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The development of the grub is carefully described by the 
author, and a "pseudo-nymph" stage is recognised intervening 
between the nymph and the pupa. The perfect insect bites off 
the lid of its cell, and comes out with perfect wings, deposits 
first of all a drop of urinary excretion, and makes a trial flight, 
then returns to take part in the labours of the colony. The cell 
is often used again for another egg. The first drones make their 
appearance with the beginning of July, an important fact for 
Siebold's experiments, for if the nest is to be used at all now is 
the latest moment; they have to be killed off, and all the remain
in!! larvre and pupre order to secure a colony con· 
si,;iing solely of virgins. The drones play a pitiable part in the 
nest-sneaking about in the empty cells. and behind the comb, 
not till the mouth of August are their generative organs fully 
developed, and then they make their first approaches to the fe
males. Their proceedings are minutely described, and it appears 
that they meet with many rebuffs from the busily-occupied 
workers of the hive, and that it is outside at a distance from the 
nest that their addresses are at length accepted by those of the 
larger females destined to become queens. Not all the large fe
males appear to have this destiny, and none appear to leave the 
nest until all the brood has been brought through, when (about the 
beginning of October) the nests become deserted. Only a few 
flattened old virgin wasps remain, who are killed off by the 
frosts, whilst the young queens have married and sought out 
for themselves winter quarters. Siebold distinguished black
eyed and green-eyed drones, and speculates upon tile signification 
of this difference. 

Having ascertained these and other matters relating to the 
Polistes in far greater detail than we have been able here to 
indicate them, Siebold was prepared to make his experiment. 
In the nest from which he wanted an answer to these questions, 
"can unfertilised Polistes females lay eggs which \vill develop ?" 
and if so, "of what sex will the parthenogenetically produced 
progeny be?" he proceeded to destroy the queen and all the 
eggs, larvre, and pupre in the cells with the greatest care as late 
as pos>ible in the season, so as to have as large a colony as 
possible left, the limit of the time being given by the date of the 
appearance of the first drone. The queens thus taken were 
used for careful histological study of the generative organs, and 
since in all cases Siebold found the 1-eceptaculum senzinis filled 
with moving spermatozoa, he was able to feel assured that he 
had really removed the queen in each case. We will merely 
direct the attention of those interested in histology to the minute 
description here given of the ovary, which in the main agrees 
with Leydig's, and of the receptaculum seminis, which in opposi
tion to Leydig, on account of its nerve supply, Siebold holds to 
be contractile. Atter waiting some days Siebold had the grati
fication of fiuding the first egg> laid in the cells of several of the 
nests from which he had removed queen, eggs, and larvre, and 
he felt convinced that they could only have been laid by the 
small virgin workers who alone tenanted the combs. The whole 
affairs of the colonies proceeded just as well as when the queens 
were there, and the virgins watched and worked with the same 
assiduity as had done their queen-mother. In some cases 
Siebold actually saw a worker deposit an egg, and such egg· 
laying workers, when anatomically tested, showed, firstly, in the 
presence of corpora lutea (the precise signification of which the 
investigator had ascertained by his histological studies of the 
ovary) that egg> had been extruded, and, secondly, in the com
plete absence of spermatozoa from the receptaculum seminis, that 
the insect was a virgin. OLlt of a hundred nests which he had 
begun to observe in one season, and out of one hundred and fifty 
in another, only some twenty or so in each case came through all 
the long series of accidents from weather, insects, birds, &c., to 
which they were necessarily exposed, and some of those which 
promised the best results and had cost the most pains came to a 
bad end in the very last days of the research. In order to deter
mine the sex of the wasps born from the eggs· laid by the 
parthenogenetic females, Siebold in most cases only allowed the 
development to proceed sufficiently far to enable him to recognise 
the sex by anatomical investigation, The drietl skin, however, 
of such grubs as were found dead in their cells afforded sufficient 
evidence of the sex. In all cases the parthenogenetic offspring 
was without exception male. The queen-wasps as we have 
mentioned also in the season lay eggs which produce drones, 
which are easily distinguished from the drones parthenogenetically 

by their larger size. It occurred to Siebold when he 
first ascertained that the queens produce drones that such drones 
might visit his virgin colonies, and thus his whole experiment be 

1 
nvalidated. He was, however, reassured on this point by a 

nearer acquaintance with the Polistes; for such drones are not 
born til! later than the period at which his small females laid 
their eggs, the event taking place at the end of J Llly, the 
latter .at the beginning ; and, furthermore, as we have noticed 
above, it is not till still later (August), when the experimental 
cells were long since all occupied with eggs, that the power and 
desire of sexu:tl activity comes to these drones. 

E. R. LANKESTER 
(To be continued.) 

ON INSTINCT* 
WITH regard to illstinctwehaveyettoascertain tile facts. Do 

the animals exhibit untaught skill and innate knowledge? May 
not the supposed examples of instinct be after all but the results 
of rapid learning and imitation? The controversy on this subject 
has been chiefly concerning the perceptions of distance and 
direction by the eye and the ear. Against the instinctive charac
ter of these perceptions it is argned that, as distance means 
movement, locomotion, the very essence of the idea is such as 
cannot be taken in by the eye or ear ; that what the varying 
sensations of sight and hearing .·correspond to, must be got at by 
moving over the ground by experience. The results, however, 
of experiments on chickens were wholLy in favour of the instinc
tive nature of these perceptions. Chickens kept in a state of 
blindness by various devices, from one to three days, when 
placed in the light under a set of catefully prepared conditions, 
gave conclusive evidence against the theory that the perceptions 
of distance and direction by the eye are the result of associations 
formed in the experience of each individual life. Often, at the 
end of two minutes, they followed with their eyes the move
ments of era wling insects, turning their heads with all the pre
cision of an old fowl. In from two to fifteen minutes they 
pecked at some object, showing not merely an instinctive percep
tion of distance, but an original ability to measure distance with 
something like infallible accuracy. If beyond the reach of their 
necks, they walked or ran up to object of their pursuit, and 
may be said to have invariably stmck it, never missing by nwre 
than a hair's-breadth; this, too, when the specks at which they 
struck were no bigger than the smallest visible dot of ani. To 
seize between the poiuts of the mandible at the very instant of 
striking seemed a more difficult operation. Though at time> 
they seized and swallowed an insect at the first attempt, more 
frequently they struck five or six times, lifting once or twice be. 
fore they succeeded in swallowing their first food. To take, by 
way of illLlstration, the observations on a single case a little in 
detail :_:_A chicken at the end of six: minutes, after having its 
eyes unveiled, followed with its head the movements of a fly 
twelve inches distant ; at ten minutes, the fly coming within 
reach of its neck, was seized and swallowed at the first stroke; at 
the end of twenty minute; it had not attempted to walk a step. 
It was then placed on rough ground within sight and call of a 
hen, with chickens of its own age. After standing chirping for 
about a minute, it went straight towards the hen, displaying as 
keen a perception of the qualities of the outer world as it was 
ever likely to possess in after life. It never required to knock its 
head against a stone to discover that there was ''no road that 
way." It leaped over the smaller obstacles that lay in its path, 
and ran round the larger, reaching the mother in as nearly a 
straight line as the nature of the ground would permit. Thus it 
would seem that, prior to experience, the eye-at least the eye 
of the chicken-perceives the primary qualities of the external 
world, all arguments of the purely analytical school of psycho
logy to the contrary, notwithstanding. 

Not less decisive were experiments on hearing. Chickens 
hatched and kept in the dark for a day · or two, on 
being placed in the light nine or ten feet from a box 
in which a brooding hen was concealed, after standing 
chirping for a minute or .two, uniformly set off straight to 
the box in answer to. the call of the hen which they had never 
seen and never before heard. This they did struggling through 
grass and over rough ground, when not able to stand steadily on 
their legs. Again, chickens that from the first had been denied 
the use of their eye> by having hoods drawn over their heads 
while yet in the shell, were while thus blind made the subject of 
experiment. These, when left to themselves, seldom made a 
forward step, their movements were round and round and back. 
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ward ; but when placed within five or six: feet of the hen mother, 
they, in answer to her call, became much more .lively, began to 
make little forward journeys, and soon followed her by sound 
alone, though of course blindly. Another experiment consisted 
in rendering chickens deaf for a time by sealing their ears with 
several folds of gum paper before they had escaped from the 
shell. These, on having their ears opened when two or three 
days old, and being placed within call of the mother concealed 
in a box or on the other side of a door, after turning round a few 
times ran straight to the spot whence came the first sound they 
had ever heard. Clearly, of these chickens it cannot be said 
that sounds were to them at first but meaningless sensations. 

One or two observations favourable to the opinion that animals 
have an instinctive knowledge of their enemies may be taken for 
what they are worth. When twelve days old one of my little 
protegls running about beside me, gave the peculiar chirp where
by they announce the approach of danger. On looking up, a 
sparrow-hawk :was seen hovering at a great height over head. 
Again, a young hawk was made to fly over a hen with her first 
brood of chickens, then about a week old. In the twinkling of 
an eye most of the chickens were hid among grass and bushes. 
And scarcely had the hawk touched the ground, about twelve 
yards from where the hen had been sitting, when she fell upon it, 
and would soon have killed it outright. A young turkey gave 
even more striking evidence. When ten days old it heard the 
voice of the hawk for the first time, and just beside it. Like an 
arrow from the bow it darted off in the opposite direction, and 
crouched in a corner, remained for ten minutes motionless and 
dumb with fear. Out of a vast number of experiments with 
chickens and bees, though the results were not uniform, yet in 
the great majority of instances the chickens gave evidence of in. 
stinctive fear of these sting-bearing insects. 

But to return to examples of instinctive skill and know· 
ledge, concerning which I think no doubt can remain, a 
very useful instinct may be observed in the early atten
tion that chickens pay to their toilet. As soon as they 
can hold up their heads, when only from four to five hours 
old, they attempt dressing at their wings, that, too, when they 
have been denied the use of their eyes. Another incontestable case 
of instinct rna y be seen in the art of scraping in search of food. 
Without any opportunities of imitation, chickens begin to scrape 
when from two to six days old. Most frequently the circum· 
stances are suggestive ; at other time;, however, the first attempt, 
which generally consists of a sort of nervous dance, was made on 
a smooth table. The unacquired dexterity shown in the caphtre 
of insects is very remarkable. A duckling one day old, on being 
placed in the open air for the first time, almost immediately 
snapped at, and caugllt, a fly on the wing. Still more interest
ing is the instructive art of catching flies peculiar to the turkey. 
When not a day and a half old I observed a young turkey, which 
I had adopted while yet in the shell, pointing its b\!ak slowly 
and deliberately at flies and other small insects without actually 
pecking at them. In doing this its head could be seen to shake 
like a hand that is attempted to be held steady by a visible effort. 
This I recorded when I did not understand its meaning. For it 
was not.11ntil afterwards that I observed a turkey, when it sees a fly 
settled on any object, steals on the unwary insect with slow and 
measured step, and, when sufficiently near, advances its head 
very slowly and steadily until within reach of its prey, which is 
then seized by a sudden dart. In still further confirmation of 
-the opinion that such wonderful examples of dexterity and cun
ning are instinctive and not acquired, may be adduced the signi
ficant fact that the individuals of each species have little capacity 
to learn anything not found in the habits of their progenitors. A 
chicken was made, from the first and for several months, the_ 
sole companion of a young turkey. Yet it never showed the 
slightest tendency to adopt the admirable art of catching flie; 
that it saw practised before its eyes every hour of the day. 

The only theory in explanation of the phenomena of instinct that 
has an air of science about it, is the doctrine oflnherited Associa
tion. Instinct in the present generation of animals is the pro
duct of the accumu.lated experiences of past generations. Great 
difficulty, however, is felt by many in conceiving how anything 
so impalpable as fear at the sight of a bee should be trans· 
rnitted from parent to offspring. It should be remembered, how
ever, that the permanence of such associations in the history of 
an individual life depends on the corresponding impress given to 
the nervous organisation. We cannot, strictly speaking, expe· 
rience any individual act of consciousness twice over; but as, by 
pulling the bell-cord to-day we can, in the language of ordinary 
discourse, produce the same sound we heard yesterday, so, 

while the established connections among the nerves and nerve
centres hold, we are enabled to live our experiences over again. 
Now, why should not those modifications of brain-matter that 
enduring from hour to hour and from day to day, render 'acqui. 
sition possible, be, like a ny other physical peculiarity, transmitted 
from parent to offsp ring? That they are so transmitted is all 
but proved by the facts of instinct, ,while these, in their turn, 
receive their only rational explanation in this theory of Inherited 
Association. 

ON THE TREE-FERNS OF THE COAL MEA
SURES, AND THEIR AFFINITIES WITH 
EXISTING FORMS* 

L INDLEV and Hutton describe two species of tree-ferns from 
the Coal Measures, both from the Bath Coal-field. I have 

been able to add eight species hitherto undescribed, chiefly through 
the assistance of Mr..J. M'Murtrie, of .. These belong 
to. groups, whtch are remarkablydtstmgmshed by peculi
anttes m the structure of the stems. Two of the groups belong 
to living forms, while the third is extinct, being confined to 
Palreozoic formations. Cauiopteris and Tubicaulis belong to the 
same type as the living ferns which possess stems, including 
under this term the humble stems (falsely caUed rhizomes) of 
many of our British species, as well as the arborescent ferns of 
warmer regions ; and excluding the rhizomatous forms like 
Pteris, Po!ypodium, and Hymenophyllum. In all these stems we 
ltave a central medulla, surrounded by a continuous vascular 

penetrated regularly by meshes, from the margins of 
whtch the vascu!ar bundle or bundles to the fronds are given off, 
and through whtch the parenchyma of the medulla is continuous 
with that of the stipes. In most tree· ferns the medullary axis is 
larger, and the bases of the stipes decay down to the circum· 
ference of the stem, but in Osmunda the persistent bases of the 
stipes permanently clothe the small vascular cylinder which en
closes a slender pith. To this latter form belongs the stipe with 
a dum bell-shaped vascular bundle, separate specimens of which I 
have obtained from the Coal Measures. These have been de
scribed both on the Continent and in this country, 1o1nder the 
name of Zygopteris, but they belong to Cotta's genus Tubicaulis · 
and they are very closely allied to a group of fern stems which I 
have already placed together under the name of Che!epteris. 
The stem structure of the common tree-fern is represented by the 
genus Caulopteris, of which I have six species of carboniferous 
age. 

The third and extinct group is represented by Corda's genus 
Stemmatopteris, only now known to be British, and by Psaronius 

is, however, not a separate ge!leric form, but only 
mternal structure of the stems of whtch Corda's _genus is the 
external aspect. The chief characters of Psaronius have been 
drawn from the structure of the aerial roots which invest the 
ster;n, from which, indeed, the generic designation was derived; 
whtle the structure of the stem itself has been overlooked. But 
this is really of the first importance, as will appear from the fol· 
lowing description which I have been able to make from a finely 
preserved specimen of an undescribed species in the British 
Museum, and from the figure3 of Cotta and Corda. The cir· 
cumference of the stem was composed of a continuous envelope 
of indurated tissue; within this there were perpendicular tracts 
of vascular tissue never penetrated by any mesh. Between these 
tracts the leaves were given off in perpendicular series, the large 
single leaf bundles coming right out from the central parenchyma, 
where they existed as well-formed bundles, filling up more or 
less completely the medullary cavity. In one form (Zippea) the 
leaves are opposite, and the great proportion of the circumference 
of the stern is made up of the persistent and common vascular 
tissue ; in others (species of Psaronius) the permanent elements 
of the stem consists of three, four, six or more perpendicular 
tracts. 

The first two groups are analogous in the arrangement of the 
of their stems to that which exists in the first year's growth 

of a dicotyledon. In both there is a parenchymatous medulla 
surrounded by a continuous vascular cylinder, which is perfo· 
rated in regular manner by meshes for the passage out of the 
vascular elements of the appendages. The stems of the third 
group have a structure analogous to that which is found in the 
stems of monocotyledons, for in both we have the vascular 
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