In Nature's Workshop.

By GRANT ALLEN.

" VIIL—ARMOUR-PLATED ANIMALS.

XA EN and monkeys, we all know,
1 are imitative creatures; but
there are few departments of
human life where man has
been so entirely anticipated
and at the same time surpassed
by the lower animals as in the invention of
armour. His cunningest devices of the
mailed fist order were none of them original.
If you examine a fine and fully-developed
suit of plate-armour, in the form which it
assumed at its highest zenith in the fifteenth
century, you will find that the trunk and limbs
were completely inclosed in a splendidly-
fitting jointed case of iron plates, all exquisitely
polished. The joints of these plates were
arranged in the most ingenious manner so as
to move freely over and under one another,
without exposing any part of the body for
a moment to the deadly chance of a sword-
lunge or a lance-thrust. For example, the
scale-like pieces which covered the shoulders
were cleverly protected at the edges by fan-
shaped projections, making it impossible for
an enemy, however quick and deft, to get at
the line of junction. The knee-caps, the
shoes, the elbows, the gauntlets, all the
minor parts of the caparison, were admirably
designed with great skill and care, so as to
afford the utmost possible security to the
wearer, and yet interfere as little as prac-
ticable with his freedom of movement. The
suit, as a whole, was a triumphant product
of the armourer’s art.  Yet if you look at the
lobster’s tail represented in No. 10, you will
see at a glance that all these clever devices
of man’s imagining had been invented and
patented long before by nature, and that the
elaborate workmanship of the Plantagenet
craftsmen, who cased knight and horse for
the battle-ficld or the tournament in movable
plaques of glistening metal, was but a poor
imitation of the ineffable skill with which
the unheeded crustaceans of the time pro-
tected every vulnerable portion of their
bodies from the assaults and attacks of their
submarine enemies. Gorget and visor and
greaves and hauberk yield in perfection of

fit and in absolute ease and freedom of
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action to the beautiful blue-black male of
these rock-haunting paladins, or to the
absolutely unassailable yet flexible corselets
of the little burrowing South American
armadillos.

It is interesting to notice, too, that just as
in the case of the prickly plants and animals,
so in the case of the armour-plated types,
members of the most dissimilar and unrelated
families, when circumstances happen to
call for the development among them
of mail-clad forms, produce on the whole
extraordinarily analogous suits of panoply.
They crop up everywhere. With the excep-
tion of the birds, which are never armour-
plated (for one can hardly conceive of a flying
ironclad), there is scarcely a single great
group in the animal kingdom which does not
number among its members one or more
such cuirass-bearing species: and all the
armoured types, from China to Peru, re-
semble one another in the most astonishing
manner. It seems as if even nature could
only find one central plan for coats of mail
Often, indeed, the resemblance is so close
between unallied kinds that only a naturalist
can perceive the deep underlying diversity in
the midst of so much apparent similarity of
external configuration. Just as a knight in
armour and a horse in armour seem almost
to belong to the same general group of
articulated animals, so the armadillo absurdly
resembles the tortoise, though one is a
mammal and the other a reptile: while the
similarity in type of the molluscan chiton
(No. 12) to the common wood-louse (No. 5)
is so close that it might deceive almost any-
one but the scientific observer.

As a good introduction to the tactics of
the plate-armoured class in general, I will
begin with some brief account of the curious
South African and Indian pangolins, or scaly
ant-eaters. No. 1 exhibits a typical specimen
of this quaint and belated race, the short-
tailed pangolin, various modifications of
which are found in most of the southern
parts of the Dark Continent, from the West
Coast and Mozambique to Zanzibar and
Somaliland, The pangolins are also a good
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independently developed an almost identical
mode of defence, and have learnt to tuck
away their head and tail, and their many
pairs of legs, within their smooth globular
armour exactly in the same fashion as their
South American prototype tucks his own
belongings away within his bony cuirass.
Even the muscular machinery for rolling and
unrolling the body and shell is absurdly
similar in the larger beasts and the small
ones. Many other examples of such globular
armour-plated animals occur in various groups
of lower types; but I leave them to the
ingenuity of the reader to discover.

Perhaps the most marvellous, however, of
all the mail-coated animals are our good old
friends, the common tortoises and turtles.
We have been so long familiar with their
shape, and with their extraordinary tunic of
bone and horn, that we have long ago ceased
even to wonder at them ; but if we were
shown a tortoise for the first time, and saw
him withdraw his head and legs at a touch
within the shelter of his shell, we should all
exclaim, ¢ What a surprising creature!” In
" order to understand the origin of the very
complete defensive armour in the turtle
group, we ought first to consider the bucklers
and hauberks of the crocodiles and alligators,
which, though much less perfect, lead up to
and explain the turtle’s panoply.

Crocodiles are, in essence, very big
lizards, though they differ technically from
the true lizards in some important points,
but resemble them in outer shape and in
most anatomical peculiarities. But their
chief and best-marked external feature is
their loose coat of movable scaly mail,
which stands to the solid, welded shell of
the turtles much as the old linked chain-
armour of the Norman conquerors stood to
the developed plate-armour of the later
Plantagenet period. Crocodiles have their
backs, tails, and the under side of their bodies
amply defended by square horny shields, which
move freely against one another at the edges.
In the more vulnerable parts, such as the
back, however, the wily crocodile does not trust
to the strength of these horny plates alone :
he has developed beneath them a similar
series of stout bony plaques, each of which is
neatly and deftly jointed at the edge with the
ones beside it. So perfect a safeguard in
its own fashion is this double set of armour,
horny and bony, that sportsmen will tell you
the only sure way to kill a crocodile is to hit
him in the eye: that is his one vulnerable
spot, his heel of Achilles: everywhere else, a
bullet glides off him harmlessly.  He lolls
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in the water unconcerned and winks at his
assailant.

Now, the turtle group are descendants,
apparently, of some ancient ancestor who
possessed a coat of movable armour extremely
like the plated suit of the existing crocodiles
and alligators. 1 venture to believe, even,
that crocodiles and turtles are remote offshoots
of the same original lizard-like stock, which
has variously specialized itself for various
walks of life under different conditions. All
turtles and tortoises possess what we call in
common language a shell, though science —
which always loves long words—prefers to
describe it as a carapace. The shell is bony,
and in almost all instances is actually welded
together into one with the backbone and
ribs, so as to form a single immovable dome-
shaped suit of armour. If you look inside
the dead shell, you will see the vertebre like
a chain running down the middle. There
are usually two shells, one covering the
upper part of the body and one the lower:
and in many species of tortoise— for their
name is Legion, the family being a very
large one—the head and legs can be entirely
withdrawn within the margin of the carapace.
In such cases, just as in that of the armadillo,
the gaps in the armour are neatly filled up,
for the exposed parts are covered on purpose
with hormmy masks or aprons, which thus
complete and round off the entire defensive
mechanism. The bony dome itself is also
covered with a skin or breastwork of horny
shields, which form the externally visible
portion of the shell, and are most interesting
objects for examination, because they exhibit
the origin and development of the whole suit
of armour. For the visible horny shell
consists in most species of quite distinct and
unwelded plates, much as in the crocodile,
only that they are not separately movable :
while the true bony shell beneath them con-
sists, on the contrary, of a single welded or
united piece, which, however, when one
comes to look at it closely, turns out to be
compound—shows by its lines and channels
that it was originally composed of distinct
plates, like those of alligators. Thus the
turtles preserve for us in their own bodies an
epitomized history of the course of their
development.

I have selected for illustration here three
species only among the many hundred kinds
ot the tortoise group now known to natural-
ists, in order to exhibit three successive
stages in the gradual obliteration of the
separate plates. No. 6 represents a land-
tortoise from South Airica, in which the
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instance of this curious adaptation to local
conditions.  The tortoises with humpy and
bossy scales, more or less quaintly coloured
(like the first here figured), are very con-
spicuous in museums: but in nature they
are often quite hard to distinguish from their
natural surroundings, even where they are
plentiful and basking in the open : for they
usually frequent rocky and pebbly spots, or
else jungles of dry grass: and their humps
and colours harmonize excellently with the
shapes and hues of the objects about them.
On the other hand, the smoothest forms are
generally mud-tortoises, which sun themselves
at their ease on logs in the water, or else
lurk among soft mud, and under these cir-
cumstances their smoothness makes them
less conspicuous to the few enemies whom
even their solid coats do not enable them to
set at defiance.

All the suits of armour with which I have
hitherto been dealing are quite permanent :
they cannot be taken off and put on again as
readily as a medizval knight-errant’s casque
and brigandine : indeed, since the turtle’s
coat and his backbone are, like the French
Republic, “one and indivisible,” he could no
more divest himself of it with safety than you
or I could change our skeletons, or get a
new skull to suit the fashion. But the next
suit of arniour of which I am going to speak
has that further peculiarity that it is shed by
its owner at periodical intervals—I mean the
lobster’s.  Everybody knows, of course, that
lobsters moult as much as canaries. They
begin life as tiny tadpoles or larva, about
half an inch long, in which stage they have
grotesquely big goggle eyes, like the dwarf in

2 pantomime, and swim about freely on the
surface of the water. You would never take
them for lobsters at all at this point in their
history : they have much more resemblance to
the uncouth larva of beetles and mosquitoes
than to their own demure and sedate parents.
After several moults, however, and several
perplexing alterations of form, like so many
crustacean ‘‘quick-change artists,” they arrive
at last at the adult lobster condition. Adult,
I say, because they have now attained their
final form : but not full grown: they go on
growing : and as the shell they wear fits them
tightly all over, and is composed of a single
piece, though much jointed, they have no
alternative but to cast it off bodily from time
to time, and develop a new one. When the
lobster is still very young, he does this at
frequent intervals: in middle life, he does it
once a year : but when he has grown old and
thoroughly hardened, he changes his suit a
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good deal less frequently. At the moulting
period he retires for a time into private life,
and changes his suit, like a gentleman that he
is, in a sequestered dressing-room, far from
observers.

Oddly enough, however, he grows &efore,
not after, he casts his shell That 1is to
say, he lays by material for new cells
and tissues inside his old coat, but he
does not plim them out, so to speak—
does not inflate them, if I may use a
metaphor which will be clear to all cyclists.
The raw stuff is there, but not the mere

filling. At last, when he has got everything

ready for the eventful change, he proceeds to
endue himself in his new suit of armour.
An entire soft shell grows round his limbs
within the old hard one; then the lobster
withdraws himself, leg by leg, claw by claw,
and swimmeret by swimmeret, from his dis-
used coat, and steps out of his skin, a brand-
new creature. Even the hard bits of the
interior—the shelly walls at the base of the
small legs—are shed wth the rest; for the
whole suit hangs together in one piece, the
inner parts being, in reality, mere folds of
the skin, doubled inward. The cast skele-
ton, when he has wriggled out of it, forms a
perfect model of a lobster, in fact, and looks
like a whole beast, till you discover that it is
empty. The real lobster himself, on the
other hand, after thus shuffling off his mortal
coil, emerges upon the world a new and
defenceless fleshy creature. It must feel
odd for him to find himself suddenly deprived
of his wonted mail. For in order to with-
draw his big claws from the shed skeleton,
and otherwise disengage himself from the
suit he has outgrown, he has to become as
soft as a jelly : in which condition he pulls
his limbs one by one through the narrow
chink of the huge pincer-like claws in the
most incredible fashion. As soon as the
moult is complete, however, he begins to
grow, or apparently grow, within the
new and swelling skin, at a rate which
might well astonish anybody but a mush-
room. He absorbs water through the thin,
jelly -like shell, and with it inflates the
animal tissues ; for before he takes off his
old coat he has made himself a new one,
perfect from head to tail, and waiting only
to bc hardened by a supply of lime, partly
laid up in his body beforehand, and partly
eaten for the purpose in the shape of other
shells, which he greedily devours and digests
in bulk at this stage of his existence. In a
few days the new shell has acquired the
consistency of a leathern jerkin, and by the
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