of sulphur. They felt as if some-
thing was compressing their throats, and as if there was
no air to breathe. The suffocating cloud only lasted a few
minutes, and by the time it had reached the coast, the sand
it contained, though still at a very high temjierature, did
not set fire to wood or burn the clothes of those exposed
to it. At some distance from the cloud, one observer

describes it as "a solid black wall of smoke falling into tiie

sea about two or three miles from us. It looked like a
promontory of solid land, but it rolled and tumbled and
sjiread itself out until in a little time it extended quite

eight miles over the sea to the west. . . . Then began the
most gorgeous display of lightning one could conceive. . . .

It was still bright daylight, but the whole atmosphere
quivered and thundcifd with wavy lines intersecting one
another like trellis-work. We were encircled in a ring

of fiery bayonets."

Intense darkness now covered the whole north end of

St. Vincent. The roaring of the mountain was terrible.

Fine ash and sand rained down over the whole country,
with occasional showers of large stones, some of which
were so hot as to set fire to the " trash " rocfs of huts seven

miles from the crater. The eruption in all probability had
reassumed the ordinary phase, the showers of ash and
stones being produced by violent upward explosions of

steam. Shortly before nightfall, the darkness lessened

slightly, but the rain of dust and the noises lasted till

early on the following morning (May 8th). When day
broke, the volcano was still emitting puffs of slaty

coloured steam, and showers of fine dust were falling on
tlie west side of the mountain. A week later (May 15th)

the volcanic activity had apparently subsided, and the

mountain remained clear and unclouded until Sunday,
May 18tli, when a second but much slighter eruption took
place. The noises were as loud as before, the lightning

very vivid, and ashes and sand fell freely for some hours.

Clouds of steam were sometimes seen gently rising for

some days later, but no further outburst took place until

after the publication of the preliminary report.

When the English commission arrived in St. Vincent on
June lUth, the Soufricre and the surrounding country to

the south of Chateaubelair and Georgetown were still

covered with a layer of ashes, mostly in the form of a fine

sand, mixed with spongy bombs and many ejected blocks

composed of fragments of the old rocks of the hill. The
latter consist of weathertxl andesites and andesitic tuffs,

such as can be seen in the walls of the crater, some of them
being more than five feet across. The larger bombs are

often black, highly lustrous, and glassy when broken
across. Some seen at Wallibu (four miles from the crater)

were three feet in diameter. The sand when dry is

yellowish-grey in colour, but when wet becomes almost
black. It contains plagioclase felspar, hypersthene, augite,

magnetite, and fragments of glass, and represents a fairly

well crystallised hypersthene-andesite magma which has

been blown to powder by the expansion of occluded steam.

Owing to the heavy tropical rains and the quick growth
of vegetation, this deposit was rapidly disappearing.

Around Oroorgetown it was from one to three feet deep, in

the Carib countrj' four feet, while on the higher slopes of

the hill, where it had gathered in hollows, it reached a
depth of from five to over twelve feet. Those who visited

the country shortly after the first eruption described it as

having a smooth, gently rolling surface like that of blown

sand. It is clear that immense quantities of hot sand
had rushed down the hill into the valleys in an avahuu-he
which carried with it a terrific blast, and piled the ashes
deep in the sheltered ravines, at the same time sweeping
everything oft' the exposed ridges which lay between.

For some days after the eruiitioii the stream valleys
were level with their banks. But on May 2i and 25,
nearly eight inches of rain fell, and with this the rainy
season set in. After a heavy tropical shower, valleys that
were usually dry were occujned by a thundering torrent
several feet deep and twenty or thirty feet acrross, that
soon swept away the ashes from the upper part of their
channels. But in the lower valleys, which had been filled

with thick masses of hot sand, the process of removal was
still (in the middle of June) going on, and a curious
spectacle was seen after every shower. The streams, by
undermining their banks, caused land-slides, and when the
hot ash fell into the water, columns of muddy water rose

to about 200 feet, carrying with them pieces of stone,

while inimen.se clouds of steam shot up to heights of 700
or 800 feet, expanding iu great globular masses, exactly

like the steam explosions from a crater.

When Drs. Anderson and Flett ascended the Soufricre,

there was the clearest evidence of the passage of a hot
blast laden with sand. Near the shore on the east side,

the sugar-cane fields were covered with three or four feet

of sand and scoriii ; the trees were all bare, a few branches
broken, but no trees were uprooted or thrown down. At

Fio. 2.—Mont Pelee in eruption on July S>th. (The lighter-

coloured cloud on the right is the trude-wiml cloud which so

constanlly covered the summit.)

this ])oint the velocity of the blast was not above that of

an ordinary gale, and the dust it carried, though hot, was

not incandescent. At an elevation of about 10 lO feet, a

further stage of devastation was encountered ; the fields

were swept bare, the trees broken down, though not as a

rule uprooted, their smaller Inunches swept away ; a deep

layer of black sand covered the crops of sugar-cane. The

blast was here a violent gale.

A little further up, enormous trees, even great cotton-

trees ten feet or more in diameter, had been uprooted and

cast down, the fallen trunks in every case pointing directly

away from the crater. The smaller trees were sometimes

swept away like straws. Most were charred, some deeply,

but, as the wood was green, only the smaller branches had

been consumed. The effect was like that produced by a

violent hurricane, only more complete, for many of these

trees had withstood the hurricane that ruined St. Vincent

in 1898. Still higher, or above the 1500 feet level, there
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wiis little left of the rich tropical vegetation wliich luul

covered the mountain. Bhurkoned remains of trec-lruuks

were to l)e seen, overturned or broken off near the ground,
and buried in dark sand. The highest parts of the

luoiiutain formed as bare and desolate a scene as could be
imagined. The ash was five to twelve feet deep, and
contained a good deal of burnt timber, utterly blackened

and converted into charcoal. Everytliing wa.s mown down,
and there was nothing to show what was the velocity of

the blast when it left the crater.

The structural modifications produced upon the mountain
were very slight. No fissures were seen, no parasitic'

craters or cones were formed, and there were no lava

streams. Even the craters at the summit retain essentially

their old configuration, though the outline of the lip of

the crater, as seen from Chateaubelair, has undergone
some slight changes, and the southern edge is somewhat
lower than it was before the eruption. The inner slopes

of tlie crater, formerly richly wooded, are now naked
slopes or precijiices of rock. The depth of the crater was
generally estimated at about 1000 feet. The bottom,
when seen by the English commission, was nearly flat or

slightly cup-shaped, and contained three small lakes «i

greenish and turbid water.

THE ERUPTION OF MONT PELEE.
Mont Peh'e, like the Soufriere, is a simple cone with a

large vent near the summit and without parasitic craters.

Both mountains are deeply scored with ravines, and on
the south-west side of each there is a broad valley,

occupied by !St. Pierre in the one case, and by the valley

of the VVallibu in the other. It is in these valleys that

the destruction was most pronounced. In St. Vincent,
however, the mass of material ejected and the area de-

vastated were much greater than in Martinique. The loss

of life was less, but this was due to the absence of a
populous city at the foot of the Soufriere. On Mont
Pelce the blast that overwhelmed St. Pierre was emitted
from a triangular fissure, which opened on the south side

of the mountain ; on the Soufriere the blast came from
the old orifices. The eruption in Martinique began with
the flow of mud lavas, while none such were seen in

St. Vincent. These are the chief points of difference

between the two eruptions. On the other hand, both were
characterised by a complete absence of lava streams and
by the paroxysmal discharge of hot sand and dust mingled
with a small proportion of bombs and ejected blocks. j?he

hot blast which swept down on St. Pierre was similar to

that emitted by the Soufriere.

During their brief sojourn at Martinique, Messrs.
Anderson and Flett were fortunate in witnessing one of

the more important eruptions of Mont Pelce, evidently a
counterpart of that which destroyed St. Pierre. On
July 9th, they were near St. Pierre in a small sloop that
had been hired for their expeditions. During the morning
the volcano was beautifully clear, and only occasional jets

of steam rose from the triangular fissure that served as a
crater. A little after midday, however, large steam
clouds began to rise, one every ten or twenty minutes, with
a low rumble. While they rose they expanded, and, as
they consisted of many globular rolling masses, they Ixire

some resemblance to a gigantic cauliflower. About half

past six it was obvious that the activity of the mountain
was increasing. The cauliflower clouds vtere no longer
detached, but arose in such rapid succession that they
were blended in a continuous emission. A thick cloud of

steam streamed away before the wind, so laden with dust
that all the leeward side of the hill and the sea for six

miles from the shore were covered with a dense pall of

fine falling ash.

" Just before darkness closed in, we noticed a cloud
which hiid in it something peculiar hanging over the lip

of the fissure. At first glance it resembled the globular

cauliflower masses of steam. It was, however, darker in

colour, and did not ascend in the air or float away, but
retained its shape, and slowly got larger and larger.

After observing it for a short time, we concluded that it

was travelling straight down the hill towards us, expanding
somewhat as it came, but not rising in the air, only rolling

over the surface of the ground. ... It seemed to take

some time to reach the sea (several minutes at least), and
as it rolled over the bay we could see that through it

there played innumerable lightnings. ... As the dark-
ness deepened, a dull red reflection was seen in the trade-

wind cloud which covered the mountain summit. This
became brighter and brighter. . . . Suddenly the whole
cloud was brightly illuminated. ... In an incredilily

short space of time a red-hot avalanche swept down to the
sea. ... It was dull red, with a billowy surface, re-

minding one of a snow avalanche. In it there were larger

stones which stood out as streaks of bright red, tuml)ling

down and emitting showers of sparks. In a few minutes
it was over. . . . Undoubtedly the velocity was terrific.

Had any buildings stood in its path they would have been
utterly wiped out, and no living creature could have
survived that blast.

' Hardly had its red light faded when a rounded black

cloud began to shape itself against the star-lit sky,

exactly where the avalanche had been. The pale moon-
light shining on it showed us that it was globular, with a
bulging surface, covered with rounded protuberant masses,

which swelled and multiplied with a terrible energy. It

rushed forward over the waters, directly towards us,

boiling, and changing its form every instant. In its face

there sparkled innumerable lightnings. . . . The cloud

itself was black as night, dense and solid, and the flickering

lightnings gave it an indescribably venomous appearance.

It moved with great velocity, and as it approached it got

larger and larger, but it retained its rounded form. It

did not spread out laterally, neither did it rise into the air,

but swept on over the sea in surging globular masses,

coruscating with lightnings. When about a mile from us

it was perceptibly slowing down. We then estimated that

it was two miles broad, and about one mile high. It began
to change its form ; fresh protuberances ceased to shoot

out or grew but slowly. They were less globular, and the

face of the cloud more nearly resembled a black curtain

draped in folds. At the same time it became paler and
more grey in colour, and for a time the surface shimmered
in the moonlight like a piece of silk. The particles of

ash were now settling down, and the white steam, fi-eed

from entangled dust, was beginning to rise into the air.

" The cloud still travelled forward, but now was mostly

steam, and rose from the surface of the sea, passing over

our heads in a great tongue-shaped mass, which in a few-

minutes was directly above us. Then stones, some as

large as a chestnut, began to fall on the boat. They
were followed by small pellets, which rattled on the deck

like a shower of peas. In a minute or two fine grey ash,

moist and clinging together in small globules, poured
down upon us. After that for some time there was a rain

of dry grey ashes. But the cloud had lost most of its solid

matter, and as it shot forward over our heads it left us in

a stratum of clear pure air."

" The most peculiar feature of these eruptions," write

Drs. Anderson and Flett in concluding their report, "is the

avalanche of incandescent sand and tlie great black cloud

which accompanies it. The preliminary stages of the erup-

tion, which may occupy a tew days or only a few hours,

consist of outbursts of steam, fine dust, and stones, and
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the discharge of the crater lakes as torrents of water or of
mud. In theni there is nothing unusual, but as soon as
the throat of the crater is thorou^'hly cleared, and the
climax of the eruption is reached, a mass of incandescent
lava rises and wells over the lij) of tlie crater in the form
of an avalanche of red-hot dust. It is a lava blown to
pieces bv the expansion of the gases it contains. It rushes
down the slopes of the liill, earrjingwith it a territic blast,

which mows down everything in its path. The mixture
of dust and gas liehaves in many ways like a fluid. The
exact chemical composition of these gases remains unsettled.

They apparently consist principally of steam and sulphurous
acid. There are many reasons which render it unlikely
that they contain much oxygen, and they do not support
respiration." ('. D.

«

THE DOMESTIC ECONOMY OF THE THRUSH.
As observed by A. H. Machell Cox, m.a.

From an aesthetic point of view never did summer-house
less justify its existence than the hideous reclungular
erection which disfigured one of the most perfect gardens
I have known. There was not the faintest pretence of

rusticity about it. Painted a vivid green outside and in,

it boasted a door at one end. and glass windows, incapable

of lieing opened on each remaining side. It was a matter for

congratulation that such an atx)minable structure should
be partially concealed behind a screen of laurel, box, and
holly, and especially so to my mind, because by this

means it became converted into a unique post of obser-

vation for the prowling naturalist. I soon learnt to

appreciate it as such, and one Easter, when I was more or

less incapacitated from strenuous exertion by the effects of

influenza, I availed myself to the full of the opportunities

it offered.

A tour of inspection on April 11th had revealed the

nests of two thrushes in the laurels on different sides of

the summer-house. One of these was not conveniently

placed for close observation, and I will dismiss it with
only a word or two. It had been built in evident haste, and
the mner lining of mud and decayed wood was so incomplete

that the light showed through the whole of one side of the

nest. Nevertheless it contained one egg, on which, as is

frequently the case, the mother thrush was already sitting

for a great part of the day. A second egg and a third were
laid on succeeding days, and the clutch appeared to be

complete, for these were sat on closely for three full days
before a fourth egg made its appearance in the nest.

Three of these eggs were eventually hatched on April 28th,

and the last on April 29th.

A peculiarity of the second nest was that it had been

built upon the remains of a bullfinch's nest of the previous

year. There were four eggs which were hatched on April

14th. From that date onwards I spent many an hour in

studying the principles of the domestic economy of these

birds. It might be supposed by anyone who had not made
the experiment that the familiar ^^^ng-thrush would be a

good subject for this purjiose, but, as a matter of fact,

it is most fidgetty and impatient under scrutiny.
" Being observed," wrote Mrs. Browning, " when obser-

vation is not sympathy, is just being tortured"; if this i.s

true of miUikind, it may l)e accepted as an axiom where
birds are concerned, and for the most part even without the

qiKilifving clause, for, through no fault of their own, they

are slow to recognise sympathy. This, however, was an
excellent opportunity for seeing without being seen. The
nest was four feet from the ground, and about the same
distance from the window; so nothing more was needed

than to paste the latter u]> from inside, leaving a small

spvhole. A chair was placed in position, with a small

table beside it, on which were my watch and paper .and

pencil ready for use. By ajiproaching cautiously from the
opposite side I generally managed to sliji in unobserved,
and, once there, I could sit taking copious rough notes with
the happy consciousness that, in spite of my startling
proximity to the nest, I could breathe freely and make
small movenients with no fear of betraying my presence.

1 even removed some of the laurel leaves outside, so that
nothing should imiiede my view.

After a little while I found to my satisfaction that I was
able, as a rule, to distinguish the female from the male by
the slightly different markings of the throat. The male
seemed to do a good share of the work, and he found very
little time for singing. Food was brought on an average
once every five minutes throughout the day, and there

was no perceptible increase in the number of visits as the

young became bigger.

By very close watching I satisfied myself as to the
impartial distribution of food, though at first sight it

seemed to be left entirely to chance. As often as not, at

a single insit one himgry mouth was fed, and one
only, and not unfrequently this privileged nestling

would receive the next supply too. But the pangs of

hunger soon restored the balance ; those in most immediate
need struggled hardest to assert themselves and to gain

the best position. All mouths would be opened to the

widest extent on the next visit, and the parent without
hesitation would deposit the food in that which was
readiest to receive it. Thi.s primitive arrangement em-
bodies a principle which alone makes it possible to provide

for a ravenous brood with the necessary impartiality.

Watch an old starling surrounded in the field by her
inexperienced family, who press eagerly round her as she

probes deep into the ground for a hidden grub ; this

obtained, she does not dispose of it at once, but dashes off

at top speed followed by her youngsters ; after running a

score of yards she stops abruptly and gives the prize with-

out more ado to the nearest pursuer. The hungriest will

have exerted himself the most. It is the same principle,

and a fair one on the whole, but what happens when one
is more weakly than his fellows from the first ?

I must now allude to the sanitary arrangements for

keeping the nest clean and habitable. Here I confess my
preconceived ideas received a shock, and I made, what waa
to me, quite a new discovery. For instead of the droppings

being removed to a distance by the parents, the latter

invariably swallowed them. At first I thought I must be

mistaken, but I witnessed it again and again, and the mode
of procedure was always the same. A mouth was filled,

a parent remained waiting a moment or two on the edge
of the nest, and then, after a slight change of position of

the young bird, reached down to receive the excrement,

which was deliberately eaten. Any delay brought an
impatient peck as a reminder ; only once did this fail to

have the desired effect, and then the omission was
rectified on the next visit . These methods were scrupulously

adopted by both parents from the very first, and were only

discontinued when the young birds left the nest. I may
add that a year later I watched just the same proceeding

at a mistle-thrush's nest, and I can well believe that the

blackbird has a similar habit. Now, at the time I searched

all the books available, but failed to find any mention at

all of this remarkable fact. Quite recently, however,

when looking through some back numbers of Knowledoe,
I came across a most interesting paragraph on the subject

by Mr. H. F. Witherby.* His remarks were based on
observations of a mistle-thrush's nest. From this para-

graph T learnt that the habit of swallowing the droppings

• See Knowledge, 1898, p. 66.
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h;ul liocu dosiTibcd by Mr. Weir in Mac^'illivray's Britisli

J?inls. Mr. Weir observed that in the blackbird, soiif;-

lliriish and iiiistle-tiiriisli tht! old birds swallowed nearly

all tliedro|>|iiii^'s of their brood. Moreover, he shot one of

the birds iind found the dropjiiu<,'s in its stoniacli. Since
.Mr. Witherbv's obsorvatiou.s the habit has been recorded

in these colunuis by the Rev. A. East* and by Mr. Georj^'e

J. Chapman.t I was particularly interested to find that

Mr. Witherby suggested that the parent birds at the rime
when they are busily occupied with the needs of their

hnn;,'ry offsprini,', probably derive a considerable amount
of their own nourishment in this curious manner. This
is just the conclusion I arrived at iudepeudently, and I

was stren;j;thencd in this belief when I observed that the
thrushes allowed no time for their own feeding. A great
many of the worms that they brought were found close at

hand on the lawn in front of me, and from my window I

could sometimes keep one bird under perpetual observation
for half-an-hour at a time. As a matter of fact I often
had my eye at the spy-hole even while 1 was writing a
note for fear of missing something of interest.

So far from my occupation becoming monotonous, I

only regretted that my health did not allow me to remain
at my post for the entire day, from before dawn until after
dusk ; the question of meals vrould have presented little

dilliculty. As it was, I was continually witnessing pretty
incidents which would have delighted the heart of "a

photogra{)her. One of the most eventful half-hours which
I spent thus was when the young birds were only two
days old. I had got to my place of concealment un-
observed soon after noon, when a slight shower came on.
The female at once appeared with food, of which she
hastily disposed, and then settled down on her brood.
Five minutes later the male arrived on the scene with a
large supply of worms, cut up in lengths ready for
distribution. It was charming to see the perfect under-
standing between the two parents ; the mother, without
otherwise moving, threw back her head and received a
share of the worms ; she then took her stand oa the
opposite side of the nest, and the pair dipping down fed
the hungry mouths stretched up between them ; finally the
cleansing process was carried out as I have described, and
the female resumed her seat. Very soon her mate was
back, but this time having a smaller supply he refused
point blank to allow her a portion. She reached up and
tried to snatch it out of his bill, but he only iield it higher,
so there was nothing for it but to stand aside, and allow
the proud father to do the work which he so evidently
enjoyed. On his next return, however, five minutes later,

he made amends by giving his partner a whole worm for
her own consumption. About this time the shower of rain
became a regular downpour, and the careful mother stood
up, and shaking herself, spread out her wings until they
overlapped the edges of the nest, thus completely sheltering
her chicks beneath. Her back was dripping but she
seemed well content ; in fact it was as good as the bath
that thrushes always delight in, and she passed the time
preening her feathers with great care. Once or twice, in
the most natural manner possible, she obtained a drink by
catching a raindrop that trickled off a broad leaf beside
her. Meanwhile the male was not idle, for when the
shower suddenly stopped, he reappeared at once with a
good supply of food, and his partner was enabled to fly

off and stretch her limbs.

Later in the day I waited a whole houi- and a half
without once seeing the young fed, and had a practical
illustration of the thrush's nervous temperament. The
fact was that I had been ill-advised enough to put down

* Knowledge, 1899, p. 133. + Knowledge, 1899, p. 178.

within ten yards of the nest some crumbs, which both
jiarents inspected from time to time with every sign of

uneasiness. At the end of a long hour the male indeed

summoned up courage to bring a specially large worm, but
having got as far as the nest there he stood leaning over it,

perfectly motionless, in a listening attitude for a good five

minutes, and then, (jnitc regardless of the four gaping
mouths which he had been tantalising, he deliberately

settled himselfdown on the brood. There he remainederjually
motionless for the next half-hour, at the end of which
I left him with a long worm still dangling from his bill. I

saw just the same thing hai>pen on another occasion.

I should mention that about this time a pair of robins

were intent on building inside the summer-house. When
the young thrushes were nearly fledged one of the robins

paid them a visit. They heard him coming, mounting up
from branch to branch by the route their parents were
wont to take. I saw them stretch their necks as usual in

eager anticipation. It was comical to witness their dismay
at the unexpected apparition ; they subsided deeji into

the nest, while their visitor surveyed them with lordly

disdain and then passed on.

The time was drawing near for the fiual departure of

the brood. I was most anxious not to miss this, and was
fortunate in actually seeing the first chick leave the nest.

On the thirteenth day of their existence I was on the

scene early in the morning, and saw at once that they
were getting very restless and anxious to explore the wide
world. Had I walked openly to the nest, there is little

doubt that they would have flown off one and all without
hesitation, as I had caused another brood to do a few days
before. In this case, however, I had the much greater

satisfaction of watching them screw up their courage to

take the fateful step of their own accord. One youngster
was disposed to take the lead from the first. In the

absence of his parents he wriggled himself up till he so

stood on the edge of the nest ; after some hesitation he
began to walk gingerly round it ; he had almost got back
into his place, however, when a parent appeared, and the

latter found nothing amiss. Hardly had she flown off,

when the adventurer was on his feet again, and stepped
boldly off on to a branch. Finding all well so far, he
fluttered down to a lower one, and there he stuck. Then,
for the first time, I heard the familiar chirp of a young
thrush, and I am inclined to believe that they never utter

it until they are at large. His example was soon followed

by two of the others, and this was the scene which met
the eyes of their mother on her next visit. She seemed
decidedly disturbed by the turn things had taken, and as

an object lesson bestowed all the food she had brought on
the exemplary chick that had stayed at home. A few
minutes later he too had fluttered out. This led up to

one of the most delightful tableaux of the whole series.

All four young birds were now scattered, but still quite

close, and holding on for dear life. The mother bird, as

a last resort, took her stand at the nest with a tempting
worm in her bill ; there she waited, looking from one to

another as if to invite them to return, and every now and
then, by way of making her meaning plainer, she bent
down into the nest and went through all the actions of

feeding an imaginary brood. Several of her family
appeared to think twice about going back, but knew not
how to manage the return journey, till at last in disgust
she ostentatiously swallowed the tit-bit herself. Presently,

however, compelled to realize that a new phase of their

home life had been entered upon, she bravely settled down
with her constant mate to do all that was needful for their

welfare, apparently recognising in her maternal wisdom
the added perils that would beset her offspring in the next
stage of their development.
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TWO FASHIONABLE FURS.
By K. Lydekker.

To tliose whci are of au observant nature, an afteruoon's

stroll through auj of the fashionable Lomlou thorougli-

fares during last winter must have revealed the prevalence
of a fashion for the Iwautiful furs resjieetivelv known
as blue fox and white fox. The skins of these animals
are either worn entire as l>oas (or " necklets "' as, I am
told, fliey are called by ladies) or made up as muffs,

and in either condition are strikingly beautiful. Blue fox

has long Iwen highly esteemed as a fur, skins selling for

K'tween ten and fourteen guimas a dozen years ago. White
fox, on the other hand, lia.s only during the last yeiir or

two been aj)j)reeiated as its beauty deserves, the jiriee per
skin having risen from between half-a-crown and si.xteen

shillings and sixpence in 1891, to three or four guineas, or

even more, during last season.

But it is not the price of either the blue or the white
skins that I propose to discuss in detail in the present
communication. The circumstance to which I desire to

draw the attention of my readers is the ver}' remarkable
one that both the l>lue and the white skins belong to one
and the same kind of animal. At first sight tins may
seem, i)erhaps, a fact of no special interest or importance.

For, as we all know, certain species of mammals, such as

the stoat or ermine, the mountain hare, and the lemming,
are normally white in certain parts of their habitats in

winter and dark-coloured in summer. Again, many mam-
mals vary to a great extent in coloration according to

locality, so that there may be dark-coloured and light-

coloured i-aces inhabiting different localities. The most
striking instance of this is, porbajis, the bighorn wild

sheep of North America, which in the Rocky Mountains is a
" khaki "-coloured animal with a white rump, but in Alaska
is nearly pure white all over throughout the year. It is

true, indeed, that American naturalists prefer to regard the

bighorns of the Kocky Mountains and Alaska as distinct

species rather than local luces of a single variable animal,

but for our present purpose such slight differences of

opinion do not really aft'ect the case one way or the other.

That white fox and blue fox are not (as was once sup-

posed to be the case by some naturalists) the summer and
winter coats of the same individual animals, will be

apparent by a comparison of furs of the two descriptions

worn by our lady friends. The two descriptions have the

same long thick hair, with a woolly under-fur at the base,

and both are evidently the winter coats of the animals to

which they respectively belong. Indeed, with all long-

haired animals of the northern parts of the Old World,
with the possible exception of the ]>olar bear, it is the

winter coat that is alone valued by the furrier.

That blue and white foxes are not local races of the

same species (or distinct species) is evident from the fact

that in certain districts both occur together, although in

other localities (as in Iceland, where all the foxes are blue)

only one form may be met with. It may indeed be pos-

sible that in some cases blue and white cubs may occur in

the same litter. For instance. Professor A. .S. Packard,

in his work entitled " The Labrador Coast," states he was
informed by a native " that the white and blue fox littered

together, but that the blue variety was very rare." More
precise information is required on the subject of their

interbreeding, but it is quite certain that the blue fox and
white fox of the fvirrier are only individual phases of the

winter coat of a single sjiecies.

Although it is stated that white specimens are occasion-

ally met with in summer, the white pha-^e of the Arctic

fox (as the species is called) normally assumes a dark

coat in summer. The difference between the winter and

summer coats of this phase of the species is well illustrated

1\V a couple of specimens which have recently been i)laced in
the central hall of theNat\iral History Museiun, in Cromwell
Koad. In the case containing the mountain hare, ptar-
migan, stoat, and weasel in their white winter dress has
been introduced a specimen of the Arctic fox in the same
coat. To contrast with this, t\n^ case in which are placed
the above-mentioned animals in their dark summer costume
now contains a specimen of the white ]ihase of the Arctic
fox in its dark summer livery. In this specimen, the hair

(which is much shorter than that of the example in the
winter dress) is dirty rufous brown shading into grey on
the upper-parts and outer sides of the limbs, and yellowish

white below. In other examples the colour of the u)>iier-

]>arts is greyer, while the inider-parts are nearly pure white.

Sometimes also, it is stated, that grey hairs are largely

mingled with the white winter coat, so that we have a
more or less marked tendency towards the blue phase
even in the winter dress. In all cases the mu/zle remains
black, and it is stated that there nia_y occasionally be a
black tail-tip in the white winter dress. I have not seen

a "blue fox" in the summer dress, but am told that the

coat is then chiefly distinguished from its winter condition

Ijy its much shorter hairs and less pure blue colour.

Of course the so-called " blue" of even the best skins is

a slaty or French grey rather than a blue in the jiroper

sense of the word, and in maiiy instances it tends to drab
or dark purplish. Alaskan blue fox, which is somewhat
coarse in the texture of the fur, has this puridish or sooty

tinge most strongly developed, and at one time was
specially valued on this accoimt, although during the past

season the lighter varieties seem to have been chiefly in

demand.
Lest any of my readers should be led to think that the

Arctic fox is a near relative of the common species, it may
be well to state, before going any further, that it is a very

distinct animal indeed. Apart from its coloration, the

most distinctive features of the species are to be found in

its short rounded ears (which look almost as though they

had been cropped), moderately sharp muzzle, very long

and bushy tail, and the coat of hair on the soles of the

feet. I'rom this latter feature the species takes its name
of Catiis (or Vulpes) hi(joptig ; the object of the hairy soles

being, of course, to afford the animal a firm foothold on
the ice and frozen snow on which it passes so much of its

time. In having two distinct colour-phases at all seasons

of the year, which may be met with in the same locality,

the Arctic fox stands practically unique among mammals.
It is true that, according to Mr. F. C. Selous, black-maued

and yellow-maned lions occasionally occur in the same
litter, while black leopards and black jaguars are found

now and then among litters of cubs of the ordinary

colour. But neither of these instances are exactly on all

fours with the case of the Arctic fox With regard to the

lion, it has now been ascertained that the black maned
and tawny-maned specimens belong, iu most cases at any

rate, to distinct local races; and, as Mr. Walter Rothschild

has recently pointed out, it is most probable that when
light and dark. maned cubs are met with in the same
litter it is due to crossing between two of these races.

Black or melanistic leopards and jaguars, on the other

hand, arc moi'e analagous to albinoes, and generally occur

in hot and damp climates. The black phise of the

common water-vole, found high up in many British valleys,

is an instance somewhat analogous to that of black

leopards, being apparently due to climatic conditions, and

therefore not strictly comparable with the case of the

Arctic fox.

Many invertebrate animals exhibit two or more distinct

phases,—generally differing to a certain extent from each
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oihiT ill flctiiils of form or structure -iiiul td siidi the

iiaino of iliiiioriiliir spccii-s is tochiiit-ally ii|ii)li<'d. Natu-
ralists have affroed in ilfsifjiiati' tin! Arctic fox l)y the same
title, altliiivij;b. were it not that it luifjht i)e tjikeii to

convey an alto^'cthcr ditfcront incanini:^, tlic (crin didiroic

woukl he more ap]ir<>j)riato, seeing' that the ditTcrence

between the two jdiases is solely one of colour, and has

nothinj; to do with shape or structure. Usintf, then, the

term diniorj>hism as indicative of the existence in one

animal i>f two distinct colour-phases totally unconnected

•witli either locality or season, the Arctic fox appears to be

the only mammal to which the dcsi^'natiou can be

properly applied.

The reason for this remarkable dimori>hisni iu the Arctic

fox is hard indeed to discover, and no satisfactory explana-

tion of the puzzle appears hitherto to have been ottered.

It is almost unnecessary to say that the reason why
Arctic and sub-Arctic animals turu white in winter is that

they mav be as inconspicuous as possible in their environ-

ment of snow and ice. And if blue foxes were met with

only in countries where snow lies but a short time in

winter, while white ones occurred solely in more northern

lauds, some clue to the puzzle might be forthcoming. But
as a matter of fact this is not the case.

The distribution of the Arctic fox is circumjjolar, ex-

tendiny; in the New World about as far south as latitude

50°, that is to say, nearly to the southern extremity of

Hudson Bay, and in the Old World to latitude 60°, or,

approximately, to the latitude of Christiania and the

Shetland Isles. Northwards the species extends at least

as far as Grinnel-land.

In Iceland all the Arctic foxes appear to belong to the

blue phase, and as that island is far to the south of many
portions of the habitat of the species, it might be thought
that this is the reason why the white phase is unre-

])reseuted there. But that island is far north of the line

where the mountain hare and the stoat begin to assume
a white winter livery ; and if it is essential for these species

that they should assimilate their colour to that of their

surroundings, why is it not equally so in the case of the

Arctic fox?
Again, although, as already mentioned, blue foxes are

rare ni Labrador, in Alaska they are comparatively common,
and the same is the case in Greenland, whence, according

to Mr.W. Poland, the Royal Greenland Company imported

1,451 to Copenhagen in 1891. And if it be essential for

animals to turu white in winter iu any country in the

world, it is surely Alaska. It is difiicult to ascertain the

jtroportion of blue to white foxes in either Alaska or the

Pribiloff Islands, but it is certain that in both localities the

two phases are found together, living apparently under
precisely the same physical conditions.

As regards the islands last named, Mr. Elliot, in his

work on the "Seal Islands of Alaska," writes that—"Blue
and white foxes are found on the Pribilott' Islands, and find

among the countless chinks and crevices in the basaltic

formation comfortable holes and caverns for their accommo-
dation and retreat, feeding upon sick and pup seals, as well

as water-fowl and eggs, during the smnmer and autumn,
and living through the winter on dead seals left on the

rookeries, and the carcases on the killing-grounds."

This account, then, fully establishes the fact that blue

and white foxes occur iu regions where, according to all

accepted rules, there ought to be none but white in-

dividuals, during the long and dreary winter. It gives,

however, no deiiuite clue to the reason for the strange

association.

There is, however, a descrij)liou of the habits of Arctic

foxes in Grinnel-land given by Colonel I'ielden iu his

" Voyage to the Polar Sea," which may possibly throw

some ligiit on the subject, although unfortunately it does

not t<'ll us whether blue as well as white foxes are found

in that region. After referring to the numbers of lem-

mings to l)c seen looking out from the mouths of their

holes, or feeding in thi' vicinity, the author i>rocccds as

follows :

—

" Wc noticed that numerous dead lemmings were

scattered around. In every case they had been killed in

the same manner ; the sharp canine teeth of the foxes had
])enetrated their brain. Presently we came ui>on two
ermines killed iu the same manner Then, to our

surprise, we discovered numerous deposits of dead lem-

mings ; in one hidden nook under a rock we pulled out a

heap of over fifty. We disturbed numerous ' caches ' of

twenty and thirty, and the earth was honey-combed with

holes, each of which contained several bodies of these little

animals, a small quantity of earth being placed over them.

In one hole we found the greater part of a hare hidden

away. The wings of young brent-geese were also lying

about; and as these birds were at this time just hatching,

it showed that they must be the results of successful forays

of prior seasons, and that consequently the foxes occupy

the same abodes from year to year. I had long wondered
how the Arctic fox exists in winter."

Now it will be evident that in this instance the foxes

killed the prey stored up for winter use while they were

in the dark summer coat. And since in winter, when the

birds have left and the lemmings have retired t<i the depths

of their burrows, they have no game to capture and no

enemies to fear save polar bears (which would not be likely

to do them much harm), it would appear to be a matter of no
consequence whether their coats be dark or light. Conse-

quently, it seems a possible explanation of the phenomenon
under consideration that the blue phase of the Arctic fox

indicates a reversion to the ancestral coloration of the

species, due to the fact that no advantage is to be gained

by the assumption of a white livery. Such reversion might
well take place only in certain individuals of a species, and
would probably tend to become more or less completely

hereditary. Before such an explanation can, however, be

even tentatively accepted, it is necessary to ascertain

whether the blue Arctic foxes of Iceland are in the habit of

making winter stores of jirovisions. If they are not, but

hunt iheir prey in winter, the theory will not hold good.

As regards animals which hunt their prey in winter, or

are themselves hunted, it would seem essential that they

should be white even in the highest latitudes, where the

long polar night lasts half the year. For in the bright

starlight—to say nothing of moonlight—they would, if

dark-coloured, be almost as conspicuous on the snow as

iu daylight.

As regards the number of Arctic fox-skins which find

their way into the market, Mr. Poland, writing ten years

ago, states that from 25,000 to 60,000 of the white phase

were then annually imported from Siberia, the greater

number coming to Lei]>sic. The fur of these is i_)f a rather

coarse quality, quite different to that of the tine-haired

Greenland skins. In 1891 about 9000 white skins were
imported by the Hudson Bay and Alaska Companies, and
nearly lOOO by the Eoyal Greenland Company. Of blue

skins about 2000 were annually imported into London by
the Alaska Company, and some 500 to Copenhagen by the

Greenland Company, although in 1S91 the number of

skins sold by the latter body reached 1-151. It is note-

worthy that iu the fur-trade Greenland blue fox skins are

uoted as being of the same tine-haired quality as the white

skins from the same locality, while the Alaskan blue

skins are eijually coar^c-hillled, consequently there is

presumptive evidence of the existence of a Greenland and
an Alaskan local race of the species.
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THE COMETS OF 1903.

By J. B. D.u-E, iM.A.

In the year 190:3 the returns of eight perioilical comets
are due. It is very improbable, liowever, that more than
two or three out of their number will be seen. Some of

them will ivmaiu invisible on account of their unfavour-
able situation with re.spect to the earth at the time of

pas.sinfi; their perihelia; ami in the ease of two at least,

planetaiT perturbations will have disturbed the orbits to

such a degree that the dates of their reappearances must
be regarded as very uncertain.

The following list is based upon the elements obtained
from the positions observed at last apparition :

—

Nnnilior of
Periodic Approxinmto Dat»;s of times

Coinet. Time in T.:i.st A]tlielion Next Perihelion previously
Years. P;issai.'e. Pass:it'e. observed.

(1) Tempel-Swift 5-53-i 3 M;ir., 1900 9 Hoc, 1902 4

(2) Perrinc ... 6411 10 Feb., 1900 5 May, 1903 1

(3) Giaoobini ... 6 5-19 3 Feb., 1900 15 MaV, 1903 1

(4) Spitaler ... 6402 3 June, 1900 16 Aug., 1903 1

(5) Faye 7 566 IJan., 1900 13 Oct., 1903 8

(6) Winnecke ... 5832 18 Feb., 1901 30 Dec, 1903 7

(7) Brook.'* ... 7097 25 Mar, 1900 12 Dee., 1903 2

(8) D'.\rrcst . 6675 24 Sept., 1900 25 Jan., 19at 6

The first-named comet was discovered in 18150, and has
been observed since at intervals of eleven years. During
last aphelion passage it w-as in the neighbourhood of

Jupiter, and in consequence of the attraction of this planet

its return to perihelion will be somewhat later than stated

in the table.

The comets bearing the names of Perrine and Giacobini

were both discovered in 1896; Spitaler's was discovered

six years earlier, and has already made one unobserved
return. On the present occasion its distance from the

earth will never be much less than twice the radius of the

earth's orbit, so that very likely it will again escape

detection. Apparent proximity to the sun will obscure
Perrine's comet, but Giacobini's will be more favourably
situated, and possibly may be seen after passing j)erihelion.

Three of the comets expected may Ix- considered to be
we!l-esta.blished members of the solar system. Faye's
was discovered in 1843; in 1819 Pons discovered the comet
that now bears the name of Winnecke, while D'Arrest's
was discovered in 1851.

Unfortunately there is much cause for fear that the
good character for regularity in its reappearances hitherto

borne by Faye's comet will lie found to have been lost

since its last return. Its orbit lies close to that of Perrine's,

and at the beginning of 1900 both comets were at their

aphelia and near to Jupiter. Both bodies must have
experienced consideral)le perturbations, but exact com-
putations will alone show whether, in their new orbits,

the comets will come within range of observation.

Neither Winnecke's nor D'Arrest's comets have suffered

much perturbation, but, like Perrine's, they will at peri-

helion be on the opposite side of the sun to that on which
the earth will be.

The remaining comet on the list, Brooks', is by no means
so favourably situated as it was in 1889 and 1896 ; still its

detection should not be regarded as hopeless. At the

same time we must bear in mind that it has already

shown signs of disintegration, and as yet we are so igno-

rant of all the conditions which determine the visibility

of coniets that it is presumption to speak with certainty

regarding any of them.
AH the above comets are members of a family closely

connected with Jupiter. On the accompanying diagram
are shown the major axes of the cometary orbits pro-

jected on the plane of the ecliptic, also the orbits of

Jupiter and of the earth. The numbers jilaced at the ex-

tremities of the axes indicate the corresponding comets
in the table, the numbered points on the orbit of Jupiter
mark the positions of that planet at the aphelia of the
comets, and the similarly numbered points on the
earth's orbit its positions at the approaching perihelion
passages.

It is noticeable that the ajihelia points all lie dose to
the path of Jupiter. In addition to this, the inclinations

of the planes of the cometary orbits to that of Jupiter are
small, none exceeding 18", while in every case the direction

of revolution is the same as that of the general planetary
motions. These facts indicate that whatever may have
been the previous history of the comets, their present

position in the system has been chiefly determined hy the

action of Jupiter, secondary of course to that of the sun.

This group of comets is of special importance in view of

their comparatively short periodical times. They come
frequently under observat ion, and every return adds, to the

material for writing their life-history.

In the triple system presented by any one of them in

conjunction with Jupiter and the sun, we have one of the

simplest cases of the problem of three bodies, a case upon
which Hill, Poincarc, and Darwin have bestowed much
labour, but whose complete solution is yet to be sought,

if indeed it is attainable.

Perhaps the most striking circumstance which the study
of these bodies has brought more prominently into notice,

is that bodies moving under their mutual gravitation do'

not always tend towards aggregation and mutual coherence,

but that disintegration is a frequent result. Jupiter not
only captures comets, but also releases them, causing tliem

to move in paths which may take them far beyond the

limits of the solar system. Moreover, the condensation

of a swarm of meteorites into a planet has yet to be
explained, while it is not difiicult to prove that the action

of the sun, or of one of the larger planets, must under
certain conditions bring about the disintegration of bodies

passing near to them. Biela's comet is the classical

example of such breaking up of cometary masses ; but
similar phenomena have been observed in comets Tempel-
Swift and Brooks. For this reason their return may be

looked forward to with interest.
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"COMET PERRINE."

By Miss Catharine O. Stevens.

MooNMOHT lias interfered very much wifli observations of the comet, but the exceptional series of cloiulless nights

(liiriiif; the latter part of September afforded opportunity for making the accompanying sketches, which are an attemi)t

to convey some idea of its really exquisite beauty. The airy texture, the brilliance that is so delicately graduated

from the glory of an arc light to a veil that scarcely dims the light of even a telescopic star, and that eludes even the

skill of the photographer, furnishes an ajiology foi- the alternative of a portrait made by hand.

Comet Pcrrino.—11 p.m., 14 September, 1902.

[3 inch O.G-., power 30.]

Comet Perrine.—9.30 p.m., 16 September, 1902.

[3 inch O.G., power 30.]

Comet Pemne.—8.37 p.m., 25 September, 1902.

[3 inch O.G., power 30.]

Comet Perrine.—Upon the backgi'ound of tlie Milky Way.

12.5 p.m., 28 September, 1902.

[3 inch O.G-., power 70.]
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THE MOON'S SOUTHERN HORN.

By E. Walter Maunder, f.r.a.s.

The region of the moon shown iuthe present jilate is taken

from the fourth number of the "Atlas Photoj;raphique

lie la Liiue," pulilished by the Paris Observatory, antl

forms a continuation of the eiiuatorial region of the moon
described iu Knowledge for March, 1901, under the title

" Sunrise on the Sea of Plenty."

Under the grazing illumination of the sun's rays, it is

seen that the moon's southern horn, like the major part of

the moon's southern hemisphere, is riddled with craters.

Here are a multitude of ringed and walled plains, craters

and craterlets, clefts and ridges, lying, some in disorder,

and some in an order so pronounced that it can scarcely be

accidental. As it was jiointed out in the earlier article,

the meridian of GO'-' has u|ion it a series of great walled

plains, Boussiugault f, Pontccoulant G, Fraunhofer,

Furnerius, Petavius, and beyond the southern horn the

sequence is carried on by Veudelinus, Langrenus, Webb,
Apollouius, Messala, and Schumacher, not to speak of

tlie Mare Crisium, which the meridian bisects. This
longitudinal arrangement of the great plains, taken iu

connection with the meridional ridges on the Mare Crisium,
seems to indicate that the cause is to be found in the

tidal attractiou of the earth on the once plastic erust of

the moon, which was then perhaps also exhibiting great

volcanic activity.

Lying obliquely across the same meridian is another
series of formations, scarcely less remarkable. These are

four annuli composed of ring-plains and craters grouped
together like beads on a necklace. The diameters of the

annuli diminish in size, and their components also decrease

as they approach the south pole. The largest and most
northern imnulus lies immediately to the south of Furnerius,

and has for its southern edge the great Valley of Rheita
and the ring-plains which it seems to have broken down
iu crossing. On its western border lie Fraunhofer and
Vega and several other ring formations almost as large

and important as these. The south edge is closed by
several of the formations in the Vega region, but the

northern edge lies 0])en, save for the small crater Rheita B,

between which and Fraunhofer lies a ridge of high ground
which crosses the floor of the anuulus, bcmUug to the

west and traversing Vega. The southern edge of this great

aunulus breaks into the nortliern edge of the ne.\t, whose
southern apex is Hanno A, and, as a rule, the component
ring-plains of the second anuulus are much smaller than
those of the first. The two more southerly annuli arc

formed of smaller craters still, and their areas are much
more circumscrilx-d. Pontccoulant joins the southern
border of one to the northern border of the other, and
obliterates them in these regions.

Three great valleys are seen stretching from the termi-

nator across the illuminated horn, half way to thii iU(jon's

limb, looking in the picture as if a hen had drawn her
triple claw across the rugged surface. The two narrower
shallower ones apjjear to spring from Fabricius, and skirt,

one to the west of twin plains Steinheil A and B, and the

other, farther to the west, to the borders of the second
anuulus. Tlie third and most northerly, is the colossal

Valley of Klieita, which, dwarfed by perspective, is yet

nearly two hundred miles in length. It is less regular

than the valley of the Alps, but it surpasses it visually in

importance. In April, 1901, when discussing the ridges

that cross the floors of the Maria Serenitatis and Imbrium,
we pointed out that where these ridges left the sea bed
and tr.J.versed the mountain ranges, there they seemed to

be transformed into valleys ; a notable instance being the

prolongation of the great valley of the Alps into the Mare
Frigoris. as a ridge to Egede A. In the case of the Rheita
Valley and its companions, the only sea bed which is

visible on this plate, the Mare Australe, is too narrow and
foreshortened for it to be ascertained that the same coin-

cidence of ridge and valley takes place hero, but there are

faint indications which seem to render it probable, and
which might become more evident under a slightly different

angle of illumination.

But as the sun rises higher on the moon's western limb,

all this complexity of detail seems to be blotted out as by

Key Map of the Plate.

a wet spomre, and the region has become blank, or presents

features that are unrecognisable when the sun's light

slants on it as on March 7tli, 1897. When the moon
appears to us about half full, then Boussiugault, Pontc-

coulaut, Steinheil, and all the lesser ring-plains disappear

;

the Mare Australe shows up more plainly as a thin streak
;

the riug of Petavius is gone, and only the centre crater is

to be made out ; and the two secondary plains, Petavius B
and Furn(;rius A, become the centres of brilliant

" aureoles " and the focus of bright rays, such as those

which emanate from Tycho.

But there is one feature which is no less evident when
the moon is at the full than when it shows but a narrow

horn of light; this is the es]>ecial brightness of the

illuminated limb of the moon. On our plate it is visible

as a narrow, almost even cornice of light all along the

rounded edge. It is practically indeiwndent of the latitude

on the moon, or of its age.

What is the cause of this ? There is, of course, on the

moon no atmosphere or dust-veil like tliat which renders

the limb of the sun so notably less brilliant than the centre

of the disk. But since the amount of light reflected by

the moon in any given direction should decrease with

increase of the angle made with the normal, we should

expect that—as we see to be the case with Jupiter and
Saturn—the limb should be inferior to the centre in

brightness. There seems but one explanation of the
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iliffcront state of tbinj^s which we observe, viz., that the

retrions uear the liiul>, as we sec them, have a much higher

ivlleetive cai)aeity tliaii those near the centre. Nor is it

(lidicult to see that this is actually the case. In the centre

of the disk we see si)re;ul out before us the fjreat grey

|ihuiiti, the floors of the craters and ring-j)laiu.s, tiie

liottoms of the valleys. Aud we note that these low-lying

regions are far darker than the mountain tops ; in other

words, tlie lowest regions are the darkest ; the most
elevated are the brightest. But as we apiiroach the limb

till- effect of the foreshortened ]>resentati<>n is to hide tlie

valleys and crater-tloors mi^ire aud more from view, whilst

the mountain sides are more fully jtresented to us. Tlie

brightness of the lunar limb is therefore due to the fact

that it is here that the highlands are best seen, aud the

lowlands least. On the planet Mars, which also shows a

liright limb, the similar effect may be due to the presence

of clouds, too thin to be seen when looked down upon from
above—and probably also much rarer under the midday
sun than at morning or evening—but becoming quite

evident when crowded together near the limb by the effect

of foreshortening. Just as to a spectator on the earth,

t he horizon seems much more frequently aud more densely

tlouded than the zenith.

The interest attaching to the brightness of the lunar

liiglilands dejieiids upon the cause to which it is assigned.

It is probable that the actual material of the grey plains

and crater-floors is in itself darker than that of the

moimtain crests and ridges. But there must be an action

continually going on—slight audSipw, but cumulative

—

tending to clean the upper slopes^^K to transfer material

down to the lower districts ; a kinorpf weathering. The
meteor rain, which the moon experiences in its proportion

equally with the earth, must tend to rake the surfaces of

the steep ridges, and to drive the matter it disturbs down-
^vards. So, too, the alternate expansion and contraction

of free particles lying on the slopes, as the lunar day and
night succeed each other, will mean the gradual " creeping"
downwards. Thus, however " dead " the moon may be,

there must be even now a steady kind of denudation at

work, a continual deposit of material in the lowlands from
the surface- matter of the mountain slopes.

The interesting point is that this deposited material

seems darker than that uncovered by its removal, as if on
tlie moon, as on the earth, some process of tarnishing or

oxidation were at work ; as if the lunar atmosphere, rare

as it must lie beyond all terrestrial experience, is not

wholly inefficient in this direction.

%ttttX^.

[The Editors do not hold themselves responsible for the opinions

or statements of correspondents.]

A NEBULOUS STAR IN SCUTUM SOBIESKI.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—Prof. Barnard informs me that the star in

Scutum Sobieski, S.D.—10°, 4713,* referred to in my
article on " Nebulous Stars and their Spectra," iu your
Uctot)er number, is undoubtedly and conspicuously

nebulous. He has not only photograjjhed the dense glow

encircling it more than a dozen times with varied expo-

* Through an oversight, the erroneous designation B.D. 10°

I:il3 got printed in my article. The star's place for 1900 is R.A.
18h. i!G-9m., Dec. —10° 52'.

sures, but observed it visually as well. Moreover, Prof.

Frost has kindly examined a spectrograph of the star

taken by Mr. EUerman with the Yerkes refractor in the

autumn of IHO'.I, and finds it to be of the most authentic

helium type. Besides hydrogen and helium absorption,

Sclieiner's " high-temperature " magnesiuin-liue at A. 4ri->ii

was recorded between H/3 and Hy. No bright lines could

be detected. The object, accordingly, conforms to prece-

dent, and ratifies the association of a helium spectrum
with an inchoate condition. The experiment would be
worth trying of taking a spectrograph on a plate suffi-

ciently sensitive iu the green to test the emission of the

chief nebular ray by the halo attached to this interesting

Agnes M. Clebke.
London, October -JSrd, 1902.

THE CANALS OF MARS.
TO THE EDITORS OF KNOWLEDGE.

Sirs,—On seeing that Mr. Maunder had reached
slightly different results with regard to the exact nature
of the delusion to which these appearances were due, I

was at first rather at a loss to account for the fact, since

the subjects of my experiments had all seen the canals on
pei'fectly unstippled sui'faces. Lately, however, the idea

occurred to me that perha]is Mr. Maunder had made his

drawings more hard and definite in outline than I had,

aud I therefore wrote to Mr. Maunder suggesting this

explanation, aud shortly after received a letter from him
stating that in his drawings he had shaded in the " seas

"

with Indian ink, and had used smooth white Bristol board
on which to draw them, whereas I had drawn mine in

black lead, on rough, slightly yellowish drawing paper.

The difference in character between these two kinds of

drawing seems to me to explain adequately the slight

disparity in our conclusions.

It will be understood, of course, that if a drawing is

stippled over with minute dots, which are individually

indistinguishable, the net effect is not that of a speckled

surface, but merely that of a general and even darkening

of the space so stippled. This darkening has the same
effect as the lightening of the dark areas would have, i.e.,

it makes the drawing more difficult to see, and the eye

having thus less to definitely lay hold of, has more free

play, and is more easily deceived into representing

shadowy lines.

The probability of the truth of this explanation becomes
greater, of course, when it is considered that even my
comparatively feeble dra^viugs had to be placed iu the

shadow before canals could be easily seen.

Thus the inability of the subjects of Mr. Maunder's
exjieriments to see canals on unstippled surfaces does not
point, as might at first sight appear, to the hypothesis

that the red areas of Mars are speckled over with oases,

but merely to the fact that the light areas are not so much
brighter thau the dark areas as they were represented on
Mr. Maunder's drawings, and to a smaller extent on my
own.
As everyone knows, the markings on the planet itself are

anythiug but strongly marked. Of course this darkening
of the red areas may be caused by oases, but of this we
have no proof, and it seems simplest to suppose, for the

time being, that excej>t for the large spots whose existence

no one can doubt, there are on the Martian continents no
markings visible to our jiresent telescopes, and certainly

no canals ; at least in our present astronomical conception

of the meaning of the term.

B. W. Lane.
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VISIBILITY OF THE CRESCENT OP VENUS.
TO THE EDITORS OF KNOWLEDGE.

SiKs,—III July last a letter froui Dr. Rvle appearLnl iu

KsowLEUiiE, from which, aud Mr. Maumler's note, it

wouM appear that the seein-; the creseeut with the uakeJ
eye is aluiDst. if uot altoi^ether iui]iossible. I'enuit me
therefore to relate the following:— 111 either Oetolx-r or

November, l!<Ol, I was viewing Veuus, ami looking for

Mercury one evening. Finding the latter I called two of

my men, who were working near by, to come aud look at

what they had probably never seen before. When I

pointed the direction of Mercury, one of them at ouce

made it out with the naked eye. I then showed it to him
with the telescope—a o-inch refractor. Veuus at the time
was very bright, and to test his sight I asked him " What
shape she was" "r His rei>ly at ouce was " Just like the

new moon," and adiled, to my astonishment, " Is that the

rest of the star, the dark round we see " ^ I then let him
look through the glass, and he said "Yes, just the same,

only much clearer." I cannot say as to astigmatism of

his eye, as I do not know anything about it ; but I feel

sure that there was no imagination at work. He did not

even know the [danet's name, and all he did, when I

ix)inted Venus out, was to shade his eyes with his hand,

aud answer at ouce.

A. W. Mansergh, Lt.-Col.

Martness House, Portadown,
1st November, I'.nyi.

SYNCHRONISM OF SOL.\R STORMS AND
TERRESTRIAL MAGNETIC DISTURBANCES.

TO THE EDITORS OF KNOWLEDGE.

Sirs,—From the report of the July meeting of the

B. A. A., I gather that the above subject has been ouce

again under discussion. The Rev. Walter Sidgreaves'

essay on the " Connexion between Solar Spots and Earth-
Magnetic Storms" (R. A. S. Mem., Vol. LIV.) is about
the only purely scientific pronunciamento which I have
had the pleasure to read on this controversy. Both sides,

however, to my thinking, oommlt the error of allowing

their respective views to be too much induenced by basing
them exclusively on tlie speculative relations between
earth-magnetic stonns and " sun-spots," as if these latter

were the one and only solar storm phenomenon subject to

periodic cycles. I liken a sun-spot to the black storm-
cloud we see here on the earth, the cloud being, how-
ever, merely the scenery of the storm proper, in which
lightning and thunder alternate, from which rain or hail

may fall, aud underneath which a tornado may do havoc.

But if these real storm-ingredients are absent, the mere
passage of a cloud across the same landscape would lie of

little consequence. Similarly, then, a solar spot taken
as a dark mirk on the sun's surface denotes simply an
interruption in the luminous photosplieric clouds. Such a
spot is not necessarily the one absolute requirement to

produce a terrestrial magnetic storm, and in this sense it

would, indeed, seem advisable to droji the idea of an
obsolitte coniie.rion between the two phenomena.
There are quite a number of solar periodic phenomena,

partly well known and partly justifiably surmised, which
accompany the spot cycle, and these may be much more
directly concerned in any action at a distance. To begin
with, as far ;is solar spots go, every observer can see

directly whether he has to do with an active or quiet s|iot.

Again, he can see whether, on rounding the edge of the

disc, the neighbourhood of a spot is studded with eruptive

prominences or surrounded by brilliant faculse, but both i
f.

prominences or surrounded by bri]

p fftjUA ^'^JU j9-i^^<^.

these he may see without a spot being visible near. But
if no spot is visible, aud the.se eruptive prominences and
brilliant facula; (indicative of a solar storm much more
than the dark s{)ots /Jtr xc) are well within the sun's disc,

their discovery is not so easy, aud I feel sure that many
tremendous outbursts are thus entirely lost to direct

telescopic or spectroscopic observation. Even then we
have no absolute evidence that distortion and reversals of

lines, etc., constitute, with disturlied spots, the whole
range of solar storm phenomena, and we are in entire

ignorance as to what extent electric potentials of un-
suspected magnitude may enter the arena of the upheaval.

These electric contributions are so far entirely invisible to .

us, but the belief in their actual existence is none the less

justified.

Therefore I do uot see what purpose is served by

debating as to whether one or another particular solar

longitude of a sun-spot is the more productive of terrestrial

magnetic storms. At the same time one might argue,

theoretically at least, that the line of least resistance

would be also the shorteit connecting line betv,'een sun and
earth, and that, therefore, near or on the central meridian

a solar disturbance (not necessarily a spot) may have an
enhanced effect. .

In these debates on the relationship of solar phenomena V
aud terrestrial magnetism, I notice that any attempt to

'

account for the following circumstances is invariably left j

out of consideration :

—

»

(1) How is the incontrovertible fact explained that T
terrestrial magnetic st«iims do not only synchronise with L
the spot cycle in tok^ but accumulate in two annual '

maxima about the eijuinoxes ?

(2) Why should a solar south latitude disturbance I

more frequent!}' prove effective on the earth's magnetic I

condition iu March (spring equinox) than a north latitude

disturbance, aud the reverse take place at the autumn
equinox ?

{o) How is it that terrestrial magnetic storms recur in
j

subordinate periods, synchronous with the sun's sidereal
j

rotation period, almost corresponding to the res|)ective I

latitude of the solar disturbance ; aud why should this I

same suliordinate synchronism be more strikingly apparent

during the spring and autumn equinoxes Y

Possibly a correct answer to question 1 would settle the

second portion of question o, but unless these three main
questions can be satisfied, I feel lj^)und to say that what-
ever be the immediate cause of the terrestrial magnetic
disturbance, this cause must be located on the sun or in

extremely close jiroximity to its j>hotospheric surface ; must
partake of its rotation, differentiated according to latitude

;

must be more effective in spring and autumn through
more favourable relative position of sun and earth ; and,

finally, must be synchronous with the spot period as a
whole. Here then I part company with Mr. Sidgreaves,

inasmuch as he says on page 91, loc. cit. :
—

" It seems therefore true that recorded observations,

while clearly asserting a real connexion between sun-spots

and magnetic storms, are (ujainst anij theory tvhich jdaces

the cause of matjnetic disturbance within or near the sun."

Helmholz's theory placed the cause of the sun's

sustained heat radiation on that body itself. From the

sun we also receive nearly all our light, aud I do not see

why we should show such hesitation to credit it also with
sufficient electromotive force to influence the earth's

magnetic condition. Could we but have an analyzing

magnetoscope, after the analogy of the analyzing spectro-

scope, which would enable us to watch maijneticaJiy any
selected portion of the sun's surface, we might come
immeasurably nearer to a solution of this vexed question.

Albert 4jufR£d Buss.

O^ <W^^ <ihi
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P.S.—Wliilo no spots liiivo bueu visible for some mouths
now, the chromospliore seems to show a very rugged
a[Pi)e;ir;iiue lately, espeeially iu the polar rej^'ious. A
frieiiil of mine lias ailvised nio to let the sun's lij,'ht jiass

throuj;h a ruby-tinted glass when observing prominenees,
ete., in tiie Ha (C) line, and I must say that it greatly
assists me in obtaining good views, aud 1 recommend the
simple device to brother spectroscopists.—-A. A. B.

Bnttsij ©vnitfjological Notes.

Conditclcd by Hakry F. Withekby, f.z.s., m.b.o.u.

Greenish Willow Warller {Phi/Uoscopus viridanm) in Scotland.—
At tlio Octobi'i' mcotiiig of the British Ornithologists' Club, Mr.
Howard .Sftuiidcrs exhibited, on behalf of Mr. W. Eagle Clarke, a
m.-ile specimen of this little Warbler. It struck the lantorn of the
Suloskerry liglitliouse on September the 5th last. Suleskerry is a
storui-swept rock about 35 miles from tlie nearest point of Sutherland.
This specimen is the second example of the species obtained in Great
Uritaiu, the iirst having been sliot by Mr. Caton Haigh in Lincolnshire,
on September 5th, 1896. The Greenish Willow Warbler has been
known to occur only some half-dozen times in Western Europe,
although it breeds no further off than a little to the north-east of
St. Petersburg. Its true summer home, however, is in the Urals aud
further east.

White-spotted Bluethroat in Kent.—The White-spotted Bluetbroat
is the southern form of the Ecd-spotted Bluethroat which inhabits
arctic Europe and Asia, and often visits our southern and eastern
loasts at the times of migration. The white-spotted form (Cyanecula
Iciicuci/ana) had not been recorded for Great Britain until October
last, when Mr. M. J. Nicoll exhibited a specimen of the bird to the
British Ornithologists' Club. This specimen was picked up dead
close to Dungoness lighthouse by a man named Gasson, on October
6th, 1902.

White-winged Lark (Alauda sibirica) in Kent.—Two examples of
the White-winged Lark were obtained at Woodcliurch, Kent, on
January 27th and 28th, 1902, and at the time a third bird was seen.
This was obtained on March 22nd. All three specimens have been
exhibited by Mr. N. F. Ticehurst to the British Ornithologists' Club.
Previous to these examples, the White-winged Lark had been obtained
only once in the British Islands, namely, near Brighton, in November
1869.

Rustic Bunting (Emberiza ruslica) in Susse.v.—The fourth example
of this eastern species to be obtained iu Great Britain was exhibited
by Mr. N. F. Ticehurst at the October meetiug of the British
Ornithologists' Club. The bird was a young male, and was shot
by a boy at North Croft Farm, Westlield, Sussex, on September
22nd, 1902.

Little Bunting (Emheriza pusillaj at Tte.i Mouth, Co. Durham
(Xaiuraliit, November, p. 353).—Mr. C. E. Milburu records the
occurrence of a bird of this species on October 11th, on the Durham
side of the Tees mouth. The specimen, which is a female, was ex-
liibited by Mr. W. R. O. Grant at the October meeting of the British
Ornithologists' Club. The Little Bmiting breeds in Northern Russia,
and has only once before been recorded as occurring in Great Britain.

Aquatic Warblers (Aerocephahis aquations) in Sussex.—At the
October meeting of the British Ornithologists' Club, Mr. Bonhote
exhibited a pair of Aquatic Warblers, shot at Winchelsea, Sussex,
last August. The bird, which breeds in France and Germany, has
been previoiisly noticed some half-dozen times in England.

Lesser Greg S/iriie (f.anius minor) in Norfolk.—At the October
meeting of the British Ornithologists' Chib, Mr. G. E. Lodge ex-
hibited a young specimen of Lanius minor, which he had sliot ou
October l"lth, at Docking, in Norfolk. The Lesser Grey Shrike,
nliich is an annual summer-visitor to Southern and Central Europe,
occasionally wanders to England at the migrating seasons.

Glossy Ibis in Hampshire and Sussex.— Mr. Edward Uiickell
writes that a Glossy Ibis was shot near Komsey, Hants, on October
19th last; while Mr. E. Aehburnham records (Field, November Hth,

1902, p. S08) that a specimen was shot near Rye at the beginning of
October, and another in Pevcnsey Marsh, in Siissc!, iu the middle of
October.

Iled-necked Phalarope in Anglesea.—In the course of an inte-

resting article on the birds of Anglesea, Messrs. T. A. Coward and
Charles Oldham describe how they watched a bird of this species, on
Jime 5tli and (ith, on a shallow pool. Although it still breeds in the
islands in the north of Scotlanil, the Red-necked Phalarope strangely

enough is seldom recorded from England, and less often from Wales,
in spring, although those cimnlriis lie between the birds' winter and
summer quarters. The authors of this paper draw attention to a
conspicuous wliite spot above the eye of the bird, which was distinctly

noticeable in the live bird, but, they say, is practically obliterated

in dried specimens, owing to the contraction of the skin over the
orbit.

Great Bustard near Cambridge.—A Great Bustard was shot near
Cambridge, on September 25th last. This was prisumably one of

the birds which were put down in Norfolk in 1900 in the hopes
that the t])ecies would re-establish itself iu its former haunts (see

IvNowi.EDQK, 191)0, October, p. 2.30). Several of these birds, unfor-

tunately, have now been shot liy ignorant people. In the present
case, the farmer who shot the bird, when convictc<l of the offence,

expressed his regret, explaining that he did not know what the bird

was, and had not seen any of the notices which hiul been published
in the neighbourhood in order to draw attention to the presence of

the bird, and to ask for its protection. If those directly interested in

the reintroduetion of this fine bird will persist in their efforts by
importing a few pairs of birds each year, and advertising their

presence, there is every reason to hope that the experiment will prove
a success. In a few years' time, perhaps, it will not be necessary

for us to go all the way to Spain to see the finest bird on our game
list.

Alpine Swift in Kent (Field, November Ist, 1902, p. 761).—Mr.
H. S. D. Byron states that an Alpine Swift was shot at Thanet on
October 21st, but he gives no particulars of the bird.

All contributions to the column, either in the way of notes

or photograpJis, should be forwarded to Harby F. Witherby,
at the Ojjlce o/ Knowledge, 3"2t), Iliijh RoUmrn, Lvndun.

AsTRONOMiCAi,.—The repetition of Foucault's pendulum
experiment at the Pantheon in Paris has attracted con-
siderable attention, thoiigh it is only remarkable for the

large scale ou which the experiment is performed. It may
not be generally known that there is a permanent exhibi-

tion of the exj)eriment iu the Science Collections of the

Victoria aud Albert Museum at South Kensington, w'here

the demonstration of the earth's rotation is completely

satisfactory, in spite of the fact that the pendulum wire is

only 40 feet in length, as compared with the 220 feet of

the Pantheon experiment. Excellent results have also

been obtained by the writer of these notes with a carefully

suspended pendulum not more tliau seven feet in length,

tlie deviations being often correctly shown for three-

quarters of an hour.

Following u]> a general solution of an eijuation due
to Laplace, Mr. E. T. Whittaker, one of the secretaries

of the Koyal Astronomical Society, has been led to the
important conclusion that gravitation is in all probability

propagated by undulations in the same medium by which
light is transmitted through space. This uudulatory
theory requires that gravity should be propagated with a
finite velocity, but this velocity need not be the same as

that of light, ;ind may bt; enormously greater. Mr.
Whittaker is careful to point out that his investigation

does not explain the cause of gravity, but shows that the

l)ro]>agatiou across space of forces which vary inversely as
the square of the distance does not require for its

explanation any new property of the transmitting medium.
The development of the theory will be awaited with the
greatest interest.—A. F.
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Botanical.— The "Origin of the Deadnettles in Britain"

is discussed by Mr. S. T. Dunn in a paper which originally

appeared in the Snuth-EaMeni Nittimilisl for llMil. He
divides the species found in the British flora into three

groups. The first includes Lamiiiin (lalenhihihni alone, as

this is the only British species found naturally in our

wood*; the second group im-ludes L. album, L. piirpiifi'iim.

L. !iiri:iiini, L. amphxicatilf, and L. iuterDteiUiiiii, all of

which are unknown in Britain except in places prepared

unintentionally for them by man ; and the third consists

of L. hifiJiim, seeds of which were introduced with foreign

com, and L. niacuhitiim, which originated as an escape from
gardens. L. ijah'>h<hilo>i is distril>uted through Western
Siberia and Europe (including southern and central

England), but is imknown in the most northerly regions.

It is supposed that it spread into this country from the

continent at the end of the last glacial period, before man
had made his appearance in North-western Europe ; it is,

therefore, regarded as truly indigenous in Britain. Mr.
Dunn shows that the extremely common White Deadnettle

(L. iilbum), and the other species associated with it in the

second group, were introduced liy the agency of man.
The 'White Deadnettle is widely spread in the North
Temperate Zone, both as a native and as a weed. It

naturally grows in woods and forests, but in the British

Islands it is not known in these habitats, though common
enough wherever the ground is subjected to periodical

disturbance. The Purple Deadnettles (L. piirjxm'um and
L. incisum) are weeds in Britain, and are commonly found
as such throughout Europe, North Africa, the Orient, and
Siberia. L. amjili'.ricaiile is unknown except as a weed of

cultivated ground, and Mr. Dunn suggests that it has been
derived from L. macrodon, a native of the cedar forests of

Asia Minor, which, on extending its range into cultivated

ground, became somewhat modified by its altered sur-

roundings. L, )H(7CH/n/H;», though clearly non-indigenous
in Britain, is wild in the woods of Southern Belgium.
This interesting paper has been reprinted in the October
number of the Journal of Botany.

Two British local floras have recently been nublished,

one dealing witli the Liverpool district and the other with
the East Riding of Yorkshire. The first, edited by Dr. C.

T. Green, includes the plants growing within fifteen miles

of the Liverpool Town Hall and two miles of Southport.
It is baaed on the " Flora of Liverpool," issued by the
Liverpool Naturalists' Field Club in l872 ; but the present
work contains several new features. A most useful one
is the addition of pretty little figures of most of the plants.

Further, there are twenty-one photographs of the scenery
of the district. The flowering plants, ferns, fern allies

and Characea; incluJed in the flora amount to lOCiO species.

The " Flora of the East Riding of Yorkshire," by J. F.

liobinson, contains 10.3.5 species, including lo7 aliens,

casuals, etc., and 20 '' incognita." 3Iention should also be
made here of Mr. F. H. Davey's " Tentative List of the
Flowering i'lants, Ferns, etc., known to occur in the

County of Cornwall," which was issued a few months ago.

—S. A. S. ,,.

Zoological.—The opinion seems to be gaining ground
among zoologists that there arc two distinct forms of

okapi. In the October issue of the Pfocefliiujii of the

Zoological Society, Dr. Forsyth Major applied the name
Ocapia liehrechts-i to the form represented by a male skull

from the Congo "Free State, recently received in Brussels.

On the other hand, Prof. Ray Lankester (Ann. Mtuj. Nat.

Hist, for November) believes this form to be the true

O.johnntoni, as typified by the strips of skin described by
Dr. Sclater as Etjuns (.') johnstoni. Accordinglv he ]tro-

poses the name of 0. erilssoni for the form represented by

the mounted specimen in the British Museum, hitherto

assigned to the typical species. Dr. Major has further

stated that the female O. jnhuMoni {^^^ liphrcfhinl) is horn-
less ; and the same will probably hold good fur the other

form. Assuming this to be the case, and also lulmitting

the existence of two distinguishable forms, it has yet to

be proved that these are anything more than local races

of a single species.

In a paper recently published in the Procoedingf: of the

Royal Physical Society of Edinburgh, Mr. O. C. Bradley
pro])oses a system of skull-measurements for mammals,
analogous to the " craniometry " employed in the case of

the human subject.

Certain very remarkable prehistoric sketches of animals

from the cave of Font-de-Cxaume, in the Dordogne, are

reproduced and described by Messrs. Capitan and Breuil

in a recent issue of the Comples Rendiis of the Paris

Academy. The animals depicted are the reindeer and the

Pleistocene bison. Consequently, if genuine, the drawings

must apparently be assigned to the Palaeolithic epoch.

Much interest attaches to the description by Dr. C. W.
Andrews {Geohnjical MayarAne for October) of a series of

vertebrate remains—chiefl}' mammalian—from a Pliocene

deposit on the Wadi-Natrun, Egyjit. The remains

include those of a three-toed horse (Hijiparion), of a

hippopotamus identified with a species previously

described from a formation of the same age in Algeria, of

an antelope apparently inseparable from the Hippntraguit

cordteri of the South of France, and of an undetermined
species of pig. This new fauna apparently ccmfirms

previous conclusions as to a land- union between Europi>

and North Africa in Pliocene times.

Those who would cxjdain the distribution of certain

forms of life by the former existence of a land-connection

b<'tween the southern continents by way of " Antarctica,"

have laid some importance on the existence of fishes of

the genus Gala.via8 in the freshwaters of New Zealand,

Australia, South America and the Cape. This evidence,

for what it is worth, has been completely shattered by
Mr. G. A. Boulenger's description (in a memoir on tiie

fishes of the Congo) of a marine representative of the

genus in question from the Southern Ocean.

In a memoir recently published at St. Petersburg,

Dr. Otto Ilerz describes the journey of the expedition

under his charge to the Beresowka River, in North-

eastern Siberia, to exhumate and bring home the remains

of a frozen mammoth. Althougli the carcass had
lost the trunk and one of the tusks before the arrival of

the party, the expedition was a complete success, having

reached the Beresowka and completed its task before the

setting in of the winter frosts. Leaving the Beresowka
in November, the party reached .St. Petersburg in February
last, where they made over their spoils to tlie .Academy of

Sciences.

Another memoir lately published at St. Petersburg is

devoted to a full description of the wild horse of Mongolia,
based on the rich series of specimens in the museum and
on examples living at Moscow. The author, Dr. SaJensky,

is convinced that Eiiuu.-< prscirahl-ii is a distinct animal and
not a hybrid, but does not decide whether it is a separate

species or merely a local or feral race. In the course of

his description the author mentions the interesting fact

that the callosities generally present on the hind legs are

wanting in some individuals of the domesticated horse and
the wild tarpan. Commentirg on the memoir in the Field

newspaper, Mr. Lydekker expresses the opinion that the

Mongolian wild horse can no longer be regarded as anything
more than a race, or sub-species, of Eqiius cabnllus.
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In the journal last mentioned (October 4th and 11th)

the same writer diseussoa the coloration of the laPfjer

niainmuls, and concludes that in most instances this is

(lo8ifi;ncil for the purpose of protection, by harmonizinn;

with the inanimate surroundini^s. It is pointed out that

roirst-dwcllinji; aniniivls niav nearly always he ilisi iimuislicd

by the larjre size of tiieir ears, as eonipired with those of

their nearest relatives. The need of accurate observations

in the fiehl with regard to the meaning and use of animal

coloration is urired, and the assistance of sportsmen and
travellers in clearing up matters of doubt invited.

In a note on the Pleistocene fauna of Nebraska,

published in Vol. XVI. of the Bulletin of (he American
Museum, Mr. W. D. Matthew describes, under the name
of Ciipromenji; a new type of ruminant, which is regarded

as the direct ancestor of the American prongbuck (Aiililo-

capra). The author considers that both animals are

descended from a group of ruminants termed " antilopine

deer"; that group being characterised by the possession

of antlers approximating to those of the deer, coupled

with teeth more like those of antelopes. The antlers,

which are forked or several times branched, are provided

usually, or invariably, with a " burr," whence it would

appear that they were annually shed. On the other

hand, they are smooth, which suggests that they were
permanently invested with " velvet." In another com-
ninnieation to the same journal Mr. Matthew describes

the skull of a rodent from the Tertiary of Colorado

provided with three horns. Eor the animal to which it

belongs he proposes the name Ceratotjauhis. A horned
rodent is a type quite new to science.

Number 4G6 of the Pmceedings of the Eoyal Society

contains an abstract of Dr. W. G. Eidevvood's important

memoir on the structure of the gdls of the bivalve molluscs.

No less than 215 species, referable to 118 genera, were

examined in order to determine the structure of the gills.

Speaking generally, neither the minute structure nor the

mode of arrangement of these organs is of much value in

classification ; although three main types of gill-structure,

apparently representing as many grades of complexity,

can be recognised. The first and simplest of these types

is met with only in the families Nurulidx and SoIe)Mmijid!v,

which have consequently been brigaded together under
the name of Protobranchia.

The Gordon Memorial College at Khartoum, which

Lord Kitchener opened on November 8th, is now ready

for the Chemical and Bacteriological Research Laboratories

presented by Mr. Henry S. Wellcome during his recent

visit to the Soudan. The fi.vtures and appliances made in

England have already been shipped. The equipment for

scientific work is most complete and should be equal to

any similar laboratories in Europe. The Sirdar has

appointed as Dii-ector of these Research Laboratories, Dr.

Andrew Balfour, of Edinburgh. The Soudan presents

exceptional opportunities for the study of tropical diseases,

especially malaria, typhoid and dysentery, and the results

of the investigations of Dr. Balfour and his staff should

be of considerable importance. Dr. Balfour will also

assist the authorities in the investigation of the criminal

poisoning cases which are frequent in the Soudan. The
character of the poisons used by the natives is at present

often obscure, and it is possible that the work in these

laboratories may increase our knowledge of toxic agents.

Apart from the original researches and general sanitary

work. Dr. Balfour and his staff will devote their attention

to the study of the cereals, textile fibres, and various

matters affecting the development of the agricultural and
mineral resources of the country.

i^otittn of ISooits.

"Astronomy wftiiout a Tr.M'.scoPM." T?y R. Walter
M.iiinder, K.it.A.s. (KNowi.r.Dfii. Office.) Ilhistrated. Pp. xii. and
'2M0. .^is.—Thore are luany cl.isses of roiiders to whom, we believe,

Mr. Maunder's new book will appeal stroni^ly. Those wlio wish

to gain a close personal acquiiintance with the stirs will find

themselves provided with an excellent set of st;ir maps, and con-

ducted by one who has a thorough knowledge of the he.ivens
;

those interested in the names of stars and constellations will

find an admirable account of their origin and significance, as far

as they can bo traced ; and the many who will doubtless wish
to turn their knowledge of the stars to good account will find

numerous valuable suggestions as to fields of research in which
the unaided eye is not only competent to yield results of v.ilue to

science but is often the only suitable means of ob-servation.
" Astronomers without telescopes " may be roughly divided

into two classes, which m.ay be briefly described as " fireside

astronomers " and " open-air astronomers." Many useful in-

vestigations have been made by some of the former, and may
stiU be undertaken by them with advantage ; but it is to assist

those desiring to make observations for themselves that the

author's efl'orts are chiefly directed. Even if the observations

are restricted to phenomena which are already perfectly well

known and understood, the observer will in this way acquire a

knowledge which no amount of reading could ever supply ; but

with Mr. Maunder's guidance he will find it possible to go
further and take a share in various astronomical inquiries.

Following chapters on the constellations, full and thoroughly

practical directions are given for .astronomical exercises intended

primarily for the "education" of the reader, and these are appro-

priately followed by suggestions as to the systematic obsei'va-

tion of meteors, the Zodiacal Light, Auror.t, the Jlilky Way,
and other phenomena for which no telescope is necessary. That
there .are so many investigations open to the astronomer without

a telescope is perhaps one of the most important lessons which
the book brings home to us, and, as the author ]ioints out, there

is a real danger that such observations may be neglected in

view of the widespread attention attracted to the work of the

great instruments which have been set up in recent years.

Readers of Knowledge will recognise in the book much which
h.as already appeared in our pages, but it may be mentioned
that the original articles have to a large extent been rewritten

and new illustrations included. We think that many of those

who are thus already familiar with the general scope of the

work will be glad to have the papers in a collected form, and
it is confidently believed that the book will attract a wide circle

of readers, and materially contribute to the advancement of

several branches of astronomy.

"BrRD.s IN THE Garden: Studies wiru a Camera.'' By
Granville Sharp, m.a. (Dent.) Illustrated. 7s. 6d. net.—Mr.
Sharp has written a very pleasing and entertaining little book

on a few birds to be found in almost any garden. With the use

of very simple photographic apparatus, and a few contrivances

for bringing the birds within range of the camera, he his

managed to secure an excellent series of pictures of the birds

about" which he writes. These photographs show very well

how varied are the attitudes of birds and how expressive those

attitudes often are. Photographs of this description .are so much
more interesting and valuable than those of birds and animals

in ordinary " quiet " attitudes. Take, for instance, Fig. 33,

where some young Great Tits are shown sunning themselves.

The author says, " They went about it quite deliberately, flying

over to a part of the garden that they otherwise neglected,

just where a slope in the ground caught the full blaze of the

sun. Here they would spread themselves out two or three at a

time, settling their feathers edgewise to the sun, so as to take

in all the heat they could." For the photographs themselves we
have nothing but praise, but Mr. Sharp has been most unfor-

tunate in the way the block maker has treated the results of his

skill and patience. The backgrounds have in most cases been

cut away, presumably by the mechanical " process engraver."'

In this work no discrimination has been made in many cases

between i)arts of the birds and parts of the background, and

,as a consequence, in .some of the illustrations portions of the

background have been left as thongh they belonged to the birds,
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while, in others, parts of the birds have been cut away in

mistake for the background. In this way, many of the i)hoto-

graphs have been spoilt, and we need only instance tlie figures

opposite to page 4ri, where the legs, beaks, and tails of the birds

have greatly suffered by this merciless pruning. We hope that

a favourable reception of his book will induce Mr. Sharp to

give us further ' chats " about the birds of his garden, and that

no mechanical engraver will be allowed in future to "improve ''

the photogra|ihs.

" ExPKRiMKXTs IN Aeko-dy.namiis.'' By S. P. Langley.
(Published by Smithsonian Institution.)—This classical work
reappears in a fresh edition, with but little addition to the
subject matter as published in IS',11. The central fact, on which
depends the importance of the long and exhaustive experiments
dealt with, is practiciUy a refutation of the statement found in

elementirj' text-books, that if a ball be shot from a cannon
horizontally at any given height alx)ve the ground, and if a second
ball be dropped vertically at the s;ime instant as the discharge,

the two projectiles will reach the ground at the same time.

Substituting for the cinnon ball a thin material ])lane projected
horizontally in its own plane, Prof. Langley shows that the
body behaves almost as though deprived of weight, supplying
thereby a phenomenon possibly analogous to that of the rapid
skater travelling in safety over thin ice. The general conclusion
to which the ma-ster experimentalist is led is that we already
possess in steam engines iis now constructed, or in other heat
engines, more than the requisite ])Ower to urge a system of rigid

jdanes tlu-ough the air at a great velocity, making them not only
self-sustaining but capable ot ciirrying other than their own
weight. The volume must remain one of the most unique and
valuable of the Smithsonian contributions to knowledge.

"Aerial Navk:.\tion.'' By Frederick Walker. (Crosby
Lockwood & Son.)—The author of this unpretending little

volume, " the aim of which," we are informed, " is to convey
elementary instruction in a popular manner," has succeeded in

packing a certain amount of useful and practical matter within
its hundred and fifty pages. The opening chapter introduces

us to a comparison of the capabilities of winged creatures, from
the albatro.ss to the flying fish, and is of a readable nature. The
succeeding chapters, however, deiiling with Aerostatics and
Aerodynamics, are, unfortunately, difficult to follow, giving the

idea of having been compiled in too great haste. In addition

to mere slips ot the jien, there are loosely- worded sentences

which are ungrammatical or obscure, and instances where
formulae are faulty and statements or reasoning inaccurate. As
e.\amples we may point to the following :

— '' Altitude in feet

(A) may be computed from the log. of barometer reading in inches

(A) from the formula 4771 - 6 X 6-ilili) X t =: A, where 4771 is

M log.," and to a very remarkable sentence or two on page 16.

A chapter dealing with air-ships is copiously illustrated and well

compiled for the purposes of a technical manual. Whether the

little volume will bo found to be really what it professes to be—" a practical handbook on the construction of dirigible

balloons, aerostats, &c."—may perhaps be doubted, but it is

not without information valuable to the mechanic, and contains

useful tables which will be handy for reference.

'TnK Primrose and Darwinism.'' By A Field Naturalist,

M.A.CCAMB.). xiv. + 'JSS pp. ((xraiit Richiirds.)—It will be

admitted that an author sets before himself no easy task when
he tries to show that Darwin's famous observations on the

cross- fertilisation of flowers were for the most part faulty, and
that the accepted theories, based on these observations, are

unscientific and absurd. Such, however, is the object of the

present book. The author repeatedly criticises Darwin's use of

the net to exclude insects from the flowers under observation
;

yet he does not, we believe, bring forward any experimental

evidence that the net really has the sterilising influence he

attributes to it. He is surely acquainted with the method of

blank experiment! Similarly, commenting upon Fritz Midler's

observations upon orchids, he says the flowers were, " in all

probability, under jirotection in a greenhouse," and then

proceeds to criticise the "probable' conditions of the experi-

ments. Further, in face of Darwin's explicit statement that
" the cowslip is habitually visited during the day by the larger

humble-bees, and at night by moths,'' the critic includes the

cowslip in a list of "a dozen of our brightest and most con-

spicuous common flowers which are rarely, and in some cases

never, visited by bees at all." It is interesting, therefore, to
find the anonymous author declaring that " for Darwin to sot
up as a juilgo in Nature's divorce court . . . transgresses a little,

wo think, the bounds of modesty.'' In sjiito of the flaws wo
have indicjited, we believe Darwin would have been the first to
welcome this volume. It at least makes clear the necessity for
further investigation of the subject. The twenty-three illustra-

tions arc admirable.

"Astronomy with ax Oi'i'.RA-fJi.ASs. A Popular Intro-
duction to the Study of the Starry Heavens with the Simplest
of Optical Instruments." By Garrett P. Serviss. Eighth
Edition, (llirschfeld Brothers.)—This is a re-issue of the eighth
edition, published by D. Appleton and Co. in Ig'.'G. Instead
of the dark-blue cover of the earlier book, where fair Andro-
meda hangs chained in a starry sky, and a pair of opera-glasses
occupies the right-hand corner of the foreground, the volume
is now clothed iu green with a picture of Saturn and his Kings,
in exact conformity with "The Pleasures of a Telescope,' and
" Other Worlds,'' by the same author. This cover is not so
appro])riato to this book as to the others, since Saturn offers no
opportunities to the astronomer with an opera-glass, save that
of tracing his slow motions through the stars. Those who have
read anything from Mr. Serviss' pen will not need any recom-
mendation of the jirescnt volume. His close acquaintance with,
and enthusiasm for his subject, his fresh and easy style, render
all his writings attractive, and he is especially at home in the
subject of this present volume. He has not confined himself
in it to a mere description of the objects as they may be seen
with a binocular, but has supplemented it by what has been
learned concerning them by means of more powerful instru-

ments, and by the histories, folk-lore, and traditions that have
come down to us concerning them. Perhaps the most inte-

resting account in a book where there is nothing dull is that
of the Pleiades. He relates the traditional or proved changes
in the brightness of the various stars and of the nebula ; of
Merope, who married a mortal and whose star therefore became
dim amougst her sisters; of Eleclra, whose tears at the burning
of Troy blotted out her star ; of Asterope, the reputed spouse
of Mars. Electra is now the brightest star of the group save
Alcyone ; Asterope is only visible in the glass ; whilst iterope
now shines plainly to be seen with the naked eye. And from
this Mr. Serviss deduces the quite unastronomical moral that,
" notwithstanding an occasional temporary eclipse, it is, in the
long run, better to marry a plain mortal than a god." In this

new issue it is to be regretted that no notice is taken of the
changes of the new star in Perseus, nor of the great naked-eye
comet of PJOl, both of which offered good fields for observation
with the opera-glass.

"Index to the Literatcre of the Spectroscope (1887-
mOlt, BOTH iNri.usiVE)." By -\lfi-ed Tuckerman. 1<H)2.—This
is one of the Smithsonian Miscellaneous Collections, and is a
continuation of the ])revious Index by the siime author pub-
lished in 1888. It consists of two parts—Author-Index and
Subject-Index. The preparation and publication of these
bibliographies places the student under a very heavy debt to
Mr. Tuckerman. There seems, however, one criticism to be
made on the manner in which Mr. Tuckerman has carried out
his task—viz., that the papers catalogued are by no means
confined to spectro.scopy, but embrace a considerable number
relating to general astronomy, selected without any obvious
pur])ose, and, in many cases, not even remotely connected with
the title of the bibliography. This is a pity, as, on the one
hand, it unduly swells the book, and may often cause the
student to refer to papers that have no reference to his special
line of research, whilst, on the other hand, it entirely fails to

fill the larger ]>rogramme of a bibliography of astronomy as a
whole.

" Manual of Astronomy." By Prof. C. A. Young, pii.d.,

LI..D. (trinn & Co.)—Prof. Young has already issued two
text-books in astronomy, " The Elements of Astronomy," and
" (ieucral Astronomy,'' both of which arc models of their kind.
The present book is for the u.se of those who find the first not
sufficiently extended for their purpose, but for whom the
second is too largo for convenience. A most excellent
text book it is, clear, full and yet not redundant, from the
" Preliminary Considerations and Definitions,'' which con-
stitute Chapter 1., to the Appendix, giving instructions for



282 KNOWLEDGE. [December, 1902.

thu calculutioiis of eclipses, and many tables of the elements of
the solar system, of comets, of the motions siikI paralkxes of
slurs, and of variable and double stars. The index itself is not
such as other indexes are, but following the name of each
astronomer is the date of his birth if known, and if unknown,
a note of interroj^ation. The date of death is also given, if

this has taken place, and if otherwise a long dash acts as a sort

of ttieineiitti iimri. The text-book is one that will prove of
eminent practical value to the working astronomer. We would,
therefore, like to see incorporated in its next edition yet more
fcibles and formulic, such as the astronomer is always needing,
and for whicli he caii very rarely trust his unaided menioi'3'.

The formulic for the solution of spherical triangles would \)Tovo

most useful, and it might not be imjiossible to devote a few
])ages to a set of four-figure logarithms, an addition which would
make the book a most com])lete one. Prof. Young gives an
interesting and serious explanation of the fact that when high
in the sky " the moon appears about a foot in diameter." lie

attributes it to " the physiological fact that our muscular sense
enables us to judge moderate distances pretty fairly up to 80 or
100 feet, through the " binocuLar parallax " or convergence of
the ej-es upon the object looked at. Beyond that distance the
convergence is too slight to be perceived. " It would seem tliat

we instinctively estimate the moon's distance as small as our
sense will permit when there are no intervening objects which
compel our judgment to put her further off." There are one or
two minor errors. Thus on p. 41, the 3-ft. reflector presented
to the Lick Observatory by Mr. Crossley was made by Mr.
Calver, not by Mr. Common, as Prof. Young says, Mr. Common
bought it from Mr. Calver and sold it to Mr. Crossley. And
on p. 54, the almucantar is used in England in the University
Observatory of Durham, not of Cambridge.

" Explanations of Terms and Phrases in Enulish
History." By W. T. S. Hewett. (Elliot Stock.) This is a
very useful companion to the general reader in English history,

and the plan of the book is capable of considerable extension.
Some of the definitions are loose and inadequate, but we hope
the compiler may be encouraged to return to the subject, when
we would suggest the insertion of authoritative definitions
wherever that is possible.

The Ir/s!i Ndltiralisl for November is devoted to a si)ecial

report of the British Association meeting at Belfast. A general
account of the meeting, and of the papers read and excursions
made, is given, but the valuable part of the report consists of
the abstracts of papers dealing specially with Ii'ish natural
history, read in the sections devoted to geology, zoology,
geography, and botany. Irish naturalists, and all interested in

the natural history of la-eland, should procure a copy of this

issue of our contemporary.

Messrs. F. E. Becker & Co., of Hatton Wall, have sent us an
elaborate catalogue of balances, scales and weights, containing
more than one hundred pages of illustrated descriptions of all

kinds of balances and weights used in scientific work. The
educational value of practice in the exact use of accurate balances
is great, and the introduction of this work into the schools may
be induced by the production of such instruments for the use
of students at reasonable prices. We would recommend all

those who are interested to obtain a copy of this catalogue.

We have received from Messrs. Isenthal & Co. a copy of the
Catalogue of Max Kohl, of Chemnitz, for whom they are sole

agents in the United Kingdom and its Colonies. This
remarkable catalogue covers probably all instruments required
in the various branches of physics, as well as apparatus for
chemistry.
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THE BACKBONE OF LEINSTER.
By Grenville A. J. Cole, m.k.i.a., f.g.s.

The Backbone of Leinstcr has been previously referred

to* as a typical Irish representative of the great Caledonian

folds, which run north-east and south-west aci'oss so many
mountainous regions in our islands. It is the most con-

tinuous featui-e of eastern Ireland, and its rounded

summits, clad with heather, and from 2000 to 3000 feet

above the sea, rise from a moorland seventy miles in

length.

As I write in my study on the little ridge of Tulla,

Tulach-na-nespuc, the meeting-place of Irish and of Dane,

I look across the rough hedgerows and the valley, to where

the gorse flares on the first slopes of Carrick mines. The
granite crops out in bare knobs among the bushes, and
forms, with its smooth natural slabs, a paving for the

paths across the hills. On the left rises the grey quavtzite

cone of CarrickgoUogan, and from this point the ground

falls to the wooded demesnes along the sea. On the

borderland, a square grey tower stands suggestively, a

castle of the English Pale, set between the cultivated

lowland and the moor.

On the right of this broad landscape, the great dome-

like mountains rise, one beyond another, the first promise

of the wilds of Leinster. We can see the bare granite

again on the slopes above Glencullen ; and after that it is

almost all granite, away south-west through Carlow, and
down to the heart of Waterford. The highest point visible

in the distance is Dolice Mountain—pronounced Djowse

—

2384 feet above the sea. Long after the foothills have

become green in springtide, Douce may gleam white in the

morning sunlight, and tell us that fresh snow has fallen

all along the range.

• "The Structui-e of Ireland," Ksowlkboe, Vol. XXI. (1898), p. 76,
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It is hard to believe tliat the strivts of Dublin lie only

seven miles away in the f^reat limestone j.lain ; and Dublin
has always known and felt the nearness of the Leinster

moors. Even to this day, the coast and [lort, and the

lower valley of the LifFey, are largely held and worked by

men of l-'nglish names ; the highland that calls us i>ut from
Dublin at the end of each southward-stretehiug avenue is

still, to all intents, the land of the O'Tooles and the

O'Byrues.
The mouth of (he Liffey, and the deltas of old glaeial

gravel along the shore, were an obvious temptation for

the Norsi' invaders. After plundering the islands, the

sea-kings grew bold and settled on the land ; they found
Dublin a group of green ratlis guarding a river-ford, and
they made it a busy port and city. None but a sea-faring

people need have used Dublin as their capital. The
central Irish fell on it from time to time, and- the

Scandinavians sought safety in alliance with the hill-men.

Even Brian, after a month of plundering, left the city to

be reocoupied by the enemy ; to be king in Ireland was to

be lord of the great central ]ilaiu. And thus it came about
that the Normans, in 117(1, took Dublin from their old

Norse kinsfolk rather than from the Irish.* From first

to last, Dublin was a stronghold of the stranger.

Strongbow's Normans, with his southern allies, actually

sur{)rised the city by coming down on it across the granite

hills. ()ut of the same hills, and creeping through the

woodland, on a fatal day forty years later, the O'Byrnes
and O'Tooles in turn fell on the men of Dublin. Two
hundred years passed, in which the English forces were
again and again broken on the highland, and still a

battle had to be fought at Bray, at the seaward end
of the landscape we have just described, where the

O'Bvrnes were taught for a time to regard the limits of

the Pale.

"Within their highland, however, they were always safe

enough. The great fight in the ravine of Glenmalure,
where Lord Grey's army was shot down by hidden
musketry, reads like an Elizabethan version of some
mishap in the late Boer war. In l.'J91, again, young
Hugh Roe O'Donnell lied from his prison in Dublin
straight to the iinconquered hills ; and few will grudge
him his successes of the next ten years. In the bitter and
unreasoning days of 1798, six centuries after Strongbow
captured Dublin, the Backbone of Leinster was still to be
reckoned with, as the natural rival of the plain.

Strangely enough, and yet appropriately, the denuding
forces of rain and rivers, and the storm-winds that swirl,

from south-east or south-west, round the northern angle
of Slieve Roe, are still bringing to light the features of

an older Ireland. Eras ago, the region was covered by
the muds of a Silurian sea, and graptolites possessed what
now is solid land. Then came the great stresses of the

Caledonian folding, and the beds were crumpled from
south-east to north-west, in common with those of Wales,
the Lake District, and Scotland. Judging by the features

laid bare in the Scotch Highlands, and to some extent
repeated in Donegal, this epoch of earth-movement
produced veritable mountain-chains. The mass of up-
heaved sediment was at any rate sutficient to allow of the
consolidation of giunite beneath its arches as it came to

rest ; while the upward folding went on, the igneous
magma followed, and occupied the hollows of the rising

chain.t

* See Joyce, "A Short History of Ireland," 2nd ed., pp. 207 and
256.

t Compare SoUas, " Q-eology of Dublin and its Neighbourhood,"
Proc. ami. Attoc., Vol. XIII. (1895), p. 107.

This profound change in the geography of the Britisli

area occurre<l without obvious warning. It is true that
volcanic eruptions had converted the Welsh Sea into an
archijielago in Ordovician limes, and cones were spouting
out lava and scoriie both north and south of the site of

Dublin. But the Gotlandian (Upper Silurian) period had
been far more peaceful. One little volcano ex])loded in

the west of Kerry, where its tutfs and agglomerates are

brilliantly seen at the present day ; but the sea-Hoor

showed no sign of upheaval till near the end of the period,

and the ash.beds of Ordovician times were already safely

buried in marine deposits. Then came the great waves of

the earth's crust, rising in some places only to subside

again, but in others perpetuated, where they struck on
some resisting mass below. An old north-western Anha'au
continent probably provided the obstacle in our area; and
Cambrian, Ordovician, and Gotlandian beds were thrust

against it, and were pressed over one another as the waves
continued to advance. Forced uj) l)y the same earth-

pressures, molten matter flowed in from below, attacking

the walls of its caldrons and oozing into every crevice.

When this matter ultimately cooled, the long anticlinals

remained supported by solid granite cores.

This was the state of things when the Devonian lakes

began to gather in the hollows of the land. A certain

settlement of the ground assuredly went on, since no new
continent can become at once exactly balanced amid all the

complexities of the crust. The volcanic eruptions which
left such traces in the Scottish Old Red Sandstone, and of

which we have hints in Kerry and Tyrone, probably mark
the weak lines in the Devonian land. Besides the actual

tuffs and lavas, a multitude of dykes, and new intrusions

of granite, cut through the Caledonian folds, and show us

the dangers to which the continent was exposed. The vast

thickness of the Old Red Sandstone indicates, moreover,

that the lake-floors were steadily sinking as deposition

went on in them.

Thus it came about that the sea again asserted itself,

and marine beaches and mud-flats spread across the

Devonian layers. For a long time certain high masses
stood out as promontories and islands, and the rivers

continued to wear them down, and to add their di'hris to

the conglomerates forming on the shore Judging, how-
ever, from the occurrence of remarkably pure beds of

marine limestone close against masses of Caledonian land,

atmospheric denudation was not very active, and the corals

and other organisms flourished undisturbed in littoral

waters. At the north end of the Leinster Chain we have
the most complete pi-oofs, often referred to by geologists,

that the denuding forces had already worked down to the

granite core. In one or two quarries Ix'tween Dublin and
the hills, lumps of granite occur scattered in the limestone,

together with flakes of altered Ordovician shale. Some
difficulty has been raised as to how these materials came
down in isolated patches from the mounti-ins ; but they

may rejireseut the last relics of submerged granite knobs,

just as banks of subangular gravel represent the lost land

off our modern Atlantic coast. The striking Inch con-

glomerate in the Old Red Sandstone beds of Kerry, the

origin of which is quite unknown, is an extreme example
of the same kind.

The fine black mud that darkens so many layers of the

Dublin limestone, and even j)rovides material for bricks,

was doubtless also derived from the waste of Caledonian
land. The Leinster Chain stood there, then as now, looking

down upon the sea, with the quartzites and slates of

Howth and Bray forming rugged islets a little to the east.

The dead Ordovician volcano of Portrane and Lambay
doubtless formed another island to the north, with quaint
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Ciirboiiiforoiis trees fjatherin^ on its tlanks. Tlie seenery,

Init for the greater proportion of schist tliat still ovt-rlay

the j^ranile core, was essentially that of the ])res('nt day.
The sea-lloor then sank, until the witters spi'eail across the
Irish niiillauils, and tiually covered the stuliborn heights
of Donegal. By the opening of the Upi)er Carboniferous
ejioeli, the Backbone of Leinster was probably entirely

submerged.
The striking Iandsca])e of early Carboniferous days was

thus buried in soft liniestone-inud, in shell-banks and
coral reefs, and seemed for ever lost to view. Coal-
Measure forests stretched across the country, which, in

])liu;e of mountain ridges, now exhibited a monotony of

sandy and swampy tlats. The Hercynian uplift, however,
altered these conditions ; new folds set in, accommodating
themselves to the unseen Leinster Chain below ; the arch
of Coal-Measures and limestone was broken away piece-

meal from the buried mass of mountains ; and at last the
granite itself again began to tie revealed.

Denudation at tirst was slow enough, through the arid
Triassic days ; but, little by little, the ancient features were
restored. Even the great glacial incident at the close of the
Cainozoic era only moulded the general outlines, and left

undulating mounds of gravel against the severer mountain-
slopes. These glacial deposits, which have been largely
re-arranged by rivers, are nowadays mostly cultivated, and
can easily be picked out, as smooth green areas, under the
heather-clad or rocky hills. They often fill the old notches
and stream-cuts of pre-glacial days. When we speculate
as to the age of this or that valley in the Leinster Chain,
we are tempted to ask if any of them can belong to the
remote and primary Caledonian drainage system. There
must have been original transverse valleys, which became
flooded and infilled by the deposits of the Carboniferous
sea. Can any of these have survived, to be re-excavated
by the streams of later days ?

Let it suifice that modern denudation is paring away
the Carboniferous Limestone from the antique surface of
the hills. The glacial gravels show how vast a quantity
of this limestone has been broken up in recent
times. And the loug-lost Caledonian highland, perhaps
reduced to half its former height, emerges along
the present lines of foothills, and forms the central

granite moors.
When Mr. Weaver,* in 1818, first gave a detailed

account of the structure of the Leinster Chain, he traced
the junction of the granite and the schists from Killiney
southward. He noted the interlamination of granite and
mica-slate in Glenmalure, and the cap of the latter rock
left behind three thousand feet up on Lugnaquillia.
Weaver says that the passes across the range were in his

day scarcely practicable, even in summer ; and Glenmalure,
which is now abandoned, seems then to have been the best

of them. The military road, made after 1798, to command
the heads of the glens, gave Weaver access to the
interior of the range.

In our time, there remain large central tracts which are
scarcely ever traversed. They lie remote from any cart-

track, and are difficult to visit in a day. But the chief

beauty of the mountains lies in the contrasts betAveen the
granite and the stratified foothills. The streams that form
broad basins on the central moorland give rise to caiions

in the jointed rocks of the lower ground. The grey
quarlzite of the Bray series forms a series of striking

summits between the sea and the main watershed ; while
the splintery Silurian shales, converted along the junction
into gleaming mica-schists, weather into rocky slopes, on

* "Memoir on the Geological Relations of the East of Ireland,"
Trans. Oeol. Soc, Ser. I., Vol. V. (1821), p. 117.

which the lines of stratification are apparent. Where
the granite has eaten into them, as at Luggela, near
Jloundwood, or on the crest of Douce, or down against
the sea in the typical section of Killiney, andalusite ami
garnet have developed ; and a banded structure is often
found in the adjacent granite. This was noted by Weaver,*
who speaks of it as an approach to gneiss ; and Sollasf
regards it as due in some places to original flow, and in

others to pressure acting on the solid mass, in continuation
of the forces that uphejived the Caledonian chain. The
granite has been stated to l»e but little modified by
absorjition of matter from the walls of its caMron ; but it

often becomes richer in dark mica near its margins, and
assumes here and there the aspect of a composite gneiss.

On the whole, however, as Haughton long ago pointed out,

it jjreserves a remarkable uniformity throughout the length
of the great mass.
To those who would appreciate the structure of the

chain, and the contrasts of scenery on its flanks, the famous
Military Road offers a ready introduction. There are

some five miles of climliing on it out of Dublin, until we
reach the watershed, where we are far up on the old Slieve

Roe, a region of heather and high-lying peat, with the

crag above Lough Bray prominent before us in the south.

Most of the rock-exposures and romantic river-clefts lie in

the older Palaeozoic foothills ; the granite furnishes a
gathering- ground for the streams, and its long slopes are

only here aud there broken by a cirque or some uuburied
talus. The lower Lough Bray lies in a semicircular

hollow, which was once occupied by a residual glacier, aud
so remained protected while other craggy features

disappeared. It is divided from the upper lake by a huge
glacial dam, from which we look into a second cirque,

carved out originally when the denuding forces were more
severe. Already the grass is climbing across the old rock-

walls, and the deltas of sand, formed of fragments of

felspar aud quartz and mica, are spreading out into the lakes.

Lough Tay, farther south, has similarly been invaded by
the green delta of Luggela ; and the fine crag above it

belongs to the older order of mountain-landscapes. Only
the young granite ranges, like the Mont Blanc maasif. the

Pelvoux, or, in their own small way, the Mournes, retain

their array of peaks and pinnacles. Even among the

Mournes, or the equally Cainozoic Red Hills of Skye,

the decay and rounding-oft' of the older features

are already obvious. The characteristic smooth dome
is already prevalent in these wind-swept granite

uplands.

If we i^limb again from the last cottage at Lough Bray,

we find, in a waste moorland, the infant Liffey rising as a

mountain-stream. It pours down a fine and wooded
valley to the east, aud then cuts deeply into the Silurian

shales. At Pollaphuca, " Puck's Pool," the cascade and
chasm are the last highland feature ; the river then goes

off wandering into the limestone lowlands of Kildare,

bends northward at KilcuUen, and finally cuts through

the recent and glacial gravels on its way to the sea at

Dublin. M\id-brown and commercial though it may be

within the city, two miles out it speaks of the unbroken

country. At Lei.xlip (the " salmon-leap "), the name
reminds us of the Norsemen, the strong sea-power that

founded Dublin ; but the water, pouring across the rocky

ledges, is still fresh from that larger Ireland which waits

for us ou the Leinster hiUs.

* Op. «7.,p. 132.

t "Contributions to a knowledge of the G-ranites of Leinster,"

Trans. R. Iris/i Aead., Vol. XXIX. (1891), pj). 11)2 and 4i)f)-502i

also "Geology of Dublin," Fror. Oeol. A.uoc., Xol. XIII. (18'.>.5)

pp. 108-111.
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Conducted by M. ICrp^^
Progkamme for 1903.—It is intended in future to devote a

larger amount of space to Microscopy than hitherto, and by the

cooperation of specialists to publish articles treating on
different departments of both the popular and scientific sides.

Among those who have promised to contribute are the

following :—Mr. Rousselet, " How to Collect Rotifers," and
"How to examine Pond Life under the Microscope"; Mr.
C. U. Soar, " The Collection, Examination and Preservation of

Water Elites '
: Mr. Earland, "Coccoliths and Coccoopheres "

;

Mr. AVeschr, " The Mouth Parts of the Tset.se Fly in comparison
with those of the Gnat, (iad Fly, etc.," and notes on entomo-
los;ical subjects ; Mr. F. Noad < 'lark, " The Photography of

Dpaque Objects" ; Mr. Sanger Shepherd, "' Photo-Micrography
in Natural Colours ''

; and other similar articles will appear.

It is ho|)ed that these new arrangements will greatly increa.se

the value of the microscopical notes, and maintain the interest

which has so far been evinced.

As occasion offers, specimens will be offered for distribation

as in the past year, and the assistance of readers who may be
able to spare interesting material for the purpose will greatly

increase the usefulness of this section. It is hoped that some
Spongilla, spicules of sponge, etc., will be available for the
January number.

Po.ND-LiKE Coi.LEcriNC. IX DECEMBER.—Severe weather in

this country does not, as a rule, set in in December, and the
lakes and ponds are not usually frozen over in the early part of
the month. The winter fauna has now become more pronounced,
but includes quite a number of Infusorians, Rotifers aud
Crustaceans. The following species of Rotifers have been
collected in December in lakes and canals in and round London,
some of them in great abundance : Anurira aouleata and
cm'hleariii, Asplanihna brii/lifirflti and lyriudoiild, lirachimius

angulai-in, Diaxchha .temiajierla, Euchlanis dejiexa. Melicerta

riiigens, Oeci.iti's cri/ntiillliiun, Limnias rcrat>jjjlii/lli, Floacularia
cornuta, Si/iiclueta jjectinalJ and fremuhi. Conochilu't unicjrnis,

Rotifer vulgaris and marriirus, Pohjarlhra platyptera, Sullmlca
scajihii, Triarthra lungiieta. Of Crustaceans, Diaplomas
i-(/.v?o/- and various Ci/clups and their larvae are abundant, whilst
Waterfleas die down. A minute red flagellate Infusorian often
seems to form the chief food-material of the above lake fauna.

A few of the principal collecting grounds for Pond-life in and
near London may be mentioned. The nearest ami most con-
venient available piece of water is the Grand Junction and
Regent's Canal, which runs from east to west, on the northern
side of London, from Victoria Park to Hanwell, and is readily

approachable wherever access can be gained to the towing path.

Then all the great parks have a lake, such as Victoria Park,

Regent's Park, Hyde Park, Richmond Park, Wimbledon
Common, etc., which all afford good collecting grounds. Smaller
ponds are found in abundance in fields and commons in and
beyond suburban London, and I need only mention a few such
places : Epping Forest, Higham Park, Hauley Wood, Totteridge,

Hampstead Heath, Ealing Common, Hampton Court, Patney
Common.
MiCRoscoTE Construction.—The fact that the majority of

the British makers of microscopes have to a greater or less

extent conformed to an orthodox pattern of microscope stand,

would lead one to imagine that for the time being, at any rate,

finality had been arrived at, and that the best possible in

microscope stands was at the disposal of microscopists. The
Continental people, with very slight exceptions, also adhere to

a model which is wonderfully uniform, so far as its advantages
are concerned, in the different makes.

The " Xelson " model microscope, supplied by C. Baker, was
practically the prototype of all the later tripod foot instruments,

but is the tripod foot as at present made the best possible for

convenient working '/ What is the real advantage of having

straight legs to the front instead of those which may be slightly

curved, so that access to the subsfcige and its apparatus (especially

in microscopes of small size) may be as conveniently attained as

in those microsojies which are built on a horseshoe base 'i*

Microscopists are at last realizing the advantages derivable

from a tripod foot, but it is very desirable that disadvajitages

associated with this pattern should be removed. There is still

room for a fine adjustment which shall be carried by the rack-

work instead of itself carrying the rack work portion of the

instrument. Swift's " Climax," which he still fits to his

" Challenge " aud " Paragon " stands, is one of the best devices

of this kind, but the laboratory worker wants a fine adjustment

milled head in the usually accepted place at the back of the

limb.

The mechanical stage certainly needs a greater range of

movement, and the milled heads should be below the level of

its up])er surface. The Continentil makers get over this

difficulty bysup))lying controlling heads of very small diameter,

which of necessity cannot impart that fine movement which is

to be found in the British microscopes. Mr. Nelson many
yeiirs ago devised a mechanical stage having vertical rack-work

movement only, and in order to bring the controlling milled head

below the level of its surface, fitted the rack itself beneath the

main plate of the stage.

The difficulty that always arises in giving a long movement
to a stage is that of the upper lens of the conden.ser fouling the

plates!, but this can be obviated, especially with the smaller

mounts carrying the achromatic condensers which are so largely

coming into vogue.

Then a greater range is required in the body length. I have
had specimens sent to me for examination by readers which
have been covered with a glass which could only justly be

described as attenuated window pane. The wonder is that any
self-respecting microscopist could ever spoil his objects by
protecting them with such covers. Some 1 have been unable

to examine with a high power at all, while others for critical

examination have necessitated an exceedingly short tube-length,

sometimes four inches only. This cannot be arranged on the

average present day model of microscope.

Then—for amateur purposes especially—it is often felt that

there should be a greater interval between the upper surface of

the stage and the lower part of the limb of the microscope.

The modern microscope is built very closely, and the earlier

type, such as the Swift " Challenge " mentioned above, is

altogether superior in the comfort it affords in this respect.

A handle by which to lift the microscope has been provided

in Zeiss' new photographic stand ; this is a convenience which
would be much appreciated in other microscopes.

Such matters as these which have been referred to can be

more easily incorporated in a microscope of large size than in

the popular medium-sized models, but it is to be hoped that the

inventive faculty may not become dormant in microscopical

matters— there is room for improvement yet.

It is impossible to deny the tribute that is duo to Messrs.

Powell & Lealand for the prevision which caused them to

incorporate many of these features in their large model stand.

Jly own feeling has never been in favour of a coarse adjust-

ment on a bar fitting ; it certainly does not meet the needs of

every class of worker in a way th;it the more recently designed

stands have done. Could not the better points of the Powell
stmd be incorporated in other instruments by the exercise of

ingenuity ?

Micro. Pro.iection.—A very large number of those people
who pos-sess microscopes also have a magic lantern, and a con-

siderable amount of jileasure can be imparted by the ])rojection

of micro, specimens upon the screen. Several neat attachments
are made to screw into the magic lantern in place of the
ordinary lens, and, with suitable condensers and the use of the

ordinary micro, objectives, fair results can be secured. It is

essential that limelight be used as the illuminant, or, preferably,

an arc lamp; anything less than either of these produces dismal

results.
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Xotliing is more popular than the jirojection of i)oiid life

upon a screen; as this is a suhj.^ct which, in the exhihiting of the
commoner and larger forma, does not call for the use of high
ma'jnifications, it can he done with fucility. Specimens to be
exhibited should he placed in a trough having a small interval
between the base and the cover, so as to keep the objects, so far
as possible, in one plane. Also the area for free swimming
should be a restricted one. Rotifers and some of the smaller
subjects could be well shown by placing them in an excavated
8li|> .and covering them with a thin cover-glass

; compressors
and live-cages also have their uses.

]$ut apart from this one subject there is a large range of
general objects which would always prove of interest, and the
suggestion of selfishness which is frequently attributed to the
niicroscopist, working by himself, would be removed, and an
opjmrtunity afforded of giving interesting pleasure to many
others.

NOTES AND QUERIES.
C. Iplon.—l would dehydrate the lichen in absolute alcohol.

Clear in clove oil, then wash away all trace of oil with repeated
changes of benzole or naphtha ; infiltrate and embed in paraffin
wax ; cut sections, wash away paraffin with benzole or turpentine
and mount in Canada balsam.

Seco.—The photographs you send are very nice and sharp.
Xo. ] seems to be correctly exposed, but No. '2 appears to be
a little over exposed : the detail, however, is nicely shown.
The method of ascertaining the magnification when photo-
graphing is to project the line of a stage micrometer on the
ground-glass screen, and then by measuring the intervals between
the magnified lines the magnification can be at once known.

C. Pnulter.—Both the specimens you send are Sertidaria
opei-culata.

G. n. Johnson.—Your query is replied to by the notes
which appear in these columns.

H. Taiflor.—It is a little difficult to reply to your question
without knowing how your objects are mounted. As you
incidentally mention pond life, it is to be assumed that you are
trying to get a dark ground illumination with objects in troughs.
I would suggest that, first of all, you tried to get a black back-
ground with an ordinary transparent mounted object such as
spicules of sponge or diatoms. With an Abbe Illuminator you
will find it necessary to let the front of the top lens practically
touch the object glass, aud it is essential that the black patch
stop that is used shall be of suitable size. Also do you s-hade

the light of the lamp from the upper side of the stage of the
microscope? "With these precautions there should be no
difficulty in obtaining a good black background with the
arrangements you make when using the 1-inch or J,-inch, but
j'ou must not expect a black background with a ji-inch objective.
You might get an inferior one by using the Iris Diaphragm at
the back of the objective, but it is really not worth the
trouble.

0. Healh.—I know of no work that gives the anatomy of the
whole order of Insecta ; there are special bonks such as Huxley's
" Invertebrata ' which gives an account of the cockroach (£/aWa
ririentftlix), commonly known as the "black beetle,'" Lowne's
"Anatomy and Physiology of the Blow-fly,'' and Miall's
" Harlequin Fly.'' Packard's " Entomology for Beginners" is

an excellent wullum in parvo. Have you a copy of Kirby and
Spence's book on insects V This is at once one of the most
informing and interesting books you can read.

Communicatinns and enquiries on Microscopical matters are
cordially invited, and should be addressed to M. I. CROSS,
Knowledge Office, 326, High Holhorn, W.C.

NOTES ON COMETS AND METEORS.
By W. F. Denning, p.k.a..s.

Perrine's C'oukt (1902b).—This comet passed throiigli its peri-

helion on the morning of November •24th, and has travoUed too far to

the south to continue visible to nortliern observers. It was at its least

distance from the earth on October 8th, and, theoretically, should
have been at its greatest brightness on that date, but comets usually

oiliihit an inrronsi' in light as tboy npproaeli the sun and the present (one appeared fully as conspicuous during the thinl week of October \
,

as it did at any previous ilate. After traversing the constellations
Scorpio. Centaurus and Argo Navis, the comet will return northwards,
and, entering Cauis Major, will be visible at about the middle of
February in a position five degn^es S.K. of Sirius, when it will be a
little brighter than at the time of its discovery on September Ist.
Ob.scrvations of Ibis comet will be exceedingly numerous and extend
over a lengthy period. Many photographs of its aspect when nearest
to the earth in the early part of October will also be available for
discussion, in fact there will be an abundance of materials both for
the computation of the definitive orbit ard for the investigation of the
physical appearance and changes of the object. There i* every reason
to sup)xwe that the comet is moving cither in a parabola or in an
ellipse of great cxeeutrieity.

Recent OB8KEV.iTrox3 of Meteobs.—Meteoric observers usually
have a busy time in July and .\ugust, but in 1902 the weather
conditions at many places prevented anything approaching a thorough
re-observation of the Perscids or of the multitude of minor showers
usually displayed at this productive epoch. Some fine meteors were
seen, while the Perseid system appears ti have exhibited normal
strength and to have given the usual evidence of the easterly motion
of its radiant. The following are a few of the positions determined
between .Tulv 27 and August 12:

—

July 27-



Becbubbr, 1902.] KNOWLEDGE 287

The Moo>!



288 KNOWLEDGE. [Decembeb, 1902.

0, 0. 0; W. H. Jones, 4, 0, 4 ; "Alpha," 4, 0, 4 ; "Taineii,"

5, 4, 4 ; G. A. Forde (Capt.), 4, 0, 4.

J. W. Dawson.—You are (|uite correct. I re<<ret. the
mistake in simple addition.

Lt.-Col. Damaniii.—A dual is a choice of two eqnallv
effective continuations on White's second move, a triple of
three, etc.

IF. H. Jone«.—Probably von will find tliat Q to R<>, in

No. 20, is defeated by 1. .
."

. PxKt.
Eiiiieiie Hciirij.—A(t(?r\. . . . Q to R2, in No. 19, Black-

is not conijielled to capture the Queen.

J. S. Davis. -Perhaps you could get some frieml to

show you why your solutions are incorrect.

"Tanien."—I do not understand what you mean by "a
problem in lettered notation, of E. R., or the writing from
E. a." Perhaps you could explain more clearly.

Mr. J. W. Dawson's score in the Solution Tourney
should have been 74, instead of 72, as stated last mouth.

Mr. H. F. Griffiths, 17, Alwyne Road, Canonbury, N.,

would like to hear of an opponent for correspondence play.

Mr. Griffiths describes himself as a medium player.

PROBLEMS.

No. 22.

'By indirection seek direction (mt.'

Black (t!).

« »^«
M

^^^-% ^%

s ».

»#-
«*^^

Wh.ie (IJ).

White mates in tliroe moves.

No. 23.

" Seeing the thing througli."

Black (G).

. M wm m

B Bl H 11^
w wM ^

\^\
White (Hi).

White mates in three moves;

No. 24.

' Weighty.

Whitk (11).

White mates in three moves.

CHESS INTELLIGENCE.

The Third Monte Carlo International Tournament will

take place early next year. It will probably be a two-
round competition, the players already invited being
Lasker, Marco, Maroczy, Mieses, Pillsbury, Schlechter,

Tarrasch, Tchigorin, and presumably Janowski. Dr.
Lasker is now engaged on a chess tour in the United
States. Mr. Pillsbury is at present in London, and has
recently made some important contributions to the theory
of the openings. By some very ingenious analysis he has
once more demonstrated the soimdness of the " Falkbeer
Counter Gambit," for some time apparently demolished
by Charousek. On the other hand, he has discovered a
.simple way of dealing with the " Gledhill " attack in the
French Defence, by means of which Black gets out of his

difficulties at an early stage and retains his numerical
superiority.

All manuscripts should beaddressed to the Editors of Knowledge, 326, High
Holborn, London ; they should be easily legible or typewritten. All diagrams

or drawings intended for reproduction, should be made in a good black

medium on white card. While happy to consider unsolicited contributions,

which should be accompiiuied by a stamped and addressed envelope, the

Editors cannot be responsible for the loss of any MS. submitted, or for delay

in its return, although every care will be taken of those sent.

Communications for the Editors and Books for Eeview should be addressed

Editors, Knowledge, 326, High Holbom, London.

For Contents of the Last Two Numbers of " Knowledge," see

Advertisement pages.

The yearly boimd volumes of Knowledge, oloth gilt, 8s. 6d., post free.

Binding Cases, Is. 6d. each
;
post free. Is. 9d.

Subscribers' numbers bound (including case and Index), 2s. 6d. each volume.

Index of Articles and Dlustrations for 1891. 1892, 1894, 1895, 1896, 1897, 1898,

1899, 1900. and J 901 can be supplied for 3d. each.

All remittances should be made payable to the Publisher of " Ehowlsdse.'

" Knowledge

'

Annual Subscription, throughout the world,

7s. 6d., post free.
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