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FORMATION OF VEGETABLE MOULD, 
'I'lInOUOIl THE ACTION OF WORMS, WITH 

OnSEIWATIONS ON TUEIR HAUlTS. 

L.\T'fRODUCTION. 

Tm~ sbare wh ich worms have t..'\ken in the 
formation of the layer of vegetable mould, 
which covers the whole 8urf.'lce of the land 
in every moderately humid country, is the 
subject of the present volume. This mou ld 
is generally of a. blackish colour and a few 
inches in thickness. I n different districts it 
differs but little in appearance, although it 
may rest on various subsoils. The uniform 
6nene~:i of the particles of which it is com­

~i8oncofitschiefcbaracteristicfeatures; 
amI this may be well observed in any gravelly 
country, whom a reoontly-ploughed fie ld 



immediately adjoins one which has long re­
mained undisturbed for pasture, and where 
the vegetable mould is exposed on the sides 
of a ditch or hole. The subject may appear 
all illsigni6cant one, but we shall ijOO that 
it possesses some interest; and the maxim 
" de minimis lex non cumt," docs not apply 
to science. Even Elie de Beaumont, who 
generally undervalues small ~O'Cncios and 
their accumulated effects, remarks:· "L.'\ 
"couche tres-mince de 130 terre vegctale cst UII 

II monument d'nne hanta antiquite, et, par II! 

" fait de sa, permanence, un objet digne d 'oc­
II cuper Ie geologue, at capable de lui fournir 
"des remarques interessantes." Although 
the superficial layer of vegct.'\ble mould.'\s.'\ 
whole no doubt is of the highest antiquity, 
yet in regard to its permanence, we shall here­
after soo reason to believe that its componellt 
particles arc in most cases removed at not a 
very slow rate, and are replaced by otLers 
due to the disintegration of the underlying 
materials. 

As I was led to keep in my study during 
many months worms in pots filled with earth, 

··~.de060logiePn.tique.'lOm.i.l84j.p.H(). 
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r became interested in them, and wished to 
learn how far they acted consciously, and how 
much mental power they displayed. I was 
the more desirous to learn something on this 
head, as few observations of this kind have 
been made, as far as I know, on animals so 
low in tho scale of organization and so 
poorly provided with sense-orgaus, as are 
earth·worms. 

In tho y~ar 1837, a short paper was read 
by me before the Geological Society of 
London,·" On the Formation of ~ould, " in 
which it was shown that small fragments of 
burnt marl, cinders, &c., wbich had been 
thickly strewed over the surface of several 
meadows, were found after a few years lying 
at the depth of some inches beneath the turf, 
but still forming a layer. This apparent 
sinking of superficial bodies is due, as 
was fif'lst suggested t.o me by lIfr. Wedgwood 
of Maer Hall iu Staffordshire, to tho large 
quantity of fine earth continually brought 
up to the surface by worlllS in the form of 
ci\Stings. 'l'hesecal;tings are BOoner or later 

• 'TmnuctiulU Geolog. Soc.' VIIl v. p. 505. Read NO'l'tm­
bcr l.lb37. 
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INTRODUCTION. 

spread out and cover up any object left on 
the surface. I was thus led to conclude tbat 
all the vegetable mould over the whole COun­
try has passed many times through, and will 
again pass many times through, the intelitinal 
canals of worms. lIence the tcrm "animal 
mould" would be in some respects more 
appropriate than that commonly used of 
" vegetable mould," 

Ten years after the publication of my p,'lper 
~. D'A.rchiac, evidently influenced by the doc­
trines of Elie de Beaumont, wrote about my 
"singuliere thoorie," and objected that it could 
apply only to "les prairics basses et humides;" 
and that " les terres laboun!cs, les boiR, b 
prairies elevees, n'apportent atlctlne l,teuve 
11 I'appui dtil cette manicre de voir." - But)1. 
D'Archiac must have thus argued from inner 
consciousness and not from observat ion, for 
worms abound to an extraordinary degree ill 
kitchen gardens where the soil is continually 
worked, though in such loose soil they generally 
deposit their castings in any open cavities or 
withiu their old burrows instead of on the 
surface. lIensen estimates that there are 

• 'Uistoi~ tlea propb de la G601ogie,' tom. i. ISH, p. ~I. 
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about twice as many worms in gardens as in 
corn-fields.- With respect to "prairies 
eievCcE>," I do not know how it may be in 
France, but nowhere in England have I seen 
the ground so thickly covered with castings 
as on commons, at a height of soveral hundred 
feet above the sea. Inwoodsagain,iftbeloose 
leaves in autumn are removed, the whole 
surface will be found strewed with castings. 
Dr. King, the superintendent of the Botanic 
Garden in Calcutta, to whose kindness I am 
indebted for many observations on earth­
worms, informs me that he found, ncar Nancy 
in France, the bottom of the State forests 
ooveroo over many acres with a spongy layer, 
composed of dead leaves and innumerable 
worm-castings. He there beard the Professor 
of "Amenagement des Forets" Iccturing to 
his pupils, and pointing out this case as a 
"beautiful example of the natural cultiva­
"tion of the soil; for year after year the 
"thrown-up castings cover the dead leaves; 
I. tho result being a rich humus of great 
"thickness." 

• 'Zdt.cbrir~ rl.ir wiaelUCh:..ft. Zoologle,' B. uviii. UHi, 
1,·3(H. 
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In the year 1869, Mr. Fish· rejected my 
conclusions with respect to the I,art which 
worms have pl:\yed in the formation of yeget­
able mould,merely on account of their assumed 
incapacity to do so much work. He remarks 
that "considering their weakness and their 
"size, the work they are represented to 
" have accomplished is stupcndom~." Here we 
h::l.\'e an instance of that inability to !'!Urn 

up the effects of a. continually recurrent 
cause, which has often retarded the progrCR~ 
of science, 3S formerly in the case of geology, 
:\nd more recently in that of the principle 
of evolution. 

Although these several objections seemed 
to me to have no weight., yet 1 resolved to 
m:\ke more OiJserv:\tiODS of the same kind as 
those published, and to attack the problem on 
another side; namely, to weigh all the cast­
ings thrown up within a given time in a 
measured space, instead of ascertaining the 
rate at which objects left on the surface were 
buried by worms. But some of my ob­
servations have been rendered almost Huper­
fluous by an admirable paper by TIell~n, 

• 'GardenOl1'Chronicle,' April 17, 1869,p.U8. 
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already alluded to, which appeared in 1877.­
Before entering on details with respect to the 
castings, it will be advisable to give some 
account of the habits of worms from my 
own observations and from those of other 
naturalists. 

"lfy father's attention w-.called by Profeuor HelllleD W 
P. F .. Mull.r'. "'orkon EarthlliOmu in'Tid!lllkril"tforSkovbo0flii:: 
BlmdiiLlidt 1 and :!,Copeolul,gen, 1878, lie bad,bowever, 
no opportnnity of oolluiting Muller'. work.-~·. D 
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CHAPTER 1. 

Xjlture of the lil61 inhabited-Can Iivo long under 1I1Itel­
~octnrna!-W.nder about at uight.-Often lie doeato lbe 
mouthlor their burro .... " and.~ Ih lll lleItnlyed io lsr!;e 
numbe",bybird......-5tructure-Do oot r--eye.,bu\QII 
di.etinguilhbet .. eenligbtandd .... kn __ Relr .. tr.pidly1fbea 
bri~htlymumiD.led.Dotby.re8exaction-Po'll'l'ror.tteltion 

-Semith'fI 10 heat and oold-Completely de..f-Senaitiya 10 
\'ibratiOTll and 10 touch-~'eehle power of .mell-Tw­
brcntaJ ql1aliti_Nature of food-Omnivoroul-Digeetloo­
[.eAnli before oolngswa11owoo,mol8tened.witha f1uidoftbe 
I\~turoor the pallcreatic llecretion-i':xtra ... tomao::b.l digestion 
---Ql.lciferoUi glands, structure of-(:&lClU'OOUI concretiODI 
((lrmal in the anterior pAir of gtandl-The calca~ matte\' 
primarily an excretion, but IIeOOndarliyeervH to llCut.ral*tM 
aeidlgcncratedduringthedigeatil'fl l'l'OOe& 

EARTH-WORMS are distributed throughout the 
world under the form of :\ few genera, which 
externally are closely similar to one another. 
The British species of Lumbricus have never 
been carefully monographed; but we may 
judge of their probable number from thooe 
inhabiting neighbouring countries. In Scan­
dinavia there are eight species, according to 
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Eisen;· but two of these rarely burrow in the 
ground, and one inhabits very wet places or 
even lives under the water. We are here 
concerned only with the kinds which bring 
up earth to the surface in the form of cast­
ings. llofTmeister says that the species in 
Germany are not well known, but gives the 
same number as Eisen, together with some 
strongly marked varieties.t 

Earth-worms abound in England in many 
different stations. Their castings may be 
seen in extraordinary numbers Oil commons 
and chnlk-downs, so as almost to cover the 
whole surface, where the soi l is poor and the 
grass short and thin. But they are almost or 
quite as numerous in some of the London 
parks, where the grass grows well and the 
soil appears rich. Even on the same field 
worms are much more frequent in some places 
than in others, without any visible difference 
in the nature of the soil. They abound in 
paved court-yards close to houses; and an 
jnstn,nce wi ll be given in which they had 

• 'BidragtmBkllndi~ ... ienIOligoch.tfauna,'1871. 
t 'Diebiljetl:t beianntenArtenansderl<'amiliederReg:en­

wUrmer,'lIU;;, 
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10 CHAP, I. 

burrowed through the floor of a. ,yery damp 
cellar. I ha\Ta seen worms in black peat in a 
boggy field; but they arc extremely rore, or 
quite absent in the drier, brown, fibrous pent, 
which is so much valued by gardeners. On 
dry, sandy or gravelly tracks, where heath 
with some gorse, ferns, coarse grass, mOrE and 
lichens alone grow, hardly any worms can 
be found. But in many parts of England, 
wherever a path crosses a heath, its surface 
becomes covered with a fine short sward. 
Whether this change of vegetation is due to 
the t..'l.ller plants being killed by the oooasional 
trampling of man and animals, or to the flail 
being occMionally manured by the droppings 
from animals, I do not know.- Ou such 
grassy paths worm-castings may often be seen. 
On a heath in Surrey, which was carefully 
examined, there were only a few castings OIl 

these paths, where they were much inclined ; 

• Thereue'l'6o -ome reuon to beli6'1'e tbatprealurei.ao;:tually 

:~:::;~,:;El~:~:2 ~~:;:!:::.7.~::::E 
Chrooicle.' 1854,p. 619); "Anothercircum~tall()/lm theculu, .. 

~~~J~f ~lI~:; :~::i:;r~e: r~:~~. ~it~~~t :h~~ 
DO l:Mturecan cotltioue good." 
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but on the more level parts, where a. bed of 
fine earth had been washed down froOl the 
steeper parts and had accumulated to a thick­
ness of a few inches, worm-castings abounded. 
These spots seemed to be overstocked with 
worms, so that they had been compelled to 
sprcad to a distance of a. few feet froOl the 
grassy paths, and here their ca.stingA had been 
thrown up among the heath; but beyond this 
limit, not a. single casting could be found. A 
layer, though a. thin one, of fine earth, which 
probably long retains some moisture, is in 
all cases, as I believe, necessary for their 
existencc; and the mere compression of the 
soil appcars to be in some degree favourable 
to them, for they often abound in old gravel • 
walks, And in foot-paths across fields. 

Beneath large trees few castings can be 
found during certain seasons of the year, and 
this is app.."l.rcntly due to the moisture having 
been sucked out of the ground by the innu­
merable roots of the trees; for such places 
may be seen covered with castings after the 
heavy autumnal rains. Although most col' 
piccs and woods support many wormR, yet in a 
forcst of tall and ancient beech-trecs in Knole 
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Park, where the ground beneath was bare of 
aU vegetation, not a single casting could be 
found over wide spaces, even during the 
autumn. Nevertheless, castings were abun­
dant on some grass-co,"ered glades and in­
denta.tions which penetrated this forost. On 
the mountains of North Wales and on the 
Alps, worms., as I have been informed, are in 
most placcs rarc; and this may perhaps be 
due to the close proximity of the sub­
jacent rocks, into which worms cannot 
burrow during the winter so as to escape 
being frozen. Dr. McIntosh, however, found 
worm-ca.stings at a height of 1500 feet 011 

Schiehallioll in Scotland. They are numerous 
on some hills near 'l'urin at from 2000 to 
3000 feet above the sea, and at a great 
altitude on the Nilgiri Mountains in South 
India and on the Dimalaya. 

Earth-worms must be considered as terres­
trial animals, though they al'l) still in one 
sense semi-aquatic, like the other members of 
the great class of annelids to which they 
belong. M. Perrier found that their ex­
posure to the dry air of a. room for only a 
single night was fatal to them. On the 
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other hand he kept several large wonns alive 
for nearly four months, completely submerged 
in water,- During the summer when the 
ground is dry, they penetrate to a consider­
able depth and cease to work, as they do 
during tbe winter when the ground is frozen, 
'Vonns aro nocturnal in their habits, and at 
night may be seen crawling about in large 
numbcn;, but usually with their tails stiJl 
inserted in their burrows. By the expansion 
of this part of their bodie!<, and with the help 
of the short, slightly reflexed britst!es, with 
which their bodies are anned, they hold 
so faat that they can seldom bo dragged 
out of the ground without being torn into 
pieces.t During the day they remain in 
their burrows, except at the pairing season, 
when those which inhabit adjoining burrows 
expose the greater part of their bodies for 
an hour or two in the carly morning. Sick 
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IlABITS OF' WORMS. Cu,.I. 

individuals, which are generally affected bv 
the parasitic larv:a of a fly, muat all::lO be e;. 
cepted, 1\8 they wander about during the day 
and die on the surface. After heavy rain 
succeeding dry weather, an astonishing num. 
ber of dead worms may sometimes be soon 
lying on the ground. Mr. Galton iufonnd 
me that on one such occasion (March, 1881), 
the dead worms averaged one for every 
two and a half paces in length on a walk in 
BydePark, four paces in width. IJecounted 
no less than 45 dead worms in one place ill 
a length of sixteen paces. From the facU! 
above given, it is not probable that these 
worms could have been drowned, and if they 
had been drowned they would have perished 
in tlleir burrows. I believe that they were 
already sick, and that their deaths were 
merely hastened by the ground being flooded. 

It has often been s.1id that under ordinary 
circumstances healthy WOrDlS never, or very 
rarely, completely leave their burrows at 
night; but this is an elTor,asWhitcofSel. 
borne long ago knew. In the morning, after 
there has been heavy rain, the film of Jllud 
orof"ery fine sando"er granl.walks is often 
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ell"'p. 1. w~\...."mER FROY TUEIR nURROWS. 15 

plainly marked with their tracks. I have 
noticed this from .August to 1(ay, both months 
included, and it probably occurs during the 
two remaining months of the year when 
they are wet. On these QCC:lSiOIlS, very few 
dead worms could anywhcre be seen. On 
January 31, 1881, after a long-continued 
and unusually severe frost with much snow, 
as soon as a thaw set in, the walks were 
marked with innumerable tracks. On one 
ooo:lsion, five tracks were counted crossing 
a space of only an inch square. They could 
sometimes be traced either to or from the 
mouths of the burrows in the gravel-walks, 
for distances between 2 or 3 up to 15 yards. 
{ have Ilever seen two u·acks leading to the 
same burrow; nor is it likely, from what we 
shall preRCntly &,.'0 of their scnse-organs, that 
a worm could find its way back to its burrow 
after having once left it. They apparently 
le..'\Ve their burrows on a voyage of discovery, 
and thU8 they find new sites to inhabit. 

~(orrcn st..'\tcs- that worms often lie for 
hOUfS almost motionless close beneath the 
mouths of tbeir burrows. I have occasionally 
notiect1 the same fact with worms kept in 

•• De Lnmbrici terrestrit HisL Nllt.' &c., p. u. 



lG CUJ.P.I. 

pots in the house; so that by looking down 
into their burrows, their heads could ju~t be 
seen. If the ejected earth or rubbish Over 
the burrows be Buddenly removed, the end 
of the wonn's body may very often be lIcen 

l"J.pidly retreating. This btl-bit of lying near 
the surface leads to their destruction to an 
immense extent. Every morning during cer­
tain seasons of the year, the thrushes and 
blackbirds on all the lawns throughout the 
country draw out of their holes an astoniMhill~ 
number of wonna; and tbis they oould not 
do, unless they lay close to the surface. It 
is not probable that worms behave in tbi~ 

manner for the sake of' breathing fresh air, 
for we have seen that they can li,'c for a 
long time under water. I believe that they iiI' 
near tbe surface for the sake of warmth, e;. 

vecially in tbe morning; and we shall here­
after find that tbey often coot the mouths 
of their burrow8 with JeavCfl, apparently to 
prevent their bodies from coming into clOi!e 
contact with the cold damp earth. It ill !'aid 
that they completely close their burro"'"s 
during the winter. 

Structure.-A few remarks must be Jll.aIie 
on this subject. The body of a large wann 
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rapidity into their burrows. The mouth 
situated at the anterior end of the body, and 
is provided with a little projection (lobe or lip. 
as it has been variously called) which is used 
for prehension. Internally, behind the mouth, 
there is a strong pharynx, shown in the ac· 
companying diagram (Fig. 1) which is pushed 
forwards when the animal eats, and this part 
corresponds, according to Perrier, with the pro· 
trudable trunk or proboscis of other annelids. 
Tho pharynx leads into the 
each side of which in the lower 
aro three pairs of large glands, 
a surprising amount of carbonate of lime. 
Those calciferous gla.nds are highly remark. 
able, for nothing like them is known in all" 
other animal. Their use will be discuss~l 
when we treat of the digestive process. In 
most of the species, the resophagus is eniarge(l 
into a in front of the gizzard. This 
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latter organ is lined with n. smooth thick 
chitinous membrane, and 
is surrounded by weak 
longitudinal, but POWt:l 

ful transverse muscle.. 
Perrier &'l.W these mll!<c1~ 
in energetic action; antl,1l$ 
he remarks, thetritumlion 
of tile food mustoochiefiy 
effected by this organ, fi)f 

\1/ ~:--. ""-_' .-

i 
wanns possess no jawlI or 
teeth of any kind . Grain. 

~ of sand and small 

from the n to a 
}.~ c._ more thnn the rtr inch in 

diameter, may generally 
be found in their giZ7.ard~ 

~ and intestines. As it is 

'.,r. ':.~.I.,,",nolla. certain thatworm.'lswa\· 
":' low many little stonE"', in· 

Dio.grnm or the a1imen- dependently of thOf'le sw,al. 
tIIry cana! of an earth- lowed while cxCltyatiu:!' 
worm (Lumbricns), their burrows, it iA prob­

~~::: f~: H~_Q~~ able that they servo, lik~ 

~:::~~~ ~~j; ~~;~st~:'. ;he t~:;: 
opens into the inte-tim. 
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which nms in (\ straight course to the vent 
at the posterior end of the body. Tho intes­
tine prescnts a remarkable structure, the 
typhlo!iOIi ~, or, as the old anatomists called 
it, an intestine within an and Cla-
parMe· has Rhown that this of a 
deep longitudinal involution of the walls of 
the intCtJtine, by which means an extensive 
absorbent surface is gained. 

The circulatory system is well developed. 
Worms lmmtbe hy their skin, as they do not 
I>Ol.<8CliS any .spccial rcspirntoryorb.-ans. The 
two sexes are united in tLe same individual, but 
two individuals pair together. 'l'he nervous 
system is fairly well developed ; and the two 
almost confluent cerebral ganglia are situated 
very ncar to the anterior end of the body. 

8en.t l'.\,.- " 'orms are destitute of eyes, and 
at firtit I thought that they were quite in­
sensible to light; for those kept in confine­
ment were repeatedly observed by the aid of 
a candle, and others out of doors by the aid 
of a lantern, yet they were rarely alarmed, 
although extremely timid ani mals. Other 

• lIi~t.ol,~. UntemJchun~cD. ilber die n~n"·lirmer. '~it­
!Chriftrur,;~ ·: ocufl. ZOOlogle:B.xiz .... 18G9,p.Gl1. 
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persons have found no difficulty in observint> 
worms at night by the same means.- " 

Hoffmeister, that 
with the 

watch on many successive 
in pots, which were 
of air hy means plates. 
were approached very gently, in 
no vibration of the floor should 'Le cau~. 
'Vhen under these circumstances worms were 
illuminated by a bull's-eye lantern having 
slides: of dark red and blue glass, which in· 
terceptedsomucb light that they could beseen 
only with some difficulty, they were not at all 
affected by this amount of light, however long 
they were exposed to it. The light, as far 
as I could judge, was brighter than that from 
the full moon. Its colour apparently made 
no difference in the result. When they were 
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illuminated by a candle, or even by a bright 
paraffin lamp, they were not usually a.ffected 
at first. Nor were they when the light was 
a.lternately admitted and shut off. Some­
times, however, they behaved very differ­
ently, for as soon as the light fell on them, 
they withdrew into their burrows with 
almost instantfmcous rapidity. 'l'hisoccurred 
perhaps once out of a dozen times. When 
they did not withdraw instantly, they often 
raised the anterior tapering ends of their 
bodies from the ground. as if their attention 
was aroused or as if surprise was felt; or 
they moved their bodies from side to side as 
if fooling for some object. '1'heyappeared 
distressed by the light; but I doubt whether 
this was really thoca.se, for on two occasions 
after withJ.mwing slowly, they remained for 
a long time with their anterior extremities 
protruding a little from tbemouths of their 
burrows, in which position they were ready 
for instant anu complete withdrawal. 

When tho light from a candle was Call. 

centratcd by meaus of a large lens on the 
anterior extremity, they generally withdrew 
instantly i but this concentrated light failed 
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illuminated before the worms had come Qutof 
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different occasions might be explained, either 
by the degree of extension of their skin and 

its consequent traosparency, or by some 
particular incidence of the light; but I 
could diijCQver no such relation. One thing 
was manifest, namely, that when worms were 
employed in dragging leaves iuto their 
burrows or in eating them, and even during 
the short intervals whilst they rested from 
their work, they either did not perceive 
the light or were regardless of it; and this 
occurred even when the light was concentrated 
on them through a large leos. So, again, 
whilst they are paired, they will remain for 
an hour or two out of their burrows, fnlly 
exposed to the morning light; but it appears 
from what IIofTmeister says that a light 
will occasionally cause paired individuals to 
sep.unte. 

When a worm is suddenly illuminated and 
dashes like a rabbit into its burrow-to use 
the expression employed by a friend-we are 
Iltfirst led to look at the action as a rc£lcx one. 
The irritation of the cerebral ganglia appears 
to cause certain muscles to contract in an 
incYit.'\Lle manner, independently of the will 
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them, we 

HABITS OF WORMS 

being then absorbed; alld attention 
the presence of a mind. 
knows that he can approach 

CJu'.l 

they are fighting or coUl-ting, much 
at other times. The stat<!, 

also, of nervous system of the higher 
animals differs much at different times, for 
instance, a horse is much more readily startled 
at one time than at another. The comparison 
here implied between the actions of one of 
the higher animals and of ODe so low in the 
scale as an earth-wonn, may appear far-
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fetched; for we thus attribute to the worlll 
attention and some mento'll power, neverthe· 

ies:J I roo see no reason to doubt the justice 
of the comparison. 

Although worms cannot be said to possess 
the power of their sensiti veness to 
light enables them distinguish between 
day and night; and they thus escnpe extreme 
danger from the many diurnal animals which 
prey au them. Their withdrawal into their 
burrows during the day appears, however, 
to have become an habitual action; for 
worms kept in pots covered by glass-plates, 
over which sheets of black paper were 
spread, and placed before a north-east win. 
dow, remained during the day~time in their 
burrows and came out every night j and they 
continued thus to act for a week. No doubt 
a little light may ha.ve entered between the 
sheets of glass and the blackened paper; 
but we know from the trials with coloured 
gla~, that worms are indifrerent to a small 
amount of light. 

Worms appear to be less sensitive to 
moderate radiant heat than to a bright light. 
I judge of this from having held at different 
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times fL poker heated to dull rcdll('~'; lu"!ar 

some worms, at a distance whicu caul!Cd a 
very sensible degree of warmth in my hand. 
One of them took no notice; a t;eCt)lld with­
drew into its burrow, but 1I0t quickly; the 
third and fourth much more quick ly, anu the 

fifth as quickly as possible. Tho light frOlu 

a candle, concentrated by fL lens and pa><..ing 
through a shoot of glass which would iutcrcei't 
romt of the heat-rays, generally cau~ a 
much morc rapid retreat than did the ilealoo 
poker. "Torms are sensitive to a low temper· 
ature, as may be inferred from their II(>t 

ooming out of their burrows during a frOl-t. 
' Vorma do not possess any f;CIlSC of hearing. 

They took Dot tbe least notice of the "hrill 
notes from a metal whistle, which was re­
peatedly sounded Denr them j nor did tll£~y 

of the deepest and loudest tone80fa bassoon. 
They were indifferent. to shouts, if care \lace 
1:.c'lken that the breath did not strike them. 
Wben placed on a table close to the keyii of 
a piano, which was played a8 loudly a~ 
possible, they remained perfectly quiet. 

Although they are indifferent to undula­
tions in the air audible by Ufl, they an: 
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extremely sensitive to vibrations in any solid 
ohject. When the pots containing two 
worms which had remained quite indifferent 
to the sound of the piano, woro placed on 
this instrument, and the note C in tho bass 
clef was struck, Loth instantly retreated into 
their burrows. After a time they emerged, 
and when G above the line in the treble clef 
was struck they again ret!,catcd. Under 
similar circumst.'Ulces on another night one 
wann dashed into its burrow on a very high 
note being struck only OIlce, and the other 
worm when C in the treble clef was struck. 
On these occasions the worms were not 
touching tho sides of the pots, which stood 
in saucers; so that the vibrations, before 
reaching their Lodies, had to pass from the 
sounding board of the lliano, through the 
saucer, the bottom of the pot and the damp, 
1Iot "cry compact earth all which they lay 
with their tails in their burrows. They 
often showed their sensitiveness whcn the 
pot ill which they lived, or the table on 
which tho pot stood, was accidentally and 
lightly !:itruck; but they appeared less sensi­
tive to such jars than to the vibrations of the 
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piano; and their sensitiveness to jars varied 
much at different times. 

It has often been said that if the ground i, 
beatcn or otherwise made to tremble. worms 
believe that they are pursued by a mole 
and leave their burrows. From olle account 
that I have received, I have no doubt that 
this is often the case; but a gentJeman 
informs me tbat he Jately 8MV eight or ten 
worms leave their burrows and crawl about 
the gross on some boggy laud on which two 
men had just trampled while setting a trap; 
and this occurred in a part of Ireland where 
there were no moles. I have been assured 
by a Volunteer that he has often seen many 
Jarge earth-worms crawling quickly about 
the grass, a few minutes after his company 
had fired a volley with blank cartridges. The 
Peewit (Trbiga vaneilw, Linn.) seems to know 
instiucti\'ely that worms will emerge if the 
ground is made to tremble; for Bi~1top 

Stanley states (as I hear from 'Mr. Moorboust:) 

that a young peewit kept in confinement used 
to stand on one leg and beat the turf with 
the other leg until the worms crawled out 
of their burrows, when they werc instantly 
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devoured . Nevertheless, worms do not in­
variably leaye their burrows when the ground 
is made to tremble, as I know by haying 
beaten it with a spade, but perhaps it was 
beaten too violently. 

The whole body of a worm is scnsitive to 
contact. A slight puff of air from the mouth 
causes an instant retreat. The glass plates 
placed over the pots did not fit closely, and 
blowing through the very narrow chinks thus 
left, often sufficed to cause a rapid retreat. 
They sometimes percei ved the eddies in the 
air caused by quickly removing the glass 
plates. When a worm first comes out of its 
burrow, it generally moves the much ex­
tended anterior extremity of its body from 
side to side in all directions, apparently as an 
organ of toueh; and there is some renson to 
believe, as we shall see in the next chapter, 
that they are thus enabled to gain a general 
notion of the form of an object. Of all their 
senses that of totlch, including in this term 
theperc.:eption ofavibration,seems much the 
most highly de\·eloped. 

I n worms the sense of smell apparently is 
confined to the perception of certain odours, 
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and is feeble. They were quite indifferent to 
my breath, 3.slong as I breathed on them Ven-
gently. This was it appeared 
possible that they thus be warned of 
the approach of an enemy. They exhihited 
the same indifference to my breath whiJ~t I 
chewed some tobacco, and while a of 
cotton-wool with a few dmps of' 
perfume or of acetic acid was kept in my 
mouth. Pellets of cotton-wool soaked in 
tobacco juice, in roillefieurs 
paraffin, were held with weill 
waved aLout within two or three inclles of 
several worms, but tbey took no notice. On 
one or two occasions, however, when acetic 
acid had been placed on the pellets, the worms 
appeared a little uneasy, and this wa~ 

probably due to the irritation of their skins. 
The perception of such unnatural odours 
would be of no service to worms; and as such 
timid creatures would almost cert.'linly exhibit 

some signs of any mny 

conclude that they did thb~ 

odours. 
The result was different when 

leaves and pieces of onion were 
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both of which are devoured with much· relish 

by worms. Small square pieces of fresh and 
half..J.cc.'\yed ca.bbage-Iea.vcs and of onion 
bulbr; were on nine occasions buried in my 
potf>, beneath about! at' an inch of common 
garden soi l ; and they were a lways discovered 
by the wormfl. One bit of cabbage was dis­
covcl'C(i and removed in the course of two 
hours; three were removed by the next 
morning, that is, after a. single night; two 
otllCrs after two nights; and the scventh bit 
after three nights. Two pieces of onion were 
discovered and removed after three nights. 
Bit.!'! of li'Csh raw meat, of which worms are 
vcry foncl, were buried, and woro not dis­
coverell within forty-eight hours, during 
which time they had not become putrid. T he 
cnrth above the various buried objects was 
genem.lIy prcio'soo down only slightly, so as 
not to prevent the emission of any odour. 

On two occnsion~, however, tho surface was 
well watered, and was thus rendered some­

what compact. After the bits of cabbago and 
onion had been removed, I looked beneath 
them to !iCC whether the worms had acci­
dentally como up from below, but there was 
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no sign of a burrow; and twice the buried 
objects were laid on pieces of tin-foil wllich 
were not in the least displaced. It is of 
course possible that the worms whilst moving 
about on the surface of the ground, with tiu,;:ir 
t.'\i1s affixed within their burrows, may lla\'e 
poked their hends into the places where the 
above objects were buried; but I have Ilevu 

seen worms acting in this manner. Borne 
pieces of C3.bbage~leaf and of onion were twice 
buried beneath very fine ferruginous Rand, 
which was slightly pressed down antI well 

watered. so as to be rendered very compact, 
and these pieces were never discovered. On 
a third occasion the same kind of sand was 
neither pressed down nor watered, !\Ild tile 
pieces of cabbage were discovered and )'('­
moved after the second night. These several 
facts indicate that worms possess some power 
of smell; and that they disco\"er Ly this 
mealls odoriferous and much-<:ovcted kUIJlI 

of food. 
It may be presumed that all animals which 

feed on various substances possess the 8eD!iEl 

of taste, and this is certaiuly the caAe with 
worms. Cabbage-leaves arc much liked bI 
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worms; and it appears that they can dis­
tinguish betwccn different "arietics; but this 
may pcrhap!o; be owing to differcl1008 in their 
texture. On eleven occasions pieces of tho 
fi'l~"h lc..'wes of a common green variety and 
of the red variety used for pickling were 
gi \'on them, and they preferred tho green, 
t he red being either wholly neglected or much 
Ie:;:; gnawed. On two other occasions, how­
e\"ol', they S\,;'cmeJ to prefet the red. IlaJr­
dt..>eayed Icaycs of the red variety find fresh 
Icaycs of the green weTe attacked about 
equally. Whcnlcavesofthecabbage. horse­
muish (a fimlUrite food) and of the onion were 
given tog-ether, the latter werc always and 
maHifetoitly preferred. Leaves of the cab­
oogo, lime-tree, AlOpelopsi~, parsnip (Pasti­
naca), and celery (Apium) were likewibC 
gi\'cn together; and those of the celery 
were fil'!>t eaten. But when lea yes of cab­

La~e, tlll'nip, bect, wild cherry and 

the two latter 
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preferred tothoso of the lime·tree an<l l,azel 
(Corylus). According to ) l r. Bridgman til 

half-decay.eJ leaves of P/dv:t raM arc IJar­
ticularly hked by worms .-

PiCCCR of the Ic:wcs of cal)I~'lge, turn'. 
horse-radish and ollion wero left on tho po 
during 22 days, and were all attackC<.! RllJ 

had to be renewed; hut tile wll I 
of this time loave.'! of an all,l f 
the culinary sage, thyme and mint, mingled 
with the above leaves, wore quite Ilcglcetl.J 
excepting those of tho mint, which wero ~­

sionally and Ycry ~lightly nihhleJ . n 
latter four kinds of lefwes do not differ 
texturain a mannel' which could make tllCl1I 

disagreeable to worms; they all ita\,· I 

strong taste, but so have the four fil'l't ilL • 

tioned kinds of leaves; and the wide lliffd' 
('nee ill the result must be attrilmtL'1i to I 

preference by the worms for one tal>k O\" r 

another . 
• Venlal Qualitie8.-There is little to he saiJ 

on this bead. We hu\'e seen that wonn- Il:'e 

timid, It may be doubted whether II. J 

!;ulIer as much pain when injured, a~ tl.'Y 
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seem to cxprC&i hy their contortions. Judging 
by their ('tlgtrncss for <:ert. .. in kinds of food, 
they mW'lt enjoy the of eating. 
Their r;;cxual passion strong enough to 
overcomo fOf a time their dread of light. 

have a trace of social feeling, 
disturbed by crawling over 

bodie~, and they sometimcs lie 
in contact. Accoruing to Hoffmeister they 
pa.~ tho wintor either singly or rolled up 
with othef!! into a ball at the bottom of their 

Bridgman i awl we have seen that whcn thei r 
attention is engaged, they neglect impressiolls 
to which Ihey would otherwise ha,'e attended; 
anu attention illdica.tes the prescnccofa mind 
(.of f;Ollle kind. They are also much more 
el\Sily excitcJ at certain times than at otLerij. 
They pcrfOlm a few actions instincti\'\~ ly, that 

1>2 
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is, aU tl16 individuals, including tIle )'oun .... 
perform such actions in nearly the ,.., 
fashion. This is shown the 
which the species of eject 
castings,8oastoconstructto\\'Cl'S; 
the manner in which the burrows of 
common earth-worm are smo(>thly linedl wi'h 
fine earth and often with little 
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Bowers. But they will also consume fresh 
leaves, as I have found by repeated trials . 
.According to Morren - they will eat particles 
of sugar and liquorice; and the worms which 
I kcpt drew many bits of dry starch into 
their burrow~, and a large bit had ita angles 
well rounded by the fluid poured out of their 
mouths. But as tlJey often drag particles of 
soft stone, such as of chalk, into their burrows. 
I feel some doubt whether the st..'uch was 
used 8S food. Pieces of raw and roasted. meat 
were fixed several times by long pins to the 
surface of the soil in my pots, and night after 
night the wonns could be soon tugging at 
them, with the edges of tbe pieces engulfed 
in their mouths., so that much was consumed. 
Raw fat seems to be preferred even to raw 
me.'it or to any other substance which was 
given them, and much was consumed. They 
arc cannibals, for the two hah'es of & dead 
worm placed ill two of the pots were dragged 
into the burrows and gnawed j but as far as 
I could judge, they prefer fresh to putrid 
meat, and in so far I differ fromiloffmeister, 

• 'De Lllmbric(~tris lli~t. Nat.' p. 19. 
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kinds of food w11ich worms consume. Pal 
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f<CCretion of1hel1igher animals, are acted on 
by that from the pancrea.a.· 

The half-decayod or fresh leaves which 
wonns intend to devour, are draggeu into the 
mouths of their burrows to a depth of from 
one to three inches, and are then moistened 
with a secreted fluid. It has been assumed 
that this fluid serves to hasten their deroy; 
but a large number of leaves were twice 
pulled out of the burrows of worms and kept 
for many weeks in a very moist atmosphere 
under a bell.glass in my study; and tho parts 
which had been moistened by the worms did 
not decay more quickly in any plain manner 
than the other parts. When fresh leaves 
were given in the evening to worms kept in 
confinement and examined early on the next 
morning, therefore not many hours after they 
had been dragged into the burrows, the fluid 
with which they wore moistened, when tosted 
with ncutrallitmus papel', showed an alkaline 
reaction. This was repeatedly found to be 
the case with oelery, cabbage and turnip 
leaycs. Parts of the same lea ,'os which had 

• SchmulewilAcl:,'AClionde.f;uQdige.tirtturlaCellulOR.' 
Uull.de l'Aclotl. Imp. doSt.1't!t~l'1Ibourg,tom.J:Xv.p.5-I9. 18i9. 
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not been moistened by the wormll, Wel'1! 

pounded with a few drops of di"tilled waier, 
and the juice thuR extracted was not alkalin~. 
Some leaves. however, which had been drawn 
into burrows out of doors, at:m unk nown 
nntecedentpcriod,were tried, andtboug:hr. .. 1 

moist, they rarely exhibited c"en a iraca.f 
alkaline reaction. 

'I'he fluid, with which the leaves are bt.t1Ibl, 
acts on them whilst they arc fresh or nearly 
fresh, in a remarkable manner j for it quickly 
kills and discolours them. 'j '11u8 the end~ (J~ 
a. fresh carrot-leaf, which had Leen dral!'gt'l 
into a burrow, were found after tweh'e llOIJN 

of a dark brown tint. Leaves of cdt'r~', 

turnip, maple, e1m, lime, thin leaves of i\'~, 

and occasionally those of the calJl.l3gtl W ~ 

similarly acted on. The end of a leaf liZ 

Triticum repen.s, still attached to a growl/Ig 
plant, had been drawn intQ a burrow, and 
this part WM dark brown and dead, whiM the 
restoftbe leaf was fresh and green. Slo,ot>rJI 
leaves of lime and elm removed from Lurro"ltl 
out of doors were found affected in dilfereut 
degrees. The first chauge appears w],ethai 
the veins become of a dull reddish~rallj!t"o 
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The cells with chlorophyll ned lose more or 
leR"! completely their green colour, and their 
contents finally become brown. The parts 
thus affected often appeared almost black by 
reflected light ; but when "iewed as a tmns­
parent object under the microscope, minute 
specks of light were transmitted, and this 
was 110t the case with the ullaffectoo parts 
of the same leaves. These effects, how­
ever, merely sbow that the secreted fluid is 
higbly injurious or poisonous to leaves; for 
nearly the same effects were produced in from 
one to two days on various kinds of young 
leaves, not only by artificial pancreatic fluid, 
prepared with or without thymol, but quickly 
by a solution of' thymol by itself. On one 
occasion leaves of Corylus were much dis­
coloured by being kept for cighteen hours in 
pancreatic fluid, without any thymol. Witb 
young and tcnder leaves immersion in human 
I>ali\'a during rather warm weather, acted in 
the Ramemnnneras the pancreatic fluid, hut 
not so quickly. The leavcs in all these 
cases often became infiltrated with the 
fluid. 

Lnrge leaves from an ivy plaut growing 
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be more or 
palisade and mesophyll 
nothing but broken down 
These effects 

Cllu.L 

udation of the secretion through the epidermii 

into the cells. 
The secretion with Wllich wonns moi,1 

leaves likewise acts on the starch-granll1 
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within the cells. My flon examined some 
leaves of the a"h and many of the lime, 
which had tilllen off the trees and had heen 
l)''l.rtly draggoo into worm-burrows. It i8 
known that with fallen leaves the starch­
grains are preserved in the guard-cells of the 
stomaL'\._ Now in several cases the starch had 
partially or wholly disappeared from these 
cells, in the parts which had been moistened 
by the secretion; while it was still well pro-­
served in the other parts of the same leaves. 
Sometimes the starch was dissolved out of 
only one of tbe two guard-cells. The 
nucleus in olle case had di!;appcared, together 
with the starch-granules_ The mere bury­
ing of lime-leaves in damp earth for nine 
days did not cause the destruction of tho 
stal'ch-gmnules_ On t]le other hand, the im­
mersion of fresh lime and cherry leaves for 
eighteen houl's in artificial p<1ncreatic fluid, 
led to the dissolution of the st.'lreh-granules 
in the guard-cells as well as in tho other 
cells. 

From tbe secretion with which the leaves 
are moistened being alkaline, and from its 
acting both on the starch-granules and on 
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CALCIFEROGS GLANDS 45 

CukijerQu-'J GlulIds.-T he:;e glands (see 
Fig. l),judging from their 8ize and from their 
rich supply of blood-vessels, must be of much 
importance to the animal. But almost as 
many theor:es have Leen advanced on their 
use as there have been observers. They 
consist of three pairs, which in the common 
earth-worm debouch into the alimentary 
callal in a(lvlluce of the giz7 .... \rd, but pos­
teriorly to it ill U rockctn. and some other 
",renero.- The two posterior pairs are formed 
hy which, acconling to Clapal'ooe, 

from the ootiophagus.t 'rbese 
lnmelke nrc coated with a pulpy cellu lar 

with the outer cells lying fi·oo in in­
IlllmLel's. If oue of these glands is 

punctured all(l squeezed, n. quantity of white 
pulpy matter exudes, oonsititillg of these free 
cell!;. They nrc minute, alltl vary in diameter 
from 2 to 6 110• Theycontain in their centres 
a little exceSHively fine granular matter; but 
they look bO like oi l globules that ClaparedE." 

41;.1'"rril'r,'Arehh·e.de'ZooI0',;.cx pcr.'July,1874,J!P.416, 

~~whrlrtl11r\\'i.tllCneebart.Zoologie,'B.xiLl86D.l'll. 
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and when oxalate of amlOonia is adlJeJ to 
the solution a white 

casionally 
crystals or 
tween the lamellre; but seen o!ll~· 
one eliSE', and Claparcde only a \'cry few 

such cases. 
The two anterior glands differ a iiuh .. in 

shape from the 
more ovaL 
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tion of carbonate of lime, as much as I ~ mm. 
in diameter. When a gland inciudelJ on ly 

~;~:~!:~r~f):::a~tc:~~r~:i~~l~a:~iya:::~;:~::l~ 
The large concretions are round or oval, and 
exteriorly almost smooth. One was found 
which filled up not only the whole gland, as 

is often the c-'\!<c, but its neck; so that it 
Tc,.;embled lin oli"e--oil Bask in shape. The..'''c 
concretions when broken are seen to be 
morc or less crystalline in structure. TIow 
theyescapo from the g land is a manel; but 
that they do escape is for they arc 
ofto1l found in the gizzard, and 
in the of worms, both with 
kept in and those in l\ state of 
nature. 

Clapal'c4ie says Yery little about the 
strncture of the two anterior glands, auu he 
8uppo:;es that the calca reoUiI matter of which 
the concretions are formed is dcri\'cd from 
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lamcllre like those in the pOtSterior 
:lIld coated with cellular matkr he 

with a muititurleof 
readily soluble in [Ictti{' 

acid. 'When a gland is completely filleu with 
a single large concretion, there are no free 
cells, as these IJfwe been all consumed in 
forming the concretion. Butif such a con· 

en largement in one direction 

pipes would give rise to the lamellre.. .' 1 

Besides the free calciferolls cells III "hie, 
no nucleus was visible, other and rather 
larger free cells were seen on three occasi01J~, 
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and these contained a distinct nucleus and 
nucleolus. They were ouly so far acted on 
by ncetic acid that the nucleus was thus 
rendered more distinct. .A. very small con­
cretion was removed from between two of the 
IameJlre within an anterior gland. It was 
imbedded in pulpy cellular matter, with 
many freo calciferous cells, together with a. 
multitude of the larger, frce,llucleated cells, 
and these latter cells were Dot acted on by 
acetic acid, while the former were dissolved. 
From this nnd other such cases I am led to 
suspect that the calciferous cells arc developed 
from tJle larger nucleated ones; but how 
this is effected was not ascertained. 

When an anterior gland contains several 
minute concretions, some of these are generally 
angular or cryst.alline in outline, while the 
greater number are rounded with an irregu­
Jar mulberry-like surfa.ce. Calciferous cells 
adhered to many parts of these mulberry-like 
masses, and their gradual disappearance could 
be traced while they still remained attached. 
It was thus evident that the concretions are 
formed from the lime contained within the 
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• DeYries,'LaUl.lwirth,Jahrbiichcr,'lI::l81,p.17 
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l1:\ve been known to contain as mnch ns 
72 per cent. of lime. Worms therefore would 
be liable to become charb..oo. with this carth, 
unless there were some special means for its 
excretionj and the calciferous glands nre 
well adapted for this purpose. 'l'he worms 
which live in mould close over the chalk, 
often bave their intestines filled with this 
Rubstancc,and their castings are almost white. 
!Iere it is evident that the supply of cal­
e:'!"COus matter must be superabundant. 
Ne\"ertlleless with sc\·eral worm'> collected on 
such a site, the calciferous glands contained 
as many free calciferous cells, and fully as 
many and large as did the 
glands of worms which lived 
little or no lime; and this indicates that the 
lime is an excretion, and not a secretion 
poured into the alimentary canal for some 
special purpose. 

On the other band, the followingconsidern­
tions render it highly probable that the 
carbonate of lime, which is excreted by the 
glands, aids the digestive process under 
ordinary circumstances. Leaves during their 

E2 
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decay generate an abundance of vnrious kinds 
of acids, which have beeu grouped togelh~r 
under the tenn of humus acids. We shall 
Imve to recur to this subject in Our fiOh 
chapter, and I need here only say that tlH~se 

acids act strongly on carbonate of lime. The 
half.decayed le::wes which are swallowed in 
such by worms would, thel\'­

have been moistened and 
alimentary canal, be apt 10 

produce such acids. And in the case of 
several worms, the contents of the alimentnry 
canal were found to be plainly acid,3sshowD 
by litmus paper. This acidity cannot 00 
attributed to the nature of the digcstivefluid, 
for pancreatic fluid is alkaline j and we hal'e 
seen that the secretion which is pouredoutor 
the mouths of worms for the sake of pJ'eo 
paring the leaves for consumption, islikew~ 
alkaline. The acidity can hardly be due \1) 

uric acid, as the contents of the upper part or 

the intestine were often acid . In onero. ... 
the contents of the gizzard were slightly acid, 
those of the upper iutestines being mort 
plainly acid. In another case the conteni.s()f 
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the pharynx were not acid, those of the 
gizZc'\rd doubtfully so, while those of the in­
testine were distinctly acid at a. distance of 
5 cm. below the gizzard. Even with the 
higher herbivorous and omnivorous animals, 
tho contents of the large intestine are acid. 
" This, howover, is not caused by any acid 
"secretion from the mucousmembrano; the 
"reaction of the intestinal walls in the larger 
"M in the small intestine is alkaline. It 
"must therefore arise from acid fermenta­
.. tions going all in the contents tbem-
u 8el"cs ...... In Carnivora the contents 
"of the caecum are said to be alkaline, 
"and naturally the "amount of fermenta.tion 
.. will depend largely on the nature of the 
"food."· 

With worms not only the contents of the 
intestines, Lut their ejected matter or tbe 
castings, are generally acid. 'l'hil'ty castings 
from differcnt places were tested, and with 
three or four exceptions were found to be 
acid; and the exceptions may Lave been due 

• :'>1. l'OIIwr, 'A Ten·Book or l'hy.iol,,~y,' 2nu edit. 11:178, 
p.:.!43. 
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calcareous matter; and theso were not in 
the least acid. This shows how 

acids. 
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"tion ... • Therefore it seems highly probable 
that the innumerable calciferous cells, which 
are poured from the four posterior glands 
into the alimentary canal of worms, serl'e to 
neutralise more or less completely the acids 
there generated by the half·decayed leaves. 
We ha\'e seen that these cells are instantly 
dissolved by a small quantity of acetic acid, 
and as they do not always suffice to neu­
tralise the contents of even the upper part of 
the alimentary canal , the lime is perhaps 
aggregated into concretions in the anterior 
pair of glands, in order that some may be 
c.'lrried down to the posterior parts of the 
intestine, where these concretions would be 
rolled about amongst the acid contents. 'l'he 
concretions found in the intestines and in the 
castings often h:we a worn appearance, but 
",hetller this is due to some amount of 
attrition or of chemical corrosion could l10t 

be told . CJapati-de believes that they are 
formed for the sake DC acting as mill-stones, 
and DC thus aiding in the trituration of the 
food. They may gil'e some aid in this way i 

-ll.t'OOIIl'r,lItn'p.p.200. 

Darwin Online: By permission of the Trustees of the Natural 
History Museum (London) 



CIlUI. 

but I fully agree with Perner that this tn~ 
be of quite subordinate importance, ii€eirtg 
that the object is already attained LYblotle:l 

being generally present in the gizr..ards and 
intestines of worms. 



( 57 ) 

CllAPTER ll. 

nADITS OF WORlls-continued. 

Manner in which .onn. teize obj.m.-Their power or Buction­
'l'he instillct of plugging up the mouths of lhcirhurTQl't'lJ­
Su.m8l11iledoverthlburro .... _11\eJd~antagf!lthu5gainetl­
IntelligenDllbo1Vll by wonn, in their maonerof plngg'inl; up 
theirburro'lft-V.rioutltind.lofkt.v.andotherob~uthnll 
used-'I'riangICllofJllLlIer--SummaryofrealOul for believing 
thatwornue.xhibillOll1ointc!ligonOll-Yeanl by which Illey 
ezcavaletbeirburro".,bypuahinga1l'aytbeearthandlwa1-
lowing it-F.4rth allO .... &l.lo .. ed for the nutritiOOlllllltter 
wbichit OODlIiiIl8-Dcllth to whieh WOrlDS burrow, and the 
ooogtruelionoftllclrbnrrow_Uurrowslined,withcutinge, 
and in the upper JlIutwith h.'&v_Tbeloweatr-rt paved with 
little"ouelor~.-l[lUInerlnwhieh the caIIljnpare 
ejected-Theoolla!Moroldbu'ro~Diltributinnorworm.­
Tower-like cutinj.!ll In Uengal-Gigantio CIIllingB on tbe 
Nilgiri Mountain&-Outings ejected in.1t oollutriea. 

b the pots in which worms were kept, 
loaves were pinned down to the soi l, and 
at night the manner in which they were 
seized could be observed. The worms always 
endeavoured to drag the lc..wcij towards their 
burrows; and they toro or sucked off small 
fragments, whenever the leaves were sllfli~ 
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ciently tender. They generally seized tIle 
thin edge of a leaf with their mouths, between 
the projecting upper and lower lip; the 
thick and strong pharynx being at the same 
time, as Perrier remarks, pushed forward 
within their bodies, so as to afford a point 
of resistance for the upper lip. In the ca~ 
of broad fiat objects they ru::ted in a. wholly 
different manner. The pointed anterior 
extremity of the body, after being brought 
into contact with an object of this kind, was 
drawn within the adjoining rings, so that it 
appeared truncated and became as thick as 
the rest of the body. This part could then 
be seen to swell a little; and this, I believe, 
is due to the pharynx being pushed a. little 
forwards. Then by a. slight withdrawal of 
the pharynx or by its 
was produced beneath truncated slimy 
end of the body whilst in contact with the 
object; and by this means the two adhered 
firmly together.- '1'hat under these circum­
stances a vacuum was produced was plainly 
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seen on onc occasion, whcn a large worm 
lying beneath a flaccid cabbAge leaf tried to 
drag it away; for the surface of the leaf 
directly over the end of thc worm's body 
became deeply pitted. On another occasion 
a worm suddenly lost its hold on a. flat leaf; 
and the anterior end of the body was momen­
tarily seen to be cup-formed. Worms can 
attach themselves to an object beneath water 
in thc 8."lmc manner j and I saw one thus 
drngging away a submerged slice of an 
onion·bulb. 

The edges of fresh or nearly fresh leayes 
affixed to the ground were often nibbled by 
the worms; and sometimes the epidermis and 
fill the pnrenchyma on one side was gnawed 
completely away oyer a considerable space ; 
the epidermis alone on the opposite side 
being left quite clean. Tbe veill8 were 
neyer touched, and leaves were thus some-­
times l1artly converted into skeletons. As 
worms h,we no teeth and as their mouths 
con~ist of yery soft tissue, it may be pre­
sUllied that they consumt;l by means of suction 
the edges and the parenchyma of fresh 
leaves, after they ha.ye been softened by the 
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digestive fluid. They cannot attack such 
strong leaves as those of sea.-kale or large 
and thick leaves of ivy; though one of the 
latter after it had become rotten was redua:d 
in parts to the state of a skeleton. 

Worms seize leaves and other objcct.R, not 
only to serve as food, but for plugging up 
the mouths of their burrows; and tllia ill 
one of their strongest instincts. They som('­

times work so energetically that Mr. D. F. 
Simpson, who has a small walloo garden 
where worms abound in Bayswater, inf(lrll1l 
me that on a calm damp evening he there 
Ile.'ud so extrnordinary a rustling noise from 
under a tree from which many leaves had 
fallen, that he went out with a light and dis­
oo\'erOO that the noise was caused by many 
worms dragging tbe dry len.ves find squeezing 
them into the burrows. Not only leaves, but 
petioles of many kinds, BOrne flower-pedun­
cles, ofoon decayed twigs of trees, bits of 
paper, feathers, tufts of wool and horse-hairs 
are dragged iuto their burrows for this pur­

pose. I have seen as many liS seventeen 
petioles of a Clematis projecting from the 
mouth of one burrow, and ten from th\! 
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mouth of another. Some of these objects, 
such ns the petioles just named, feathers, &c., 
are never gnawed by worms. In a gravel­
walk in my garden I fOlUld many hundred 
leaves of a pine-tree (P. aU8lriaca or nigri,. 

M1l8) drawn by their bascs into burrow·s. 
The surfaces by which these leaves are articu­
lated to the branches are shaped in as pecu­
liar a manner as is the joint between the leg­
bones of a quadruped; and if these surfaces 
llad been in the least gnawed, the fact would 
llave been immediately visible, but there was 
no trace of gnawing. Of ordinary dicotyle­
donous leaves, all those which are dragged 
into bulTOws are not gnnwed. I have seen 
as many as nine leaves of the lime-tree 
drawn into the same burrow, and not nearly 
all of them had been gnawed; but such 
leaves may scrve as a store for future con­
sumption. Where fallen leaves are abun­
dant, many more are sometimes collected 
over the mouth of a burrow than can be 

a small pile of unused leaves is 
left a roof over those which have been 
partly dragged in. 

A leaf in being dragged a little way into 
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a cylindrical burrow is nece,,:-;arily much 

folded or crumpled. When another 1t:af is 
drawn in, this is done exteriorly to the finot 
onc, and so on with the succeeding leaves; an,\ 
finally all become folded and prc><st,.u 
together. 
mouth of its burrow, or makes 3. one 
close by, so as to draw in a still larger Dumber 
of leaves. Thcy often or gencrally fill up the 
interstices between the drawn·ill leaves with 
moist viscid earth ejected from t1lcir bodieR; 
and thus the mouths of the burrow8 :Ire 
securely plugged. Hundreds of stich plu,c'gW 
burrows may be seen in many placc~, 

especially during the autumnal anu early 
winter months. But, as will hereafter be 
shown, leavcs are dragged into the burrows 
not only for plugging them up anu for foOO, 
Lut for the sake of lining the upper part or 
mouth. 

When worms cannot obt.1.in Icaxcf:, pctiole~, 
sticks, &c., with which to plug up the moutllri 
of their burrows, tbey often !}rotect them by 
little heaps of stones; and such heaps of 
smooth rounded pebbles may frequentl,Y 00 

seen on gravel·walks. Here there call be no 
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qUe!'Ition about food. A lady, who was in­
terestoo in the habits of worms, removed the 
litt le heaps of stones from the mouths of 
sevoral burrows and cleared the surface of'the 
ground for some inches all round. She went 
out on the following night with a lantern, 
and saw the worms with their t-'\ils fixed in 
their burrows, dragging the stones inwards 
by the aid of their mouths, DO doubt by 
suction. "After two nights some of the 
., holcs had 8 or 9 small stones over 
" them ; aftor four nights one had about 
"30, and another 34 stones."· One stone 
which had been dragged over the gravel.walk 
to the mouth of a burrow weighed two 
ounccs; and this proves how strong worms 
are. But they show g reater strength in some­
times displacing ston&! in a well-trodden 
gra,·el.walk; that they do so, may be inferred 
from the cavities left by the displaced stones 
being exactly filled by those lying over the 
mouths of adjoining burrows, as I have my­
selfobtierved. 

' fork of this kind is usually performed 

• AnllCt'Olmtofhcroblern.tiooliagil·cnlu the'Gardenen' 
Chrol!ieie,'Man:lb2tllb,l86i!.p.3:?4. 
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during the night; but I llRve occasionally 
known objects to be drawn into the burrows 
during the day. What advantage the WOl1lll 

derive from plugging up the mouths of their 
burrows with leaves, &0., or from l>iling 
stones over them, is doubtful. They do nol 
act in this manner at the times when they 
eject much earth from their burrows; for their 
castings then serve to cover the mouths. 
When gardeners wish to kill WOrDlll on a 
lawn, it is necessary first to brush or rake 
away the castings from the surface, in order 
timt the lime-water may enter the burrows,­
It might be inferred from this fact that the 
mouths are plugged up with leaves, &0., to 
proyent the entrance of water during heavy 
rain; but it may be urged against this view 
tJlnt a few, loose, well-rounded stones are ill· 
adapted to keep out water. I have moreover 
seen many burrows in the perpendicularly 
cut turf-edgings to gravel-walks, into which 
water could hardly flow, as well plugged as 
burrowa on a. level surface. It is not probable 

that the plugs or piles of stones scn"e to 
conceal the burrows from scolopendrns, which, 

• Loudon', · Gam. Ma~: uii. p. 216, u quoioJlllu lh. ·C.~ 
logue of the Brlli~h Museum WOnDl,' 1865, P. 8!!i. 
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acconlillg to Hoffmeister,- arc the bitterest 
enemies of worms,or from the Iargcrspccics 

of CaTaLu8 and 8taphylillus which attack them 
ferociollsly, for thc~e animals are nocturnal, 
and the burrows are opened at night. .Yay 
not worllls wLen the mouth of the burrow is 
protected be able to remain with s.'lfety with 
their heads close to it, which we know that they 
like to do, but which costs 80 many of them 
their lives? Or may not the plugs check the 
froo ingress of the 10westsu·atulll of air, when 
chilled by radiation at night. from the sur­
rounding ground and herbage? I am inclined 
to believe ill this latter view: firstly, because 
when worlllS were kept in pots ill a room with 
a fire, in which case cold air could not enter the 
burrows, they plugged them up in 1\ slovenly 
manner; and secondarily, becau!;C they often 
coat the upper part of their burrows with 
leaves, apparently to prevent their bodies from 
coming into close contact with the cold damp 
earth. Mr. E. Parfitt has suggested to me 
that tho moutilsof the burrows :ll'eclosed in 
order that the air within thcln may be kept 
thoroughly damp, and this seems the most 
probable explanation of the habit. But the 

•• Famllie tl~r lte,;rll'lllnl' " [', I~' 



pluggiug-up proce!'S may IiCrvO lor all th .. 
abo\'o purpo!;Cs. 

Whatever the motive may be, it appears 
that worms much dislike .Ieaving the 1ll!lUth., 

of their burrows open. Ncvcrthcle~s they 
will reopen them at night, whether or not 
they can afterwards close them. NUIllCroux 

open burrows may be seen on rccently-dug 
ground, for in this c.:"lSe the worms C'joet their 
castings in cavities left in the ground, or ill 
the old burrows, instead of pilillg them on.:; 
the mouths of their burrowfl, and they cannot 
collect oLjects on the surface by which til, 
mouths might be protected. So 
recently disiuterred pavcment a Roman 
villa at Abinger (hereafter to be de.<;eribctl) 
the worms pertinaciously opened 1bcir bur­
rows almost every night, whcn the~ had 
been closed by Laing trampled on, althoug-L 
they wore rarely able to find a fow minute 
stones wherewith to protect them. 

flltdtigclIce shown by U'0'I'11i8 in tI,eir 1/1/Hlntr 

of plu!J!Ji11f1 tip their burroIC8.-If a man had tl) 

plug up a smalt cylindrica l hole, with such 
objects as leM'es, petioles 01' twigs, he woul,l 
drag or push thcm in by thcir l'oil.lteJ emk 
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but if these objects were very thin relatively 
to the size of the hole, he would probably 
insert some by their thicker or broader ends. 
The guide in his case would be intelligence. 
It seemed therefore worth while to observe 
carefully how worms dragged leaves into 
their burrows; whether by their tips or 
bases or middle parts. It seemed more espe­
cially desirable to do this in the case of plants 
not natives to our country; for although the 
habit of dragging leaves into their burrows 
is undoubtedly instinctive with worllliJ, yet 
instinct could not tell them how to nct in 
the case of leaves about which their pro­
genitors knew nothing. If, moreover, worms 
acted solely t.hrough instinct or an unvary­
ing inherited impulse, they would draw all 
kinds of leaves into their burrows in the 
same manner. If they have no such definite 
instinct, we might expect that chance would 
determine whether the tip, base or middle was 
seized. If both these alternatives are ex­
cludcd,intellib~nce alone is left; unless the 
worm in each case first tries many different 
methods, and follows that alone which 
proves possible or the most easy; but to act 

a 
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in this manner and to try different methods 
makes a near approach to intelligence. 

In the first plaCQ 227 withered leaves of 
various kinds, m08tly of English lllants, were 
pulled out of worm-burrows in several place" 
Of these, 181 had been drawn into the 
burrows by or near their tips, so that thl 
foot-stalk projected nearly upright from tIlt 
mouth oftbebulTow; 20 had been drawniu 
by their bases, and in this case the tips pro­
jected from the burrows; and 2G had been 
seized near the middle, so that thc!lC had 
been drawn in transversely and were much 
crumpled. Therefore 80 per cent. 
using the nearest whole number) 
drawn in by the tip, 9 per cent. by the hak 
or foot-stalk, and 11 percent. transven.:elyor 
by the middle. Th is alone is almost suffi­
cient to show that chance does not determine 
tho manner in which leases are dragged into 

the burrows. 
Of the above 2271ea\"es, 70 consifltoo of 

the fallen leaves of the common limHree. 
which is almost certainly not a nati\l,~ of 
England. These leaves are much acuU\iu· 

ated towards the tip, and arc \'er)' broad at 
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the base with a well-developod foot-btalk. 
T hey arc th in and quite flexible wht:!u half­
withered. Of the 70, 79 per cent. had been 

drawn in by or near the tip ; .[ per cent. 
by or ncar the base ; and 17 per cent. trans­
versely or by the midd le. T hese proportions 
agree vcry closely, as far as the tip is couP 
cerneJ, with those before given . But the per­
ccntnge drawn in by the base is smaller, which 
Illay be attributed to the breadth of the basal 
part of the blade. We here, also, see thattlw 
presence of a foot-stalk, which it might han­
been expected would have tempted the worm:-, 
as a convenient hand le, has little or no in­
fluence in determining the manner in whicb 
lime leaves are dragged into the burrow:-1. 
The considerable proportion, viz., 17 per 
cent., drawn iu more or less transversely 
depends no doubt on the flexibi lity of the!;(; 
half-dccayed 10.1.\"e8. T he fact of so many 
having been drown in by the middle, and 0 1 

some few having he~n drown in by the base. 
rendera it improbable that the WOl'J)h! fi n:;t 
tried to draw in most of the leave!:! by one or 
both of these methods, and that they after· 
wards drew iu 79 per cont. by their ti)Js; 

G 2 
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for it is clear that they would not base failed 
in drawing them in by the base or middle. 

The lerwes of a foreign plant woro next 
:-earched for, the blades of which were not 
morc pointed towards the apex than towards 
the basc. This proved to be the case with 
those of 0. laburnum (a hybrid between 
Cyti8U8 a/pinus and laburnum) for 011 doubling 
the tenninal over the basal half, they brene­
rally fitted exactly; and when there wu 
any difference, the basal half was a little th~ 
narrower. It might, therefore, h:we oc>en 

expected that un almost equal number of 
these leaves would have been drawn in bylhe 
tip and Lase, or a. slight excess in favour of 
the latter. Eutof 73 leaves (not included in 
the 6rst lot of 227) pulled out of worm­

burrows, 63 per cent. had been drawn in by 
the lip; 27 pel' cent. by the base, aud 10 per 
cent.transverseiy. We here see that a far 
larger proportion, viz., 27 per cent. were 
drawn in by the base than in the case of 
lime leayes, the blades of which are very 
broad at the base, and of which only 4 per 
cent. iHid thus been drawn in. We lUay 

pcrllaps account for the fact of a still larger 
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proportion of the laburnum leaves not hax­
ing been drawn in by the base, by wormA 
having acquired the habit of generally drawing 
in leaves by their tips and thus avoiding the 
foot-sta lk. For tlle basal margin of the blade 
in many kinds of leaves forms a. 
with the foot-stalk; and if such a 
drawn in by the foot-stalk, the basal margin 
would come abruptly into contact with the 
ground on each side orthe burrow, and would 
rendcr the drawing in of the leaf "ery difficult. 

Nevertheless worms break through their 
habit of avoiding the foot-stalk, if this part 
offers them the most convenient means for 
drawing leaves into their burrowfl. The leaves 
of the endless hybridised varieties of the 
Rhododendron vary much in shape; some are 
narrowest towards the ba~ and others to­
wards the apex. After they have fallen oft~ 

the blade on each side of the midrib often 
becomes curled up while drying, sometime~ 
:\long the whole length, sometimes chiefly 
at the base, sometimes towardli the apex. 
Outof 28 fil llen leaves on ono bed of peat in 
my garden, no less than 23 wero narrower ill 
the bas.'\1 quarter than in the terminal quarter 
of tll(~ir length; and this narrowness was 
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chiefly due to the curling in of the margins. 
Out of 36 fi\lIen 16.,\yes on another bed, in 
'whicll different varieties of the Rhexlodendron 
grew, only 17 were narrower towards the 
hase than towards the arex. My son William, 
who first called my attention to this case, 
picked up 237 fallen leases in his ganlen 
(where the Rluxlodendrr)J1 grows in tile 

natural soil) and of tlle;e 65 per ccnt.coulJ 
Ila"e been drawn by worms into tl1cir bur. 
rows more ensily by Hie bnse or foot-stalk 
than by the tip; and this was partly due to 
tile e:;hapc of the leaf and ill flo leHS dcgn.il 
to the emling in of the margins: 27 per 
cent. could have been drawn in more easily 
hy the tip than by the base: nnd 8 per cent. 
with about equal ease by either end. The 
"hapa of a fallen If'.a.f ought to he judged 
of before one end bas been drawn into a 
InllTow, for after this has happened, the free 
end, wllether it be the base or apex, will dry 
more quickly than the end embedded in the 
damp ground; and the expo"ed margins of 
the free end will consequently tend to become 
more curled inwards than they werc when 
the leaf was fin;t seized by the worm. ~fy 
son found fll leaycs Wl1ich had been dragged 
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by worms into their burrows, though not to a 
great depth; of these 66 per cent. had Leen 
dra.wn in by the base or foot.st..'\lk; and 3 1 
?Cr ccnt. by the tip. In this case, therefore, 
'he worms judged with a considerable degree 
of correctness how best to draw the withered 
leaves of this foreign plant into their burrows; 
notwithstanding that they had to depart from 
their usual habit of avoiding the foot-stalk . 

On the gravel-walks in my garden a very 
large unmber of leaves of three species of 
Pinus (P. au5'triaoo, nigrica1t8 and 8Jjlvestris) 
arc regularly drawn into the mouths of worm­
burrows. These leaves consist of two s~caned 
needles, which arc of considerable length in the 
two first and short in tlle last named specie!:, 
and are united to a common base; and it is hy 
this part that they are almost invariably drawu 
into the burrows. I have seen ouly two or 
at most three exceptiolls to this rule with 
worms in a st.'l.te of nature. As the sharply 
pointed needles diverge a. little, and as several 
leaves are drawn into thesarue burrow, each 
tuft forms a perfect che-l'a~ de j'riPe. On two 
occasions many of these tufts were pulled up 
in the evening, but by the following morning 
fresh leaves had been pulled in, and the 
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lmrro'W8 were again well protected. These 
leaves could not be dragged into the burrom; 
to nny depth, except by their ba8e.\ as a 
worlD cannot seize hold of the two needle>l at 
the &'\mo time, and if one alone were seiztd 
by the apex, the other would be prcsaed 
against the ground and would resist the 
entry of the seized one. This was manife8t 
in the above mentioned two or three excep­
tional cases. In order, therefore, that wormR 

should do their work well, they must drag­
pine-leaves into their burrows by their ~> 
where the two needles are conjoined. But 
how they are guided in this work is a per· 
plexing question. 

This difficulty led my son Francis and my­
self to observe worms in confinement during 
several nighta by the aid of a dim light, while 
they dragged the leaYe8 of the above named 
pines into their burrows. '1'hey moved the 
anterior extremities of their bodies about tile 
leavell, and on several occasions wben they 
touched the sharp end of a needle they with· 
drew suddenly as if pricked. Dut I douLt 
whether they were hurt. for they are indif· 

ferent to very shar p objects, and will swallow 
eyen rose-thorns and small splinters of glass. 
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It may also be doubted, whether the sharp 
ends of the needles serve to tell them that 
this is the wrong end to seize; for the points 
were cut off many leaves for a length of 
about one inch, and fifty-seven of them thus 
treated were drawn into tIle burrows by 
their bases, and not one by the cut-ofJ' ends. 
'I'he worms in oonfinement often seized the 
needles near th6 middle and drew them to-­
wards the mouths of their burrows; and one 
worm tried in a senseless manner to drag 
them into the burrow by bending them. 
They sometimes collected many more Icnves 
over the mouths of their burrowB (as in the 
case formerly mentioned of lime-leaves) limn 
amid enter them. On other occasions, how­
ever, they behaved very differently; for as 
soon as they touched the base of a pine-lea~ 
this was seized, being sometimes oompletely en­
gulfed in their mouths, or a point very near 
the base was seized, and the leaf was then 
quickly dragged or rather jerked into their 
burrows. It appe"wed both to my son and 
myself as if the worms instantly perceived 
as soon as they had seized a leaf in the proper 
manlier, Nine such cases were observed, 
but in one of them the worm failed to drag 
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the leaf into its burrow, as it was entangled 
by other le(wes lying near. In another cas;e 

a leaf stood nearly upright with the points of 
the needles partly inserted into a burrow, but 
how placed there was not seen; and then the 
worm reared itself up and seized the 
wlJich was dragged into the mouth 
burrow by bowing the wbole ler.f. On the 
other hand, after a worm haA seized the ba~ 
of a leaf, this was on two occasions relin. 
quished from some unknown motive. 

As already remarked, the habit of plugging 
up the mouths of the burrows with various 
objects, is no doubt instinctive in worms; 
and a very young one, born in one of my 
pots, dragged for some little distance a Scotch­
fir Jeaf, one needle of which was as long and 
almost as thick as its own body. No species 
of pine is endemic in this part of England, 
it is therefore incredible that the proper 
manner of dragging pine.leaves into the 
burrows can be instinctive with our worms 
But as the worms on which the above obser­
vations were made, were dug up beueath or 
near some pines, which had been planted 
there about forty years, it was desirable to 

prove that their actions were not instincti\<e. 
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Accordingly, pine-leaves were scattered on 
the ground in places far removed from any 
pine-tree, and 90 of them were drawn into 
the burrows by their bases. Only two were 
drawn in by the tips of the needles, nnd these 
were not real exceptions, as one was drawn 

in for a very short distance, and the two 
needles of the other cohered. Other pine­
leaves were given to worms kept in pots in a 
warm room, and here the result was different; 
for out of 42 leaves drawn into the burrows, 
no leR." than 16 were drawn in by the tips 
of the needle!::. These worms, however, 
worked in a c..'l.reless or slovenly manner; 
for the leaves were often drawn in to only 

a small depth; sometimes they were merely 
heaped over the mouths of the burrows, and 
sometimes none were drawn in. I believe 
that thil'l carclel'SlIess may be accounted for 
either by the warmth of the air, or by its 
dampllo!is, as the pots were covered by glass 
plates; the worms consequently did not care 
about plugging lip their 110108 effectually. Pots 
tenanted by worms and covered with a net 
which allowed the free entrance of air, were 
left out of doors for several nights, and now 72 
leaVe£; were all properly drawn in by their bases. 
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It might perhaps be inferred from the facta 
as yet given, that worms somehow gnin a 
general notion of the shape or structure of 
pine-leaves, and perceive that it is necessary 
for them to sei'l.e the base where the two 
needles are conjoined. But tho following 
cases make this more than doubtful. The 
tips of a large number of needles of P. austridca 
were cemented together with shell·lac dis. 
solved in alcohol, and were kept for some 

days, until, as I believe, all odour or tMt.ehad 
been 10000t; and they were then scattered on 
the ground where no pine·trC{',s grew, near 
burrows from which the plugging had been 
removed. Such leaves could have been drawn 
into the bllrrows with equal ease by either 
end; and judging from analogy and more 
especially from t11e case presently to be giren 
of the petioles of Clt!mati& nwnlana, I expected 
that the apex would have been preferred. 
But the result was that out of 121 leaves with 
the tips cemented, which were drawn into bur· 
rows, 108 were drawn in by their bases, and 
only 13 by thoir tips. Thinking that the 
worms might possibly perceive and dislike the 
smell or taste of the 8hell~lac, though this 
was very improbable, es-pecially after the 
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leaves bad been left out during severa.l nights, 
the tips of the needles of many leaves were 
tied together with fine thread. Of leaves 
thus treated 150 were drawn into burrow~ 
123 by the base and 27 by the tied tips; 80 

that between four and five times as many were 
drawn in by the base as by the tip. It is 
possible that the short cut-off ends of the 
thread with which they were tied, may have 
tempted the worms to drag in a larger propor­
tional number by the tips than when cement 
was used. Of the leaves with tied and 
cemented tips taken together (271 in number) 
85 per cent. were drawn in by the base and 
15 per cent. by the tips. We may therefore 
infer that it is not the divergence of the two 
needles which leads worms in a st.'lte of nature 
almost invariably to drag pine-leaves into 
their burrows by the base. Nor can it be the 
sharpuCS8 of the points of the needles which 
determines them; for, as we have seen, many 
leaves with the points cut off were drawn in 
by their bases. We are thus led to conclude, 
that with pine-leaves tberemust be something 
attracti,·c to worms in the base, notwithstand­
ing that few ordinary leaves are drawn in by 
the baro or foot-stalk. 
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Pdiv[p,,-'Ve wi ll now turn to the p(!tiok~ 

or foot-etalks of compound It'ave", arkr the 
Je.'\fJeta ll3.ve fallen off. Those from C"'II/,aJ.i.~ 

montaoo, which grew over 1\ vcrandah, were 
dragged early in J anuary in numbers 
into the burrows on an gravel. 
walk, lawn, and flower-bed. petioles 
vary from 2! to 4i inches in length, are 
rigid and of nearly unifonn thitknc,.;~, except 

close to the base where they thicken rather 
abruptly, being here about twice as thick as 
in any other part. The apex is somewhat 
pointed, hut soon witbers and is then ea!;ily 
broken off. Of these petiol~s, 314 were pulled 
Qut of burrows in the above specified Bites; 
and it was found tbat 76 per cent. had been 

drawn in by their tips, and 24 per cent. Ly 
their bases ; so that those drawn in by tile 
tip were a little more than thrice as mall~' 

as those drawn in by tile baf'C. Some of thCN! 
extracted from the well-beaten grave l-walk 
wero kept separate from the othen>; and of 
t.hese (50 in number) nearly five times 3S 

many had been drawn in by the tip as by 
the base; whereas of those extracted from 
the lawn and flower-bed, where from the 
soil yielding more easily, less care would be 

Darwin Online: By permiSSion of the Trustees of the Natl,l'~1 
Historv Museum (London) 



THEIR INTELLIGENCE. 81 

neCCti."ary in plugging up the burrows, the 
proportion of those drawn in by the tip (130) 
to those drawn in by the base (48) was 
rather less than three kl one. That these 
petiole!; had been dragged into the burrows 
for plugging them up, and not for food, 
was manifest, as neither end, as fa r as I 
could see, had been gnawed. As several 
petioles are used to plug up the same burrow, 
in one c.~ as many as 10, and in another 
casc as many as 15, the worms may perhaps 
at fin;t draw in a few by the thicker end so 
as to save labour; but afterwards a large 
majority are drawn in hy the pointed end, in 
order to plug up tbe hole securely. 

The fallen petioles of our native ash-tree 
were ncxt observed, and thcrule with most 
objects, viz., that a large ffi.1jority are dragged 
into the burrows by the morc pointed end, had 
not here been followed ; and this fact much 
surpriecd mc at fi rst. These petioles vary i ll 
length from 5 to 8! inches; they are thick 
and fleshy towards the base, whence they 
t.'l.per gently tOlVanls the apcx, which isa little 
enlarged and truncated where the terminal 
Ie..'lflct ha.d l~ll originally attached. Under 
ilOmc ash-trees growing in a gm.'tTficld, 220 
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petioles were pulled out of worm burrows 
early in January, and of tbese 51-5 per cent. 
had been drawn in by tbe base, and 48'5 per 
cent. by tbe apex. Tbis anomaly wa.a how­
ever readily explained as soon as the thick 
basal part was examined ; for in 780utof 103 
petioleBt tbis part bad been gnawed by worms, 
just above tho horse-shoe shaped articulation, 
In roost cases there could be no mistake about 
the gnawing j for ungnawed petioles which 
were examined after being exposed to the 
weather for eight additional weeks llad not 
become more disintegrated or decayed Dear 
the base than elsewhere. It is thus evident 
that the thick basal end of the petiole is 
drawn in not solely for the sake of plugging 
up the mouths of the burrowBt but as food, 
Even the narrow truncated tips of some 
few petioles had been gnawed; and this 
was the case in 6 out of 37 which were 
examined for this purpose. Wonns, after 
having drown in and gnawed the basal end, 
often push the petioles out of their burrows; 
and then drag in fresh ones, either by 
the base for food, or by the apex for plug· 
ging l1p the mouth more effectually. TbUi', 
out of 37 petioles inserted by their tip" 
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5 had been previously drawn in by the 

base, for this part had been gnawed. A,g-ain, 
I collected a handful of petioles ly ing loose 
on the ground close to som~ plugged.up bur· 
rows, where the surface was thickly strewed 
with other petioles which apparently had 
never been touched by worms; nnd 14 out 
of 47 (i.e. nen.rly one-third), after having 
had their ooses gnawed had been pushed 
out of the burrows and were now lying on 
the ground. From these several facts we may 
conclude that worms draw in some I:etioles 
of the I\I:lh by the base to scrvo as food, and 
others by the tip to plug up tho mouths of 
theirbul'l'ows in tbemostefliciontmnnllcl'. 

Tho petioles of Robinia p.qeudo-<reacia vary 
from 4 or 5 to nearly 12 inches in length: 

they are thick close kl the base before the 
80ftcr parts have rotted off,and taper much 
towards the upper end. 'l'heyare so flexible 
that I have seen 80me few doubled up and 
thUfl drawn into the burrows of worlnl':. Un· 
iorliliiatcly thcf<o petioles were 110t cxamil1ed 
until Fehruary, by which time the softer parts 
had completely rotted off, so that it was im· 
pos.-;iblo to ascert.'lin whether worm~ had 
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gnawed the bMes, though thid is in itself 
probable. Out of l21 petioles extracted from 
burrows early in February, 68 were imbedJeJ 

by the base, and 53 by the apex. 011 
Februury 5 all the petioles which had been 
drawn into the burrows beneath a Robinia, 
were pulled up; and afoor an interval of 
clc\·en days, 35 petioles had been ~CYain 
dragged in, 19 by the base, and 16 by tilt 
apex. Taking these two lots together, 50 
per cent. were drawn in by the base. and 44 
per cent. by the apex. As all the softer pam 
had long ago rotted off, we may feel surt', 
especially ill the latter casc, that nono had 
heen dl"(Lwnin as food. Atthisseason,tllere· 
forc, worms drag these petioles into tlu:il 
burrows indifferently by either end, a slight 
preferencc being given to the ba!iC. 'fhi~ 
latter fact may be accounted for hy the diffi· 
cHlty of plugging up a burrow with objects so 
extremely thin as are the upper cnds. In 
Ilupport of this view, it may be stated that out 
of the 16 petioles which had been drawn 
ill by their upper end!', the more attenuated 
terminal portion of 7 had been rreviou~l)' 

broken olrby some accident. 
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TI'iallgie3 C!r' JXlpel'.-Elollf,'"atcd tl'iallf,'"le~ 
were cut out of moderately fitill' \\'riting·pap~l', 
which was rubbed with raw fat 011 both siuCEl, 

so as to prevent their becoming exce i"ely 
limp when exposed at night to rain and dew. 
The sides of all the triangles were three 
inches in length, with the bah&; of 120 olle 

inch, and of the other 183 half an inch in 
length. These latter triangles were \"Cry 
narrow or much acuminated.· As a check 
on the observations presently to be given, 
similar triallglcsin a damp sta.te wel'e!>eizetl 
by a very narrow pair of pincers at different 
points and at all inclinations with reference 
to the margin~, and were then drawn into 
a short tube of the diameter of a worm· 
burrow. If seized by the apex, the triangle 
was drawn straight into the tube, with its 
tnargin~ infolded; if seized at some little 
uibtance from the apex, fur instance at halt 
an inch, this lUuch was doubled back within 
the tube. So it was with the ba.se and ba.s:ll 
nngles, though in this ease the triangles 
oflen.>d, as might have been expected, much 

~;~~ ~!ll~:fN~r~:~I~e~:I,r!i::~I!~ 



~6 HABITS OF wamlS. 

more resistance to being drawn in. If seized 
nenr tIle middle the trinllgle waijdouLlcJ up, 

with the apex and Lase left sticking olltofthe 
tul1C. As tIle sides of tIle triallgll'~ were 

three incheij in Itmgth, the result of their 

being-drawn into a tube 01' into a burrow in 
different ways, may be conveniently divided 
into three groups : thtlf:o drawn in by tIle 

apex or within au inch of it.; thof:e drawn in 

by the base 01" within nn inch of it ; and those 
drawn in uy auy point in the midd le illCli. 

In order to see how the trilmgles wOllld Le 
8(,jzcd by worm~, some in a damp state were 

given to worms kept. in confinement. 
were seized in three d;fl'c,entmonnc,,;n th, 

case of both the narrow and broad trinngl~: 

by the margin; by ODe of the three 

was Oftl'll completely l'llgulr~d 

and lastly,bysuctionapplied 
10 any part the flat surface. If lints 

rarallel to the lase and an inch 31nrt, are 

drawn aero8S a triangle with the tiides thn:e 
inches in length, it will be di\·idedintotlm.'t' 

parts of equal length. Now if worms I:>t,izoo 
indifferently by c1HUlCC uny part, the) 

would ubSurctlly seize all the basal part or 

Darw in Online: By perm ission of the Trustees of the Natural 
H l s tQ[y~seum (London) 



THEIR IXl'ELLI GEXCE. 87 

diviflion far oftener than on either of the two 
other divisiollfl. For the area of the b..'\S..'l1 to 
tho apical p..1,rt is as 5 to I, so tha.t the 
chance of the former being drawn into a 
burrow by suction. will be as [) to 1, compared 
with the apical pa.rt. Tho base oners two 
angles and the apex only one, so t.hat the 
former would have twico as good a chance 
(independently of the size of tho a.ngles) of 
being engulfed in a. worm's mouth, as would 
theapcx. It should, however, be stated tllat 
the apical angle is not often seized by worms; 
tho margin at a. little distance on either side 
being proferred. [judge of this from having 
found in ,10 out of 40 cases ill which tri­
angles had been drawli into burrows by their 
apical ends, that the tip had been doublcd 
hnck within the burrow for a length of 
Lt:twoon "'o-th of an inch and 1 inch. Lastly, 
tho proportion between the margins of the basal 
and apic..'\l parts is as 3 to 2 fot' the broad, 
and 2t to 2 for the narrow triangles. From 
thcBcsc\'cral considerations it mightceriainly 
have beeu expected, supposing that worms 
seized hold of the triangles by chnnce, that a 
con~idera.bly la.rger proportion would have 
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been dragged into the burrows by the Lag,1 
than by the apical p..'\ft; but we li'hall im~ 

mediately !:ICe how different was the result. 
'l'rianglcs of the above specified sizes were 

scattered Oil the ground in many places and 
on many sllccessive nights neal' worm~bur_ 

rOW:il, from which the leaves, petioles, twig~, 
(\::c., with which they had been plugged, were 
removed. Altogether 303 triangles were 
drawn by worms iuto tbeirbnrrows: 120thers 

were drawn in by botbends, but as it was im­
Jlossible to judge by which end they had been 
fil'stscized, these are excluded. Of the 303, 
62 per cento had been drawn in by the apex 
(using this term for all drawn in by the 
apical part, aile inch iulength); J5 per cent. 
by the middle; and 23 per cent. by the ~sal 

p,o\rt. 1f they had been drawn indiff\!rently 
b:,- nny point, the proportion for the apical, 
middle and basal parts would have been 33·3 
per cent. for each; but, as we have just seen, 
it might have been expected that a much 
larger proportion would have been drawn in 
by the basal than by any other part. As the 
case stands, nearly three timeij as many were 
drawn in by the apex as by the base. If we 
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consider the broad triangles by themselves, 
of) per cent. were drown in by the apex, 25 
per cent. by the middle, and 16 per cent. by 
the base. Of We narrow triangles, 65 per 
cent. were drawn in by the apex, 14. per cent. 
by the middle, and 2 L per cent. by the base ; 
so that here those drawn in by the apex were 
Illore than 3 times as many as those drawn 
in by the base. ",Ve may therefore oonclude 
that the manner in which the triangles are 
drawn into the burrows is not a matter of 
chance. 

[n eight c,\ses, two triangles had been drawll 
into the same burrow, and in seven of these 
cases, one had been drawn in by the apex and 
the other by the base. 'l'his again indicates 
that the result is not detennined by chance. 
Worms appear sometimes to revolve in the 
aet of drawing in the triangles, for 6 ve out of 
the whole lot had been wound into an irregular 
slJire round the inside of the burrow. ",Varma 
kept in a warm room drew 63 triangles 
into their burrows; but, as in the case of the 
pine-leaves, they worked in a rather careless 
manner, for only 44. per cent. wero drawn ill 
by the apex, 22 per cent. by the middle, and 
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3!~ per cent. hy the base. I n five cases, two 
trianglc.~ were drawn into the Mille burrow. 

It may be suggested with much apparent 
probabi lity that so large a proportion of tile 
triangles were drawn in by the apex, not from 
the worms having selected this end as the 
roost convenient for the purpose, Lut from 
having finlt tried ill other ways and faik>d 
This notion was countenance I by the manlier 
in which worms in confinement were se~n to 
drag about and drop the triangles; but then 
they were working carelessly. I did not at 
first perceive the importance of this subject, 
but merely noticed that the hases of those trio 
angles which had been drawn in by the apf'x, 
were generally clean and not crumpled. The 
subject was afterwards attended to carefully. 
In the first place several triangles which haJ 
bet';'11 drawn in by the basal angle.c:, or by the 
base, or a little abo"e the base, and which 
were thus much crumpled and dirtied, were 
left fer some hours in water and werc then 
well rslmken while immersed; Lut neither 
the dirt nor the creases were thus rcmo\·ed. 
Only slight creases could Lo obliterated, 
even by pulling the wet triangles several 
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times throllgh my fingers. Owing to the 
Flime from the worms' bodies, the dirt was 
not easily washed off. We may therefore 
conclude that if a triangle, before being 
drrlgged in by the apex, bad been dragged 
into a burrow by its base with even a slight 
dcgoree of force, the bas.'tl part would long 
retain its creases and remain dirty. The con­
dition of 89 triangles (65 narrow and 24 
broad oneil), whicb bad been drawn in by the 
apex, was observed j and the bases of only 7 

of them were at all creased, being at the s.'\me 
time generally dirty. Of the 82 uncreased 
triangles, 14 were dirty at the base; but it 
(IocR not follow from this fact that these had 
first Leen dragged towards the burrows by 
their bases; for the wonns sometimes covered 
large portions of the triangles with slime, 
and these when dragged by the apex over the 
ground would be dirtied j and during rainy 
weather, the triangles were orten dirtied over 
one whole side or over both sides. If the 
worms had dragged the triangles to the 
mouths of their burrows by their bases, as often 
as by their apices, and had then perceived, 
without actually trying to draw them into the 
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burrow, that the broader end was not wen 
adapted for this purpose-even in this case 
a large proportion would probably have had 
their basal ends dirtied. 'Ve may therefore 
infer-improbable as is the inference-that 
worms are able by some means to judge 
whieh is the best end by which to draw 
triangles of paper into their burrows. 

The percentage results of the foregoing ob­
servatioDs on the manner in which worms 
draw various kinds of objects into the mouths 
of their burrows may be abridged as follows:-

Le&ftllofvariOUlkioo.. 

_or the Lime,bMa.1 mafl1,in of :!-:!i broad, 'pex aeumi-

-or. Labumum,b&!al part of 

~~t! ~t~~m:.:~ ~~ 
thenpiCIIlpnrt. 0310 2, 

-of the Hhododendron,hllIl3l 
pe.rtofbladeoftenn.rrower 
thanthe'l'icalpart. 

_ofPine-treea,e<JIl.Ill;tingoflwo 
:1ba:iI!iDg from a oom-
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~~l fill~I~:: 
------1---1 

- of :1jt~~'d~:~tf~c~ :~! 

~orllobinia.ext"'Dll'lythiD. 

:I~ialg ~ar~6~~::""i:~; 
I'lnggin;;uptheburrG\\" • 

1'ri.nglelofp'~r,orthetwo!iUII. 

-ortllt! broad ouea alone 6925 

--oftholUlrrowoneaslono. 65 14 

If we consider these several cases, we can 
hardly escape from the conclusion that worms 
",how some degree of intelligence in their 
manner of plugging up their burrows. Each 
particular object is seized in too uniform a 
manuer, and from causes which we can 
generally understand, for the result to be 
attl'ilmted to mere chance. That every object 
has not been drawn in by its pointed end, 
may be accounted for by labour ba.ving been 
II<'\\,OO through some being inserted by their 
Lroadcr or tbicker ends. No doubt worms 
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are led Ly instinct to plug up their Lm·rows; 
and it might haxe heen expected that they 
would have been led by inf!!tinct how be.:t 
to act in each particular case, il\fJepcudcntly 
of intelligence. Wesce hOlVdiflicllltitisto 
judge whether intelligellce come.i into 
for even plants might sometimes be 
to be thuf!! directed; for im:t.'\ncc when 
placed leaves re-direct their uppL'r surfaces 
towards the light by extremely <:ompiicated 
movements and by the shortest COUr8£>, With 
animals, actions appearing due to intelligence 
may be performed through inherited habit 
without :\11)" intelligence, nlthough aborigin. 
ally thus acquired, Ol' the habit may have 
been acquired through the preservation allt! 

inheritance of beneficial variation~ of some 
other hn-bit; and in this case the new haLit 
will havo been acquired independently of 
intelligence throughout the whole oounoe 
of its development, There is no il priori 
improbability in worms having acquirel 
special instincts through either of these t\\'o 
latter means, Nevertheless it is incrcJible 
that instincts should ba\"e been de\Oeloped 
in reference to objects, such as the le.wcii of 
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petioles of foreign plants, wholly unknown 
to the progenitors of the worms which act 
in the described manner. Nor are their nctions 
so unvarying or inevitable as arc most true 
instinctol'l. 

As worms are not guided by special in­
stincts in each particular (!a8C, though pos­
se~!-;ing a general instinct to plug up their 

hUlTows, and as chance is excluded, the next 
mo!;t probable conclusion seems to be that 
they try in many different ways to draw in 
ol~ect::, and at last succeed in some one way. 
But it is sl1rprising that an animal so low 
in the f!calc as a worm should have the 

for in this manner, as many 
animals no f:;uch capacity. For 

ants may be seen vainly trying 
to drag an object trnns"ersely to their 
cour"c, which could Lc eHE~ily drawn longi­
tudinall'y; though after a time they gener­
ally act in a wiser mauner. M. Fabre 
~tatc8· tllat a Spbex-an insect belong­
ing to the s::tIDe highly-endowed ordCl 
with ants-stocks its nest with paralysed 

• ~,." hi. iuteruolillgwork, 'SvuveniNl cnt(.lUlo!ogi,!U-.' 18,9, 
1'I'·ltlS-l'jI, 
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grasshoppers, which are invariably dragg:loJ 
into the burrow by their antennre. Whell 
these were cut off' close to the head, the 
Spllex seized the palpi; but when the:.e 
were likewise cut off, the attempt to dmg; 
its prey into the burrow was given up ill 
despair. The Sphex had not intelligence 
enough to seize one of the six legs or 
the ovipositor of the grasshopper, which, as 
:\1. Fabre remarks, would have scrved equally 
well. So again, if the paralysed prey with 
an egg attached to it be tlken out of the 
cell, the Sphex after entering' a.nd find ing the 
cell empty, nevertheless closcs it up in the 
usual ela.borate manneI'. Bees will try to 

escape and go ou buzzing for hours all a 
window, one half of which bas been left open. 
Even a. pike continued during three month .. 
to dash and bruise itself against the gltL'<:i 
sides of an aquarium, in the vain attempt to 
seize minllows on the 0ppoRite side.· AcoLra­
snake was seen by Mr. Luyal'd t to act mudl 
more wisely than either tile pike or the Sphex; 

.. lft;biua. 'DieBe,,'egun~en der'l1.lerc,'&c., Uli3,p.lll. 
t 'Amla1. awl Mag.ofN.l..LUltory,' ,,'riel ii. vul.i:l.l!i5Z 

],.338. 
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it had swallowed a tood lying within a hole, 
and could not withdraw its head; the toad 
was disgorged, and began to crawl away; it 
was again swallowed and again disgorged; 
and now the snake had learnt by experience, 
for it seized the toad by one of its legs and 
drew it out of the hole. The instincts of 
even the higher animals are often followed 
in a senseless or purposeless manner: the 
weaver-bird will perseveringly wind threads 
through the bars of its cage, as if building 11 

nest: a squirrel will pat nuts on a wooden 
floor, as if he had just buried them in the 
ground: a beaver will cut up logs of wood and 
drag them about, though there is no water to 
dam up; and so in many other cases. 

)lr. Romanes, who has specially studied 
the minds of animals, believes that we can 
safely infer intelligence, oilly when we see an 

individual profiting by its own experience. 
By this test the cobra showed some intelli-

bnt this would have been much 
occasion he had drawn 

a toad out of a hole oy its leg. Tbe Sphex 
failed signally in this respect. ~ow if 
worms try to dmg objects into their ourrows 
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first ill oue way and then in another, until 
thoyat laRt succeed, they profit, at least in 
each 1)"'l.rticlllar instance, by experience. 

But evidence has been ad vanced ~howillg 
that worms do not habitually try to draw 
objectll into their burrows in mallY different 
ways. Thus half-decayed lime-kayes from 
their flexibility could have been drawn ill IJ\" 
their middle or basal parts, and were th~~ 
drawn into the burrows in collsidcraLlc 
numbers; yet a large majority were dl'1lwlI 

in by or near the apex. The petiol(:r; of the 
Clematis could cert..'liniy have OOcn drawll ill 
with equal easo by the hasc and apex; yet 
three times and in certain cases five times a~ 

many were drawn in by the apex as Ly tile 
base. I t might have been thought that tlJt) 
foot-stalks of leaves would havetcmptoo the 
wonns as a collYcnient handle; yet they are 
not largely used, except w}um the Lase of the 
blade is narrower than tho apex. A. }ar~ 
Humber of the petioles of the a~h are drawn 
in by the base; but this part e;:el'ves tIl{' 
wOrms as food. In the ca!<Q of 
worms plainly show that they 
not seize the leaf by chance; but their 
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choice does not appear to be determined by 
the uivcrgellce of the two necdles, and the 
COIJ!'t,.'(lllcut advantage or necessity of drawing 
them into their burrows by tho base. With 
respect to the triangles of paper, those which 
had Lecn drawn in by tho apex bad 
their bases creased or dirty; and 
that the worms bad not often first tried to 
drag them in by tills elld. 

If worms are able to judge, either before 
drawing or after having drawn an object 
close to the mouths of their burrows, how 
Oest to drag it in, they must acquire some 
notion of its general shape. This they pro­
bably acquire by touching it in many place!> 
with the anterior extremity of their bodies, 
which serves as a tactile organ. It may be 
well to remember how perJect the sellse of 
f,ollch beCOllles in a mall when Lorn blind and 
dl:af, as are worms. If worms have the 
po\\·t'r of acquiring some notion, however 
rude, of the shapo of an object and of t heir 
burrows, as seelUS to be the case, they deserve 
t,o he ca lled intclligent; for they then act in 
nearly tho same manner as would a lUau 

uudcrsimiiarcircumsianccs. 

I 
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'fo sum up, as chanco does not determine 
the manner in which objects are drawn into 
the burrows, and as the existence of special. 
ized instincts for each particular case cannM 
be admitted, the first and mOtit natuml "'np .. 
position is that worms try all methods llntil 
they at last succeOO.; but many appeal'1\uces 
are opposed to such a supposition. One 
alternative alone is left, namely, that worms, 
although standing low in the scale of orgalli:t .. 

;\tion, possess some degree of intelligenCt'. 
This will strike everyone as very impro­
liable; but it may be doubted whether we 
l;now enough about the nervous system of 
fhe lower animals to justify our natural dis­
trust of such a conclusion. 'Vith respect to 
the small size of the cerebral ganglia, we 
,.hould remember what a mass of inherited 
knowledge, with some power of adapting 
means to an end, is crowded into the minute 
hrain ofaworker-ant. 

Jfeans by which UOM1l8 e;rca mle tlteil 

Iml'row8.-This is effected in two ways; by 
pushing away the earth on all ~iJe~, and IJY 

"wallowing it. In the former case, the worm 
inserts the Gtl'etched out and attenuated 
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anterior extremity of its body into any little 
crevice, or hole; and then, as Perrier re­
marks,· the pharynx is pushed forwards into 
this part, which consequently swells and 
pushes away the earth on all sides. The 
anterior extremity thus serves as a 
It also serves, as we have before seen, 
prehension and suction, and as a tacti le organ. 
A wonD was placed on 10080 mould, and it 
buried itself in between two amI three 
minutes. On another occasion four worm!,! 
disappeared in 15 minutes between the sides 

of the and the earth, which had been 
pressed down. On a third oc­

casion large worms and a. small one 
were placed on loose mould well mixed with 

fine sand and firmly pressed down, and they 
all di!lappeared, except the tail of one, ill 
3;, minutes. On a fourth occasion six large 
worms were placed on argillaceous mud 
mixed with sand firmly presl:loo down, and 
they di!;''l.ppeared, except tho extreme tips of 
the tai ls of two of them, in 40 millutes. III 
none of these cases, did the worms swallow, 
U'I far as could be seen, any earth. 'l'hey 

• 'Archlvdue7.oo!ojl:.exptr.' will. iii.ll:li4, P. ~05. 

, 2 
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generally entered the ground clo"e to tIle 
Aides of the pot. 

A pot was next filled with yery fine ferru­
ginous s,.'md, which was pres:-;ed down, well 
wfltcrod, and thus rendered 
pnet. A large worm left on the did 
not succeed in penetrating it for some hours, 
nnd did not bury itself completely until 25 
111'1). ·10 ruin. had elapsed. This \Val" effected 
by the sand being swallowed, as was evident 
by the large quantity ejected from the yent, 
long before the whole body had diBappcarcd. 
f'astillgsof a similar nature continued to he 
tljectcd from the burrow during the whole 
of the following day. 

As doubts have been expressed by BOrne 

writers whether worms ever swallow earth 
!'Oldy for the sake of making their burrows, 
some additional cases may be given. A ma~~ 
of fine reddish stmd, 23 inches in thickne~", 

left 011 the ground for llenrly two 
had Leen penetrated in mallY places 
worlllS; and their castings consisted 
the reddish sand and l)';'l.rtly of earth 
j,rollght up from beneath the mas!'. This 
t-\and had been dug up from a considcra\)Je 
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depth. and was of so poor a nature that 
weeds could not grow on it. It iH therefore 
highly improbable that it should have been 
swallowed. by the worms as foo<1. Again in 

the very little orgauic tn..'l.tter which could 
have percolated into it from the poor O"cr­
lying pasture. Lastly, a cading thrown lip 
through the concrete and decayed mortar 
betwoon the tiles, with which tho now ruined 
aislc of Beaulieu Abbey had formerly Leen 
paved, was washed, so that the coar:<cr 
matter alone was left. Thi8 consisted of 
grains of quartz, micaceous slate, other rocks. 
and Lricb or tiles, many of them fl"Om -.j(J to 
,to' inch in diameter. No olle will SUppo:<l' 

that thelic grains were swallowed as food, yet 
they formod more than half of the casting, 
for they weighed 19 grains, the whole cast­
ing having weighed 33 grain!'!. "Whenever a 
worm Lunows to a dcpth of Romo feet in 
uwlisturbcd compact ground, it mu!o;t form it. .. 
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paStiagc by swallowing the earth; for it is 
incredible that the ground could yield on all 
Rides to the pressure of the .pharynx when 
pushed forwards within the worm's body. 

That worms swallow ~ larger quantity of 
earth for the &'Lke of extracting any llutritious 
matter which it may contain than for making 
their burrows, appears to me certain. But 
as this old belief has been doubted by SO high 
an authority as Claparooe, evidence in its 
fa"our must be given in some detail. There 
is no it priori improbability in such a belief, 
for be8ides other annelidl'l, especially the 
A,'enicola marilla, which throws IIp such a 
profusion of castings on our tidal &,\l1d8, and 
which it is believed thus subsist.s, there are 
animals belonging to the most distinct c1ar-~e8, 
which do not burrow, but habitually swallow 
large quantities of sand; namely, the mollu. ... 
can Onchidium and many Echinoderms.-

If earth were swallowed only when worms 
deepened their burrows or made new ones, 
ca!!tings would be thrown up on ly occasion­
nlly; but in many places fresh castings ma~· 

.. I 5lale t1.i, on the authority of Semper, 'nei~1I111 

Arehipeldcrl'hilirpilltIl,"'l'h.ii.lS77.p. 30. 
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be seen every morning, and tho amount of 
earth ejected from the same burrow on RUcceS­

si"e days is large. Yet worms do not burro\\ 
fa a great depth, except when the weather 
is yery dry or intensely cold. On my lawn 

the black vegetable mould or humus is only 
about 5 inches in thickncS>l, and overlies light­
oolol11'ed or reddish clayey soil: now whell 
castings are thrown up in the greate~t 

profusion, only a small proportion are light 
coloured, and it j!l incredible that the worm!'; 
should daily make fi'esh burrows in eyer} 
direction in the thin superficial layer of 
dark-coloured mould, unlcss they obtained 
nutriment of some kind from it. I have 01 ... 
Ben'oo a strictly analogous case in a field Ileal 

my house where bright red clay lay clo;;e 
bene..'\th the surface. Again on one part of 
the Downs near Winchester the veget.'\hl~ 

moulrl overlying the chalk was found to he 
only from 3 to 4 inches in thickness; and the 
many castings here ejected were as black as 
ink and did not effervesce with acids; so thnt 
the worms must luL\'c confined themselves to 
this thin superficial layer of mould, of which 
largo quantities were daily swallowed. In 
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finother plnce at no great distance the ca. .. t. 

::~~: '~~,~.~:~~~ei~t:n~h:·I~~:a~~c i~'o~:: ~1:ll~~~ 
and not in others, I am unable to conjecture, 

'1'wo great piles of le.-we., hI\(I hocll leCttn 

decay in my g,'ouuds, and months aftt'r their 
remo\-nl, tho bare surface, RoveraJ in 
diameter, was so thickly dl1rill~ 

~\'ernl months with castiugfl that they formt'!! 

an almost continuous layer; and the iar,!..>e 

number of worms which lived 110re must hn\'c 

Rubt>isted during tllese months on nutritiouli 

matter contained in the hlack earth, 

'1'ho lowest 

cayed some 

ar~ined under a high power, and the number 
of spores of various shapes aHel Rizes which 

it contnin~d was astonishingly great; aDII 

theoo crushed in the gizzards of worm" liny 

largely aid -in supporting them. When­
ever castings arc thrown up in the ~reate~t 

number, few or no leaves are drawn into the 

hurrows; for instanco tho turf along' a heJge­

row, about 200 yards in leJl~th, was Jaily 
obser\'{'d in the autumn during :-;cvernl week~, 

and every morning many fi'c!'h ca!';tings W~re 

Darwin Online: By permission of the Trustees of the Natural 
Historv Museum (London) 



r--een; but not a single Jeafwasurawn into these 
burrows. These c..1.stings from their blackness 
and from the nature of the sub"oil could not 
have been brought up from a grcntel' depth 
than G or 8 inches. On what could these 
worms have subsisted dming this whole time, 
if not all matter contained in the black earth? 
On the other hand, whenever a large numLeI 
of leaves are drawn into the burrows, the 

wonus seem to subsist chiefly on them, for 
few earth-castings are then ejected on the 
surface. This difference in the behaviour of 
worms at different time!'!, perhaps explains a 

Htntcment by Claparooe, namely, that triturated 
leaves and earth are always fOHnd in distinct 
partsofthcirilltestines. 

'Vorms sometimes abound in places where 
they ron rarely or never obtain dead or 
living leaves; for instance, Lencnth the pave­
ment in well-swept courtyard!o!, into which 
lea\'cs are only occasionally blown. ~Iy 8('111 

lI orace examined a house, one COI'11er of 
which had t;uLsided; and he found IJere ill 
llle celiar, which was extremely damp, many 
t:;mall worm·ro!;tings thl'OWIl up Letween the 
stolle8 with which the cellal' was pa\'cd ; and 
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in this case it is improbable that the worllli'< 

could ever have obtained leaves. Mr. A.C'. 
rrornerconfirms this account, as he hasSI..'t1l 
castings in the cellars of hi::! house, whichi.i 
an old one, at Tonbridge. 

But the best e"idencc, known to me, of 
worms sllb~isting for at least con~iderable 

periods of time wlely on th~ organic math'r 
contained in earth, is afforded by some facts 
communicated to me by Dr. King. Near 
Nice hrge abound in extraonlillary 
uumbers,80 or () were often fOllnn 
within the space of a "quare foot. Tiley 
consistoffine,p..'l.le-oolourooearth,cont.'linillg 
calcareous matter, which after havingp<lf;j;cJ 
through the bodies of worms and being dried, 
coheres with considerable force. I haye 
renson to believe that these castings had been 
formed of Perich rota, which have 
been here from the East.- They 

• Dr. Kiog ~ve me aome ...... rm8 wllecterlllCllr XiCf', ... h'cll, 
Mhebeliev .... hadooll.trnet\'tllh~e!ltiflJ;l!. They,"" 
10 M.l'errier, who w,th gr!'&t kimlne.t')(lImitk.'d ana nameolth 
forme: therronftifttt~1 of Ptrirllfl'hl affini., a IIIIlive (If ('ocl,io 
China ~nd of the I'hilil'pinesj P.I.wanit-a,1I uati,'eof 1,1IWII 
ill the I'hilipl'inetlj andP.JJoIO/ldi,v.hich lh'~ nmrCalCI!U3. 

~:~~:i~~n~:e ~~rt ~:~;~i~e:~~lri~ ~~e ;~~ ~'.. i 
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rise like towers (see Fig. 2), with their sum­
mitlii often a little broader than their bases, 

Yig.!? 

Tower·like I:aIlin:: from near:Nice, OOIUItroetoo of earlh, \'oidoo 
1Il1)bablybya'peciellofPeriehll'la:(Ifnatul'Ill l iZ(',copicdfrom 
al'botogral'b. 

sometimes to a height of above 3 and often 

ha<lanYT1'll.lOllto@ulpedthRtthetower-likcCAatingllfromNiee 
haJ1Je\:n furmed byWOI'mf not endemic iu the oountry, I was 
I'l't'atlYlllTl'riliCd tolM.'t'howcloetlytheyre.emblf'dCAl'tingllN'llt 

~('r::~:7loo::. Oalcutt&., where it i, hOWD tb,t lpecies of 
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10a hcightof 2! inchC}<. The tallc!-;tofthc.~ 
which were measureJ was 3':l inche>l in height 
and 1 inch in diameter. A. small cylindrical 
pru;sago rUl1s up the centrd of <!.'\ch to\V~r, 

through which tho worm a!,cend~ to t~ect. the 
earth which it has swallowed, and thwi to 
add to if:8 height . .A structure 01' thiH kiwI 
would not allow leaves being casily drag-gell 
from the surrounding ground into the Imr· 
rows; and Dr. King, who looked carefully, 
nevor saw oven a fragment of a. lcaJ t1\U.~ 

drawn in . :Nor could any traoo be di~l\'creJ 
of the worllls having crawled down tlJO ex· 
teriol' slIl'f<!.ces of the towers ill search of 
le.'\ve~; and had done so, tracks wouM 
almost cert.'l.inly Imye left on the upper 
part whiltst it l"emainoo soft. It docs not, 
howeyer, follow tbat thc~ worms do not 
draw leaves into their burrows during ROme 
other season of the year, at which time they 
would not build up their towers. 

From the several foregoing C3!-;C:'l, it call 
hardly be doubted that worrm:! swallow earth. 
not only for the sake of making their Lur· 
rows, but for ohtaining fOod. liCIl!-;Cll, hoW­
ever, concludes from his an~ly8Cs of Inould 
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that worms probably could not live all 

ordinary vt.'getablc mould, though he admits 
that they might be nouri:;hcd to some extent 

by leaf-mould,- But we have seen that 
worms eagerly deyonr raw meat, fat, and 
dead worms; and ordinary mould 'can hardly 
fail to contain many ova, Jarvie, and small 
living or dead creatures, spores of crypto­

gamic plant."-, and micrococci,such as those 
which give rise to 8alt(>etl"e. These various 
orgalli!oms, together with some cellulose from 
ally leaves and roots not utterly decayed, 
might well account for such large quantities 
of mould being swallowed by worms. It 
may be worth while here to recall the fact 
tb:~tcert<.\in species ofUtricularia, which grow 

in damp placcs in the tropics, poS. ... C8S bladders 
beautifully constructed for catching minute 
subterrancan animals; and thClSC traps would 
not Im.\'e been developed unless many sillall 
animals inhabited such soil. 
\ TIle to tchiclt lcorm.~ penetrate, and 

tIle of tll£ir ~Ul'rOlC8. - Although 
WOl'lIlS llsua]]y live n<!ar the surface, yet they 

·'7""itci,rif! riir,.-~hart.z.IQI,~,;.'ij.Xl\,lii.18'i . 

I"3D I. 
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burrow to a. considerable depth during long. 
continued dry weather and se\'erc colli. In 
Scandinavia, according to Ei~ll, nnd in Scot. 
lanu, according to 'Mr. Linds.'\y Cnrnngie, the 
burrows run down to a depth of from 7 to 8 
feet; in North Germany, acconling to IIoft:. 
meister, from 6 to 8 feet, but IIen~en 8..'\yll, 

from 3 toG feet. '£his]atterobsen'crhasseen 
worms frozen at a depth of Ii feet beneath 
the surface. I have lIot myself had many 
opportunities forobscrvation, but [have often 
met with worms at depths of 3 to ., fl.'et. 
In a bed of fiue sand overlying the chalk, 
which had ne\'er been disturbed, a worm was 
cut into two at 55 inche~, and another wa.~ 
fonnd here at DOWll in December at the bottom 
ofii.a burrow,at6I incbesbcneath the sllrface. 
Lastly, in earth near an old Roman Villa, 
which had not been disturbed for many centn· 
ries, n worm was met with at a depth of 66 
inches; and this was in the middle of August. 

The burrows run dowlJ perpendicularly, or 
more commonly a little obliquely. They are 
Haid sometimes to branch, but fiS fill' as I han~ 
seen thi~ does not occur, except in recently 
dug ground and near the burfacc, They are 

Darwin Online: BYH?S~~S~~~e~~t~~o~d~~)es of the Natural 



CU,U'. II. COXSTnuG'l'IO~ QI.' THEm nuuRowS, 113 

genem Jly, or as I belie\"e invariably, lined 
with a. thin layer of fine, dark·eoloured earth 
"oided by the worms; so that they must 
at first be made a li ttle wider titan their 
ultimate diameter. I have seen severa l 
burrows in undisturbed sand thus lined at 
l\ depth of 4. ft. 6 in.; and others close 
to the surface thus Jined in recently dug 
ground. The walls of fresh burrows are 
often dotted with little globular pellets of 
voided earth, still soft and viscid; alJd tbese, 
as it appears, are spread out on all sides by 
the worlll as it travels up or down its bUiTOW. 
The lining thus formed becomes very com. 
pact a.nd smooth when llearly dry, and 
clo~ely fits the worm's body. The minute 
reflexed bri!:!t1es which project in rows all 
all sides frolll the body, thus have excellent 
points of support; and the burrow iSl'endered 
well adapted for the rapid movement of the 
animal. T he lining appea.rs also to strengthen 
the walls, and pcrhaps sayes the worm's body 
from being scratched. I think so because 
bc\'cml burrows which passed through a layer 
of sifted coal-cinders, spread over turf to a 
thickncssof l~ inch , ha.d been tll1lRJinoo to an 
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unusual thickne,,;.s. In this ca~ the worm,;, 
judging from the casting':'!, had pu,;hcd the 
cinders awa.y on a.ll sides an,1 ha,l lIot 

swallowed a.ny of them. In another 
burrows simila.rly lined, paSl-icd 

of coarse coal-cinders, 3~ in 
We thus see tha.t the hurrows nrc 

not mere exca\'ation~ but may rather be 
compa.red with tunnels lined with cement 

The mouths of the burrow are in ac.ltlitiou 
often lined with leaves; and this is an in~tinct 
distinct from that of plugging them up, al\ll 
does not appear to have been hitherto noti(:cd. 
Many lea.ves of the Scotch-fir or pine (Pill1./,; 
sylvcstl'i8) were given to worms kept ill con­
finement in two pots; and when after severnl 
weeks the earth was carefully broken up, the 
upper parts of three oblique burrows were 
found surrounded for lengths of 7,1, awl 
3~ inches with pine-leaves, together witll 
fragments of other leaves which had been 
given the worms as food. Glass bead'! and 
bits of tile, which imd been strewed on the 
surfnceof the soil ,werestuck into thoillter­
stices between the pine-lbves; and thel'O 
interz;tices were likewise plastered with til. 
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viscid castings voided by the worms, The 
Btrllctures thus formed cohered sowell, that T 
succeeded in removing one with only a little 
earth adhering to it. It consisted of a slightly 
curved cylindrical case, the interior of which 
could Le seen through holes in the sides and 
at either end, 'I'he pinc.leaves had a ll been 
drown in by their bases; and the sharp points 
of the needles had been pressOO into the 
lining of voided earth. lIad this not been 
effectually done, the sharp points would have 
prevented the reu'eat of the worms into their 
hurrows; and these stnlctures would have 
resembled traps armed with converging 
points of wire, rendering the ingress of an 
animal easy and its egress difficult or im­
possible. The skill shown by these worms 
iR noteworthy and is the more remarkable, as 
theBcotch pine is not a native of this district. 

After having examined these burrows 
made by worms in confinement, [ looked at 
those in a flower-bed near some Scotch pines. 
T hese had a ll been plugged up in the ordinary 
m!\lmer with the leaves of tbis tree, drawn in 
fo r 1\ Icngth of from 1 to I! inch; but the 
mouth .. of many of them were likcwise Ijned 
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with them, mingled with fragments of other 
kinds of leavcs, drawn in to a depth of -l or;, 
inches. 'Vonns often remain, as formerly 
stated, for a long time close to the moutl18 
of their apparently for warmth; 
and the structures formed of 
leaves would keep their bodies from cowing 
into close contact with the cold damp earth 
That they habitually rested on the pine-Icavcl'l, 
was rendered probable by their clean and 
j\lmost polished surfaces. 

The burrows which run far down into Llll' 

ground, generally, or at lea!>t often, terminate 
in a little enlargement orchamLcl'. JTerc,ac­
cOl'Jiug to lioffmeistel', one or f;e\"emJ w(,rm~ 
pass the winter rolled up into a Lall. ..'.Jr, 
Linds.'\y Carnagie infonned me (1838) that 
he had examiued many burrows o"er a stonl"­
quarry in Scotland, where the overlying 
boulder-day and mould had recently LeCIl 

cleared away, and a. little vertica l clill' tbn,. 
left. In several cases the samebul1'ow was a 
little enlarged at two or three 
beneath the other; and all the 
mi nated in a rather largE' chamber, at a (il'pth 
of ~ KlI'. 8 tcet from the surface. 'l'he:se cham-
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hers contained many small sharp bits of stone 
and hu~ks of fiax-seeds. They must also 
have contained living seeds, for all the follow. 
ing spring Mr. Ca.rnagie saw grn.'!S-plants 
sprouting out of some of the intersected 
chambers. I found at .A.binger ill Surrey 
two burrows terminating in similar chambers 
at a depth of 36 and 41 inches, and the"e 
were lined or p<1.ved with little pebble8, 
about a8 large as mustard seeds; and in 
ODe of the chambers there was a decayed 
oat-grain, with its husk. Hensen likewitie 
states that the bottOLllS of the burrows lire 
lined with little stones; and where these 
could not be procured, seed::;, apparently of 
the I>e..'l.r, ba.d been used. ali muu'y as fiftceu 
having been carried down into a single 
burrow, ono of which had germinated,- We 
thus Sl'e how easily a bot<wist might be 
deceived who wished to learn how long 
deeply buried seeds remained alive, if he 
werc to collect earth from a considerable 
depth, 011 the supposition that it could 
contain only seeds which had long lain 
bUl'ied, Lt is l)fobable that the little stone~, 

• ·7..dt~hrir~nlr>l'i_nach.&ft..ZOo'I.g.·8.'l:niii,ll1ii,I .. 3;jt;, 

K :2 
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aswcl1a.sthe~s.arecarri<:ddowll from 
the surface by being swallowed; for a sur. 
prit;ing number of gla~s lx-ads, bit'! of tile 
and of glass were cerl'linly tllt\!~ carried down 

but 

:-;010 conjccture which I ron form why worJll~ 
line their winter.quarters with liltle stolles 

:-llld~ods,isto preventtheircl~cl'yooiled.up 

il()(lics from coming into clo~ contnct witll 
the !Surrounding cold soil; and !o\uch C0I1t.1ct 

would perhaps interfere with their rc.."I,iratiol1 
which is effected by the skin alo1\o. 

A worm after swallowing carth, wilctiler 
for making it.'! burrow or for food,Mon comes 
to the surface to empty its Ixxly. Tilcejecled 
ernt h is thoroughly mingled with fhe int<:!<tinal 
tseCl'ctions, find is thus rendered vil'Cid .• \fier 

hcing dried it sets hard. I klxe watched 
worms during the act of ejection, and when 
the earth was in a very liquid !.tate it was 
ejected in little spurt!:', and hy a f;low peri. 
t;laltic movement when not 80 It i~ 
not cast indilTerently on auy lmt with 
f'omecare, first on one and then on allGther 
I-icle; the tail being uscclalmost like a trowel. 
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When a worm come;; to the surface to 
earth, the t..'l.i l protrude~, but when 
leaves its head must protrude. 'Vorms there­
fore must have the power of turning round 
in their and this, Ul-I 

A, 
SOOIl as a heap has becn formed, the 
worm apparently avoids, tal" the sake of 

protruding its t.1.il; and the earthy 
is forced up through the previously 

deposited soft mass. The mouth of the same 
burrow is uscJ for this purpose for a consider­
able time. In the case of the towcr-like 

Fig. 2) and of the 
still taller towers Bengal 

(hereafter to be described and figured), a 
considerable degree of skin is exhibited in 
their construction. Dr. King also observed 
that the pns!,;3,ge up these towers hardly ever 
r;\1l in the same exact line with the under­
lying burrow, so that a. thin cylindrical object 
tiuch as a haulm of grass, could not be 
passed down the tower into the burrow; and 
this change of direction probably !>en'es ill 
l'IOme manner as a protection. 

\r orms do not alwaY8 eject their castings 011 
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the !;urfacc of the ground. When the~'can 
find any ca\-ity, as when burrowing in newh­
turned-up earth, or betwccn the "terns ~f 
hauked-up plants, they depo~it tlleir ca~ling1l 
in SllCh places. Ro again any hollow beneath 
a large stone lying OIl the surface of the 
ground, is soon filled up with their c:I!;ti llb'll. 

Accol'ding to IIensen, old burrow"" are 11ahitu­
ally used for this purpose; but as fill' as my 
f'xpcrience f:er\'es, this is not the case, except­
ing with those Ilear the surface inrCOlmt lydug 
g-rol1nd. I think that TIensen may have been 
deceived by the walls of old burrows, lineJ 
with hlack earth, having sunk in orcollap!ltld; 
for black streaks are thus left, llnd t hese arc 

conspicuous when passing through Jig!1t­
coloured soil, and might be mistaken for 
completely filled-up burrow~. 

It is certain that old burrows collapse in 
the course of time; fo r as wc F<hnll reein the 
next chapter, the fine earth \'oidOO by wormJ:, 
if spread out uniformly, would lorm in man~' 

in the course ofa year a layer Jof IlU 

so that at any rate this large 

amount is Dot deposited within the old unu.,ed 
burrows. If the burrows did not collnr~, 
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the whole ground would La first thickly 
riddled with holes to a depth of about ten 
inches, and in fifty years a hollow unsup"­
ported space, ten inches in depth, would be 
left. 'I'he holes left the decay of succes-
~iyely formed and plants must 
likcwisccollapse in the cOllrseoftime. 

The burrows of worms run down perpen­
dicularly or a little obliquely, and where the 
!;Oil is at all argiUaceous, there is no difficulty 
in bclie"ing that the walls would slowly flow 
or slide inwards during very wet weather. 
When, however, the soil is sandy or 
mingloo with many small stones, it can 
hardly be viscous enough to flow inwards 
during even the wettest weather; but another 
agency may bcre come into play. After 
much rain the ground swells, and as it cannot 
expand laterally, the surface rises; during dry 
weather it sinks again. For inst..'Ulce, a large 
flat stano laid on the surface of a field flank 
:1 ·33 mill. whilst the weather was dry between 
May 9th and June 13th, and rose 1·01 mm. 
between September 7th and 19th of the same 
year, much rain having fallen during the latter 
Imrt of this time. During frosts and thaws 
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the moyemcntR were twice N! great. The;\ 
ohsen~ations were made by my son I [oraCt', 

who will hereafter publil'h an account of the 
mo\'ements of this stone duriug NllCCC:lli'l'\: 

wet and dry seasons, and of the effect", of .tK 

being undermined by worms. Now wh~n 

the ground 8wcll~, if it be penetrated 0) 
cylindrical holes, such as worm-hurrol"l', 

their walls will tend to yield and he prc>t..ed 
inwards; and the yielding will be greater 
in the deeper parts (supposing til(.' whole 
to be equally moistcneJ) from the greater 
weight of the superincumbent soil which has 

to be raised, than in the parts near tho I;lIr­

face. When the ground dries, the walls will 
shrink a little and the burrows will be a 
little enlarged. Their enlargement, however, 
through the lateral contraction of the 

ground, will not be favoured, but !'ather op­
posed, by the weight of the superincumbent 

boil. 
DiJJtributi01' of TV07'f118.·-Earth-worms arc 

found in all parts of the world, and f:omc of 
the genera have an enormous range.- They 
inhabit the most isolated islands; they 

• Perrier, 'Arthi\'elde Zoolog.upt!r.' wm.3, p. 378, HIH. 
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abound in Iceland, and arc known to exi:;t 

in the West Indies, St. IIelt'na, Madagascar, 
Xew Caledonia and Tahiti. In the Antarctic 
regions, worms from Kerguelen Land have 

heen described by Ray Lankester; and 1 
found them in the Falkland Islands. liow 
they reach such isolated islands is at present 
quite unknown. They are easily killed by 
l>alt-water, and it does not appear probable 
that young worms or their cgg-capsules cou1O 
be carried in earth adhering to the feet or 
beaks of land-birds. :.uoreover Kerguelen 
L'md is not 1I0W inhabited by any land-bird. 

In this volume we are chiefly concel'lled with 
the earth cru;t up by worms, and 1 have g leaned 
a few facts 011 this l:iubject with respect to 

distant lunds. ' Yorms throw up plcnty of 
C.'\.Stillgsill the United St.'\tes. I n Venezuela. 
castings, probably ejected by species of 
Urochreta, are commou ill the gardens and 
fields, but not in the forests, as [ heal' from 
Dr. Ernst of Caracas. IJe collected 156 
cast.ings from the court-yard of his house, 
having an area of 200 square yards. They 
varieJin bulk from haifa cubic centimeter to 
6"ccubicccntimctcrs,andwcreon an aycragc 
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three cuLic centimeters. They were, th\!Tcfore, 
of I<mail t-ize in comparil:lOH with tho!'c often 
foun,1 in England; for I:'ix large castings from 
af:ieldneal'myhou~a"cragedlG cubiccenti­
meteril. Several speciclI of earth-worms are 
common in St. Catharina in South Brazil, and 
Fritz ~hi!ler informs me" that in mOf.;t parts of' 
"the forests alldpasture-landl:l, the whole soil, 
"to a depth ofaquartcr ofametre, looks ad ifit 
" had passed repeatedly through the inteatines 
"of earth-worms, even where hardly aoy cast­
"ings arc to be seen Oll the surface." A 
gigantic but very rare species is found there, 
the burrows of which are sometimes even two 
centimeters or nearly! of an inch in diameter, 
and which apparently penetrate the ground 
to a great depth. 

In the dry climate of New South Wales, I 
hardly expected that worms would be com­
man; but Dr. G. Krefft of Sydlley, to whom 
I applied, after making enquiries from 
gardeners and others, and from his own 
observations, informs me that their castings 
abound. IIe sent me some collected after 
heavy rain, and they consisted of little pellets, 
about '15 inch in diameter; and the blackened 
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8.'\ndy earth of which they were formed still 
cohered with considerahle tenacity. 

The late Mr. John Scott of the Botnnic 
Gardens nenr Calcnt!.'\, made many observa· 
tions for me on worms Ii ving under the hot 
and humid climate of Bengal. The castings 
abound almost c\'erywhere, in jungles and in 
the open ground, to a greater degree, as he 
thi nk~, than in England. After the water 
has subsided from the flooded rice-fields, the 
whole surface very soon becomes studded with 
castings-a fact which much surprised Mr. 
Scott, as he did not know how long worms 
could survive benea.th water. They cause 
much trouble in the Botanic garden, "for 
"wmeof tbe finest of Ollr lawns can be kept 
"in anything li ke orelcl· only by being almost 
"daily rolled; ifleft undisturbed for a few days 
"they become studded with large castings." 
These closely resemble those described as 
abounding ncar Nice; alld they are probably 
the work of a species of Pericbreta. They 
stand up like towers, with a.n open passage in 
tbecenlre . 

.A. figure of one of these castings from a 
photograph is bere given (Fig. 3). The 
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Jargl'l:it received by me was 3i incheH in 
height and 1'35 inch in diameter; another 

was only l inch in diameter aud ~i in height. 
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rn the following year, Mr. Scott measured 
!le"erai of tho largest; one was II inches in 
height and nearly Ii in diameter: two others 
Wel'e 5 inches in height and respectively 2 

and rather more than 2i inches in diameter. 
'('he aserage weight of the 22 castings scnt to 
me was 35 grammes (I i oz.); and one of them 
weighed 44'S grnrumes (or 2 oz.). All these 
("fIstings were thrown up either in one night 
or in two. Where the ground in Bengal is 
dry,:lS under Jal'gc trecs,castingsofa different 
l..;nd are found in "ast numbers: these COIl­

~istoflittleoval or conical bodi~. from a.bout 
fhe ~16 to rather abovc ,.'0- of all inch in 
length. They are obviously voided by a 
distinct species of worms. 

The period during which worms near 
Calcutta di~play such extraordinary activity 
l :l~t.s fo ), only a little over two months, 
namely, during the cool Re.'\~on after the rains. 
At this time they are generally found within 
about 10 inches beneath the surface. During 
the hot l"Ca~OIl they burrow to a gl'caterdepth, 
lind are then found coiled up and apparcntly 
hybernating. ) ( 1'. Scott has neyer seen them 
at a greater depth than 2~ fect, but has heard 
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of their having bccn found at 1 feet. W ithin 
the forCbL:, fresh castings may be found en'lI 

during the hot season. 'l'be worm~ in till' 
Botanic garden, during the cool find 
k!CaSOll, dmw mfllly leaves and li ttle 
iuto the mouths of t.heir burrows, like OUI 

English worms; but they rarely act in thi); 
manner during the rainy SCMOn. 

)( r. Scott s.'l.W worm-ca.stillgs 011 the lofty 
mount..'lins of Sikkim in }\orth Imlia. I II 

seen only during the W(~t season, and arc 
reportoo to be from l2 to 15 inches in lengtll. 
and flS thick as a man's little finger. The,.:.e 
caslillgs were collected by Dr. Killg after 
a period of 110 days without any rain; and 
they must have been ejected (;ither during 
the north-east or more probably 
the SQuth·we"t monsoon; for 

8uffered some disilltegl'ntion and 

they were penetrated by many fine root,;. A 
dra.wing i~ here given (Fig. J) of one which 
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seemiJ to have best retained its original size 
and appearance. Notwithstanding some loss 
from disintegration, fi,'e of the large.st of the:se 
castiugs (after having been well sun-dried) 
weighed ellch on an average 89'j grammc~, 

.\ wtin::: from tbe Nilgiri ltoontairu in fl..Ollth India; of 
u..to",lllze.en~vedrl'9m"l'llQh)~"'l'h 

or above 3 oz.; and the largest weighed 
] 23'14 grammes, or 4-i t)z.,-that is, above a 
quarter of a pound! The largest convolutions 
were rather more than one inch in diameter; 
but it is probable that they had sub$ided :\ litt le 
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whiL!;t 80ft, :mJ that their diameters iwl till]" 
been increased. Some had flowed RO much 
that they now conf'isted of a pile of almost Hat 
connuent cake'!. All were formed of fine, 
rather iigilt..-colomed earth . and \\(\1'0 surpri.'i-
ingly hard and compact, 110 doubt to 
the animal matter lly which particles of 
earth had be('n cemented together, 'fhey 
did uc.tdisintegrate, even when left for l:IOU:c 
hours in water. Although they had heell 
cast lip on the surface of graselly f;oil, they 
contained extremely few Lit" of rock, the 

of which was only 'Lf) inch ill 

Dr. King saw in Ceylon a worm about 2 
feet in length and linch in diameter; and 
he was told that it was a. very common species 

during the wet !.'eason. 'l'he:c worms mu~t 
throw up castings at leastns IaI'g-eaH tho::;eon 
the Xilgiri Mountainsj but lk King saw 
none during hill short visit to reylon. Suffi­
cient facts have now b<:cn given, !'.howing 
that worlllS do much WOl·];: in bringing up 
fine earth to the surface in IJlO~t or all parts 
of the world, and under the m(»lt different 
c1imatc~. 
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CHAPTER III. 

naleatwhicb "ario~objectaltrewed on the lur!'a.oe of grnss... 
liellbareeovereoiupbytheeutingaorwonna-Tbebun.lor 
'p',·edp'lh-The.lol'l'lIub!.h!eooeorpn.t'IQoelleft.outh~ 
lurf_The number of womll which live within a gh'en 
III_The weight or earth ejected from a burrow, and from 
rll] the burrow. within a given BpIC(I-'I'he thickueq of the 
laycr of mould which the cs.stiul,'11 on II given 8jlQOO would 
fO>ml wIthin a given time if unifurmlYlpread out-'1'he.low 

;:::c1~~;I~ich mould cao inc~1.SI to 11. grmt t1lickllell&-

WE now come to the more immediate subject 
of this volume, namely, the amount of earth 
which is brought up by worms from beneath 
the surface, aud is afterwards spread out more 
or less completely by the rain aUlI wind. The 
amount call be judged of by two motho<16,-­
by the mt.o at which objects left on Lhe 
surface nre Luried, and more accurately by 
weighing the quantity Ll'ougllt up within a 



gi\·cn timc. We ",-ill begin with the first 
methoc.l,as it was first folJowed. 

Ncar )(aer Hall in Staffordshire, quick.lime 

had been flprcad about the year 1827 thickly 
over a field of good pasture.laml, which had 
not sinco been ploughed. Somo squaro holes 
were dug ill this field in the beginning of 
October 1837; and the sections showed a 
layer of bu-r, formed by tho mattt!d roots of 
the grassc!l, ~ inch in thickncs.q , beneath 
which, at a depth of 2i inches (or 3 inches 
from tho surface), a layer of tho lime in 
powder or in small lumps could be distinctly 
seen running nIl round the vertical sides of 
the holes. '1'he soil beneath tho layer of 
lime was either gravelly or of a coarse sandy 
natme, and differed consideraLly in appear· 
allCC from the overlying dark-coloured fine 
lIlould. Cool-cinders had been spread oyer 
a part of this same field either in the year 
1833 or 1834; and when tl~c above holes 
were dug, that is after an interval of3 or4 
years, the cinders formed a lineofLlackspols 
round the hoks, at a depth of 1 inch beneath 
the surfnee, parallel to and above the white 
laJcr of lime. Over another part of this field 
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ciudertl had been strewed, ouly about half-a~ 
year before, and these either still lay on the 
surf.'looorwereent..'logled among-the roots of 
the gras."cs; and I here saw tIle commence­
mClIt of the burying process, for worm-cast-

had been heaped on several of the 
fragments. After an interval of 

41 ycaN! thil:l field was re-examined, and now 
the two layers of lime and cinders were found 

almost everywhere at a greater depth than 
before by nearly I inch, we will 8..1.y by i of 
an inch. Therefore mould to an average 
thickne~ of '22 of an inch had been annually 
brougllt up by the worms, and had been 
I'Ipread Over Ille surf.:'\cc of this field. 

Coal-cillders had been strewed over another 
field, at a date which could not be positively 
a.o:;ccrtaint-d, &l thickly that they formed 
(October, 1837) a layer, I inch in thickness 
at a depth of aLout 3 inches from the surface. 
The layer was so continuous that the over­
Iyillg dark vegetable mould wal:l connected 
with t.he sub-tloil of red clay only by the roots 
of the gra!).';Cs; and when these were broken, 
the mould and the red clay fell apart. In a 
thin] fidJ, Oil which l'Oal-cinuerti and bumt 



marl had been strewed several times at un­
known dates, holes were dug in 1842; anti a 
layer of cinders could be traced at a depth 
of 3! inches, beneath which at a depth of 
!1! inches f!'om the surf.tce there was a liut) 
of cinders together with burnt marl. On the 
sides of one hole 1 here were two of 
cinders, at 2 aod :::! inches beneath 
face; and below them at a depth in part" 
of fli. and in other parts of 10! inches thUl't, 
were fragments of burnt marl. In a f01lrth 
field two layers of lime, aile above the other, 
could be distinctly traced, and beneath them 
fI. layer of cinders and burnt marl at a depth 
of from 10 to 12 inches below the BudilCC. 

A. piece of waste, swampy land wa..;; 

enclosed, drained, ploughed, harrowed am! 
thickly co\'ered in the yf'3.r 1822 with LUl'Ilt 

marl and cinders. It was sowed with gro&~ 
seeds, and now supports 3. tolerably good but 
coarse pasture. Holes were dug in this field 
in 1837, or 15 years after its reclalllatiull, 
and we see ill the nccompallying diagram 
(Fig. 5), reduced to half of the natuml scale, 
tlJatthe turf was ! inch thick, beneath which 
there W~ a Inyer of vegetable mould 2~ inches 
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thick. This layer did not contain fragments 
of any kind; but beneath it there was a layer 
of mould, l~ inch in thickness, fu ll offragmenfs 

l-lg.6. 

S«:tion,rednoedtobalfthcnatoral_le,ofthc,·ezetablcmoulll 
iDa field. draIned aod reclaimed fifWeD,.ara previoudy; A. 
turf; B,vegetablemouldwithout .. "yllOneti C,mouldwith 
fragmcnl.ll ofbnrnt marl, oo.l-cindcl'1l and quartz pebble8; 
n, .ub«lil of hlaet, peat,. aDd witb quam pebblel\. 

of burnt marl, conspicuous from their red 
colour, one of which ncar the bottom was au 
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inch in length; and other fragments of coal. 
cinders together with a few white quartz 
pebbles. Beneath this layer alld at a depth of 
.J,~ inches from the F;urface, the original black, 
peaty, sandy soil with a few quart~ pebbles 
was encountered. H ere therefore the frag. 
ments of burnt marl and cinde rs had been 
covered in the course of 15 year!! hy a layer 
of fine vegetable mould, only 24 inches in 
thickness, excluding the turf. Six and a Lalf 
years subsequently this field was re-examined, 
and the fragments were now found at from 
t to 5 inches beneath the surfacc. So that 
ill this interval of G! yearn, avollt l~ inch of 
mould had beenaJded to the superficial layer. 
I am surprised that a greater qU:Ultity had 
not been brought up during the whole 21~ 
years, for in the closely underlying hlack, 
peaty soil there were many worm>!. I t j", 

however, probable that formerly, whilst the 
land remained poor, wonus were gc.,\llty; and 
tho mould would then have accumulated 
slowly. The averngc ann ual increa!'e of thick­
ness for the whole period is 'I !) of all inch . 

'1'wo other cases are worth recording. In 
the spring of 183J, a. flcM, whic h Imd 
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long existed as poor pasture and was so 
swampy that it trembled slightly when 
litamped on, was thickly covered with red 
sand so that the whole surface appeared at 
first bright red. When boles were dug in 
tbis field after an interval of about 2:1 years, 
the sand formed a layer at a depth of i in. 
beneath the surface. In 1842 (i .e., 7 years 
after the sand Imd been laid on) fresh holes 
were dug, and now the red sand formed a 
distinct layer, 2 inches beneath the surface, 
or 1~ iuch beneath the turf; so that on an 
average, '21 inches of mould had been annu­
ally brought to the surface. Immediately 
beneath the layer of red B..'l.ud, the origiual 
substratum of black sandy peat extendod. 

A.. grass field, likewise not far from ~faer 
JIall, had formerly been thickly covered with 
marl, and was then left for several years as 
pasture; it was afterwards ploughed. .A. 
friend had three trenches dug in this field 
28 years after thc application of the marl,· 

·'Thil_~given in I poBtKript to mYf8per in the 
'Tl1lJlS&Ct.Oeolog.Soc.'(VoI.v.p.50S),and oontaiUl II aerioUll 
crror,lIIIintbll&ccountrooei'ed, I mmtook the figure SO for 80. 
The tenlnt, moroover, fonnerly aaid that he ha.i marled the field 
tlUrtYYClrI berore, hnt" .. now positive that th~w .. !lune in 
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and :\ layer of the marl fragments could he 
traced at a. depth, carefully measurCtI, of L2 
inches in some parts, and of 14 inches in 
other parts. This difference in depth dt ... 
pended on the layer being 11orizontal, whil:.;t 
the surface consisted of ridges and furrows 
from the field having been ploughed. The 
tenant M::Iurcd me that it had never been 
turned up to a. greater depth than from 6 to S 
incllCs; and as the fragments formed an un­
broken horizontal layer from 12 to 14 inches 
beneath the surface, these must have been 
buriod by the worms whilst the laud was 
in pasture before it was plollghed, for other­
wise they would bave been indiscriminately 
scattered by the plough throughout the 
whole thickness of the soil. Four-and~-half 

years afterwards I had three holes dug in 
this field, in which pot."\toes had been lately 
planted, and the layer of marl-fragments was 
now found 13 inches beneath Ule bottoms of 
the furrows, and therefore probably 15 inches 

1800,thati.twellty-eightycanbefol't!thefil'ltenmillAtionoi 
the field by my friend. Theerror, .. raru the filrUre80 ill 

OQncerned, wu corrected in an article by me, in tho • Gardenm' 
ChfOIlic1e,' l&H,p. 218. 
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beneath the general level of the field. It 
should, however, be obsen'ed that tho thick­
ness of the blackish sandy soil, which had 
been thrown up by the worms above the marl­
ftagments in the course of 32! years. would 
have measured less than 15 inches, if the field 
had always remained as pasture, for the soil 
would in this case have been much more 
compact. 'I'he fragments of marl almost rested 
on an undisturbed 8u~tratum of white sand 
wifh quartz pebbles; and as this would be 
little attractive to worms, the mould would 
hereafter be very slowly increased by their 
action. 

We will now give some cases of the action 
of worms, on land differing widely from 
the dry lk1.udy or the swampy pastures just 
described. l'be chalk formation extends all 
round my house in Kent; and its surface. 
from having been exposed during an immense 
period to the dissolving action of rain-water. 
is extremely irregular, being abruptly fes­
tooned and penetrated by many deep well­
like cavities.· During the dissolution of the 

·Th_ritt;orpipeiareltilJin~or{onnation.DuriDg 

tbela.ttrortYYea/'llhavelOOllorhe&rdO!llve~in .. , .. hicha 
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chalk, the insoluble matter, including a vast 
number of unrolled flillts of all r,izillI, has 

eircu!lIr8p1OO,lel"eralro'O!t i ndiamek'r,'lId,!enlyrt!lIin,leavi~ 
O!I the lield an opt'n holewitb perpendicular _id''',lIOme feet in 
depth, 'Ini. ooourmi in ont! or my own fi"ld~, whil.t itwna 
bcj!)grollcd,andthel1indcrqulU"tel'loflhu~hllrtho_ft'llln;I"0 
or three cart..loadl of rubbish were requir~11 to Illl up the hole. 
'I'belubaidl:'neeoocurredwhtrelhereWILII a I,road drpre.ion,u 
iflh~rr_hadralleninatlle\'eralformerl ... riu(} .. IMvd 
of a hole which m\l.lltha\'eOOen .ndd~nly f"rmt...Iatthe bottolQ. 
of.a:malllhaliowpool,whereBhe<-plwlb<'t·n\\-..beddllring 
Dl&llyyeaa,andintowhich'Dl&llth!l.oo:upi.l~lrdl tohwgreal. 
terror. 'I·hel'lin-w.tero .. erthitwh"ledilllrictIJiIlU~D­
dicularlyiuto the grouud,but the chalk it more Jooroul in certain 
Iliacet than in others.. Thus the dmiDa~e frum the overlying 
elayisdiroetcdtoC('rt8inpointa,whel'6aJ.\'l\'Swramountorea1-

::~:I.~::~~:t1=I;o~~a~ et~~-:I~~e~haT;cn :::e= 

is.lowly dilllOlvoo over the whole oountry,bul Il")ro inIVrue 
lJII.rlsthaninotben,the undi.8s0lvoo reIIil1u~-thllt ittboower­
lyingmJl.&lofredcmywithftinta,_likewi., Bi"kl~luwlydo1fJl, 
and teool to fill up the pipea or ca.vitlt$. UUltheupprrparl 
oftbe rod ci&y boldstogcthcr,lIidl'd probably by tile l'I)UUo{ 

plllDt-,toraIOll~rtim<'!tban theIQwcrrerts,audthu.f"nDII 
aroor,whicbllOO!leroriat.er fall&in,Nintheabovemcntioooeo.l 
fivt!ca-. '1'he downwardmol"emen~or the clay may be com­
paredwithtbatofag1acier, hutiaincomrel'lbly!ll()wer;"oothill 
movoment IOOOUUta fora singular fact,namely, IMt the much 
dOllllatOO t1intawhicb are embeddl...I in tho chalk in" n...vly 
l,orizontal poIitioD,areoommonly found atllnding uel\Tlyorquite 
upriglltin the rod clay, 'l'his raclisJ()cummun that the work­
mcnauuredmethatlhi.wllllthciruaturalposilion, I TOnghly 
1i1cMun...I ont! wbich stood vertically, and it WILlI of the .me 
len;th and o(theurne relativo thielm_uone uf my arma. 
'l'he.eelun;;atedflint8mustgetpJaoeJinlbeirupril;htl' itiun, 
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been left on the surface and forms a bed of 
Rtiff red clay, full of flints, and generally 
from 6 to L·1 fect in thicknes.~. Over the red 
clay, wherever tbe land has long remained as 
pasture, there is a layer a few inches in 
thickne!'ls, of dark-coloured vegetablo mould. 

A quantity of broken chalk was spread. 
on December 20, 1842, over a part of a field 
UC<lr my hom;e, which had exidted as pasture 
certainly for 30, probably for twice or thrice 
as many years. The chalk was laid on the 
land for the f;ake of observing atlOOlUo future 
period to what depth it would become buried. 
At the end of November, ISil, that ienner an 
interval (If 2!) years, a trench was dug across 
this part of the field; and a line ofwhitc nodules 
could be traced on both sides of the trench, at 
a depth of 7 inches from tho surface. '1'ho 
mould, therefore, (excluding the turf) had 

ootlle.mll prineil'le thala trunk ora tn.'Il left 00 a glacier 
llaulIlelialuilioll 11IImllei to tho line of motiou. The mots 
in tho clllY which ronn aiwoat halC its bulk, are very often 
hrokc.n, thou,,1> llot rolled or abra(loo i and tbill may be II()-o 

OVUUll'<.l for bythc.irmutual preo<&ul'(',whilHt tbewboleIllUlia 
lul."lin'.IUlllylUldthllttbecha]khcreaJll'earstoba\·ebeen 
otigiUllUyoov<;roolll].r\$hya lhin~offill~lIt.ndwith.r..1Il(l 
l.erfcctlYl'IJIludeJthlltl'.:bblea,l,robablyofTertiarY"I;eif'ormch 
IIt.lldoftcnll&rtly fi]\sllpt!Jlldl:t.1~rpit.llorcavhicl ill tbechalk. 
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hero been thrown up at an average rate of 
'22 inches per year. Beneath the line of 
chnlk nodules there was in p.'l.rts hardly an~' 
fine earth free of flint~J while in other part!:i 

2,t inches in tllickness. In 
thil!llattcrcase mould waa Illtogethcr fj} 

inches thick; and in one such spot a. nodule 
of chalk and a smooth flint pebble, both of 
which must have been Jeft at some form!::r 
time on the surface, were found at this 
depth. At from 11 to 12 inches beneath 
the surface, the undisturbed reddish clay, full 
of flints, extended. The appearance of the 

above nodules of chalk surprised me much 
at first, as closely resembled water-
worll pebbles, the freshly-b roken 
fragments had been angular. But on ex­
amining the nodules with a lens, they no 
longer appeared water-worn, for their surfaces 
were pitted through unequal corrosion, and 
minute, sharp points, formed of broken fossil 
shells, projected from them. I t was evident 
that tho corners of the original fragmentaof 
chalk had been wholly dissolved, from pre­
se~ting a. large surface to tbe carbonic acid 
dissolved in the rain-water and to that gcner-
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ated ill soil cont.'\in ing vegetable matter, as 
well as to the humus-acids.· The projecting 
corners would also, relatively to the other 
parts. have been embraced. by a larger num­
ber of living rootlets; and t.hese have the 
power of even attacking marble, as Sachs has 
shown. Thus, in the course of 29 years, 
buried angular fragments of cha.lk had been 
converted into well-rounded nodules. 

Another part of this same field was mOtiSy, 
and as it was thought that sifted coal·cinders 
would improve the pasture, a tlJick layer was 
spread o\'er this part either in 18-12 or 1843, 
and anot.her layer some years afterwards. 
In IS71 a trench was here dug, and many 
eilHlers lay ill a. line at a depth of 7 
inches beneath tllo surface, with another line 
a.t a depth of 5! inches parallel to the one 
Leneath. In another part of this field, 
which had formerly existed as a separate 
one, and whieh it was believed bad been 
pal>turc-laud for more than a century, trenches 
were dug to see how thiek the vegetable 
mould was. By chance tho first trench was 
maue at a spot ",here at some former period, 

• S. W.Juilnll<lll,'lIowCrop.FooJ,' lS"l'O,p.139. 
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certainly more than forty years before, a 
large hole had been filled up withcoarsc red 
clay, flints, frngmellts of chalk, and gravel; 
and here the fine vegetaule mould was on ly 
from 4} to inche~ in thickncss. I n 
another and place, tl lo mou ld 
varicd much ill namely, from ()~ 
to at inches; beneath a. fe\v small 
fragments of brick were found in one 
place. From these several C3.ticS, it would 
appear that during the lal;t 29 yenrs moultl 
hal; been hea.ped on the surface at all 
a.verage annua.l rate of from ' 2 to '22 of au 
inch. But in this district when a. ploughed 
ficld jB finst laid down in gra!':s, the mould 
accumula.tes at a. much slower rat.c. T he 
ratc, nlsa, must become \'cry much slower 
after a. bed of mould, se\'erai inches in thick­
n~, has been formcd; for the worms then 
live chiefly near the surface, and burrow 
down to n. greater depth 00 as to bring up 
fresh earth from below, on ly during the 
winter when the weather is very cold (at 
which time worms wcrc found in this fie ld at 
a. depth of 20 inches) and durillg summt:r, 
wben tbeweatber is \'ery dry. 
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A field, which adjoins the one just de­
&'ribcd, !>Iopes in one part rather steeply 
(viz.,nt from 100 to 15°); this part was last 

ploughed in ISH, was then 113rrowed and 
left to become pasture-land. For severa l 
years it was clothed with an extremely scant 
vegetatioll, and was so thickly covered with 
small and large Hints (some of them half as 
large as a child's head) that the field was 
always cnlJcd by my SOilS 4, the stony field." 
When they ron dOlVn the slope the stones 
clattered together. I remember doubting 
whether [ should live to see these Inrger fl ints 
oo\·cred with vegetablc mould and turf. But 
the smallel· stoncs disappc..'l.red before many 
years had as did every oue of the 
larger ones a time; so tbat after thirty 
years (IS71) a hon;e could gallop over the 
compact turf from one end of the field to tht> 
other, alld not strike a single stone with hit 
shoes. '1'0 anyone who remembered the 
appearance of the field in I S· l2, the transfor­
mation was wonder fu l. This was certain ly 
the work of the worms, for though castings 
were Jlot frequent for severnl years, yet. some 
were thrown up mouth after month, and 
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these gradually increased in numbers as the 
pasture improved. In the year 1871 a 
trench was dug on the above slope, and the 
blades of grass were cut off close to the roots, 
so that the thickness of the turf and of the 
vegetable mould could be measured accur­
ately. The turf was rather less than half an 
inch, and the monld, which did not contain 
any stones, 2~ inches in thickness. Beneath 
this lay coarse cla.yey earth full of flints, like 
that in any of the neighbouring ploughed 
fields. 'lihie coarse earth easily fell apart 
from the overlying mould when 1\ spit was 
lifted up. The average ra.te of accumulation 
of the mould during the wholo thirty years 
was only '083 inch per year (i.e., nearly one 
inch in twelve years); hut the rate mUbt 
have been much slower at fil'tit, and after· 
wards cousiderably quicker. 

Tho transformation in the appearance of 
this field, which had been CffL'Ct(:d beneath 
my eyes, was afterwards rendered the more 
striking, when I examined in Kuole Park 
a dense forest of lofty beech·trceil, beneath 
which nothing grew. nere the ground wa:< 
thickly strewed "ith large naked stone"" and 
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wonn-castings were almost wholly absent. 
ObM:ure lines and irregularities on the sur­
face indicated that the land had been cul­
tivated some centuries ago. I t is probable 
that a thick wood of young beech-trees 
sprung up 80 quickly, that time enough was 
not allowed for worms to cover up the srones 
with their castings, before the site became 
unfitted for their existence. Anyhow the con­

trost between the state of the now miscalled 
"stony fie ld," well stocked with worms, and 
tile present state of the ground beneath the 
old beech-trees in Knole Park, where worms 
appeared to be absent, was striking. 

A narrow path running across part of my 
lawn was paved in 1843 with small flag­
... -tones, set edgeways; but worms threw up 
many castings and weeds grew thickly be­
tween them. During several years the path 
was ,reeded and swept; but ultimately the 
weeds aud worms prevailed, and the 
gardener ceased to sweep, merely mowing off 
the weeds, as often as the lawn was mowed. 
The pnth soon became almost covered up, 
and after several years no trace of it was 
left. On removing, in 1877, the tbin over-
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lying layer of turf, the small Oag-.I:;toncs, all 
in their proper places, were found COYcrOO 
hy an inch of fine mould. 

' Two recently published accounts of sub­
stanccsstrewedoll the surface of pasture-land, 
having become buried through tho action of 
worms, may be here noticed , '1'he Rev, 
TI. C, Key ba.d a ditch cut in a field, o"~r 

which coal-ashes had been spread, as it was 
helieveJ, eighteen years before; a.nd on the 
cJean~ut perpendicular sides of the ditch, at a 

depth of at least seven inchCfI, there coul,j be 
ioiCCn, for a length of 60 yards, <I a distinct, \'cry 
<loven, narrow line of coal-ashes, mixed with 

"small coal, perfectly paralle l with tllo tf)P­
"sward,"· 'I'his parallelism and the length of 
the section g ive interest to the case. ~'Ondly, 

Mr.Dancerstatesftbatcrusbed bones hadbecn 
thickly strewed c,'er a field; and <l some years 
"afterwards " these were found "several inches 
"below the surface, at a uniform depth." 

The Rev, Mr. Zincke informs me that he 
h3.S lately had an orchard dug to the unusual 
depth of 4 fcct. The upper ) 8 inches consi:-ted 

• 'XlI.lure,'Sovember1877,1'.2i1, 
t'!'roc.PhiLSoc.'ofManchetter,18ii,p.:?.{i. 
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of dark·coloured vegetable mould, and the 
next IS inches of saudy loam, containing in 
the lowcr part many rolled pieces of sand· 
stone, with some bits of brick and ti le, probably 
of Roman origin, 3.S remains of this period 
have been found close by. '1'ho sandy loam 

rested on an indurated ferruginous pan of 
yellow clay, on the surface of which two 
perfl.'Ct celts were found. If, as seems pro­
Lable, the celts were originally left on the 
surface of the land, they have since been 
co"crw up with earth 3 feet in thickness, all 
of which has probably passed through the 
bodies of worms, excepting tbo stones which 
may ll:lvO been scattered on the surface at 
different timeg, together with manure or by 
other means. It is difficult otherwise to 
undcr~t."md the source of the IS inches of 
sandy loam, which differed from the overlying 
dark vegetable mould, after both had been 
burnt, only in being of a brighter red colour, 
and in not being quite so fine-grained. But 
on this "jcw we must suppose that the carbon 
in vegetable mould, when it lios at some little 
depth beneath the surface and does not COll­

tinually receive decaying veget.'\bJe maUer 
~ 2 
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from above, loses ita dark colour in the cour:;e 
of centuries; but whether this is probable I 
clonot know, 

'Worms appear to act in the same manner 
in New Zealand as in Europe; for Professor J, 
von Haast has described· a section near the 
coast, consisting of mic(Hchisi, "covered by 
If 5 or 6 feet of loess, above which about 12 
"inches of vegetable soil had accumulated," 
Between the loess and the mould t here was 
:~ Jayer from 3 to 6 inches in thickness, 
consisting of "cores, implements, flakes, and 
., chips, all manufactured from hard basaltic 
"rock." It is therefore probable that the 
aborigines. at some former period, had left 
these objects on the surface, and that they 
had afterwards been slowly covered up by 
the castings of worms. 

Farmers in England are well aware that 
objects of all kinds, left on tho surface of 
pasture-land, after a time disappear, or, as 
they say, work themselves downwards. How 
powdered lime, cinders, and heavy stones, 
can work down, and at the same rate, 
through the matted roots of a grass-covered 

• ''1'n.DI.DftheNewZeshndIWltilute,',·o1.xii..18t1O,p.15:? 
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surface, is a. question which has probably 
never occurred to them.-

The Sinking of great Stones througlt tlu! 
Action of JVorms.-When a stone of large 
size and of irregular shape is left on tilt 

Hurface of the ground, it rests, of course, 
on the more protuberant parts; but worms 
soon fill up with their castings all the hollow 
spaces on the lower side; for, as Hensen re­
marks, they like the shelter of stones. .As 
soon as the hollows are filled up, the worms 
eject the earth which they have swallowed 
beyond the circumference of the stones; 
and thus the surface of the ground is raised 
all round the stone. As tho burrows ex­
cavated directly beneath the stone after a 
time collapse, the stoDe sinks a. little.t Dence 

·lIr. LinJ .. yOam&llie,inaletter(Jnnel838)toSirC.Lyell, 
",maro tllll~ I)cQtcb (arml·TI are afraid of putting lime on 
I'Lu~bedland until jultber(lrei~ia\aiudown {orpasture,from 
n belief that it bll.illOllle tendency w.ink. lIe addt; "Som~ 
yen. ... 8inoe. iu autumn. I laid lime on an oot-elubbleand I'loughed 
itdl)"'·n; tbu. bringing it iuto immediate contact with thedeau 
,·,;;"tablen.auer,andaec:urinSltathoroughmiunrethroughtbe 
mea.n.of all 1.b1l,1Ibaeqllent opern~ions nr fallow. In oou.equenc.: 
or the above prejudice. Iwu oonsidtred to have commiuailt. 
great rl\\I1~; but the re,ul~ wu eminently luooeasful. 8nd til!l 
rractice wu pu.rli4lly (nUowed. By mealill of lIr. ))arwiu', 
OOIe"l.tiOlll,lthioktbeprejudioo.,,·illberemov..,.]:' 

t Tbia cow:lu.i"n,wbicb,uVo·ewllimmtdil.tely_,iafully 
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it is, that boulders which at some ancient 
period have rolled down from a rocky moun· 
tain or cliff on to a meadow at its base, are 
always somewhat imbcdtled in the soi l ; and, 
when removed, lease an exact imprefl!'.ion of 
their lower surfaces in the underlying fine 
mould. If, however, a boulder is of such 
huge dimensions, that the earth beneath is 
kept dry, such earth will not be inhabited 
by worms, and the boulder will . not sink 
into the ground. 

A lime-kiln formerly stood in a grass-field 
near Leith Hill Place in Surrey, and was 
pulled down 35 years before my viliit; 
all the loose rubbish had been carted away, 
excepting three large stones of quartzose 
sandstone, which it was thought might here­
after be of some use. .An old workman re­
membered that they had been left on a hare 
flurface of broken bricks and mortar, close to 
the foundations of the ki ln; but the whole 
surrounding surface is now covered with turf 
a.nd mould. The two largest of these stones 

jUltifiM,iloflOmeJittleimpoI'IIlDce,llIlthellO-(lRl1edbo:nch.st<.n,'S, 
",hlchlurvey(\r. HI m the ground l1.li "reoord c>fth.il'le,-d .. 
may in tim~ booome false Btandards. ltYlOn lIoracainl II at 
IOm~ fJtnrel"'riool to&&Cerwnhow fllrtbl,huoccutrW. 
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had ncver since been moved; nor could this 
cnsily ha,'e been done, as, when I had them 
removed, it was the work of two men with 
ic\'ers. One of these stoneA, and not the 
largest, was 64 inches long, 17 inches brood, 
and from 0 to 10 inches in fhickncss. Its 
lower surface was somewhat protuberant in 
the middle; and this part still rested OJ) 

Lroken bricks and mortar, showing the truth 
of the old workman's account. Beneath the 
urick rnbbish the natural sa,ndy soil, full of 

fragments of sandstone was found; and this 
could have yielded yery httle, if at all, to 
file weight of the stone, as might have been 
expected if the EiUb-soil bad been clay. The 
burfacc of the field, for a di!>iance of about 
9 inches round the stone, gradually sloped up 
to it, and close to the stone stood in most 
places ahout 4 inches above the surrounding 
ground. The lxu;c of the stone was buried 
from 1 to 2 inches beneath the general level, 
and the upper surface projl·cted about 8 
inches above this lonl, or allOut 4 inches 
above the sloping border of turf. After the 
removal of the stone it bec..'\me evident that 
one of ib; pointed ends must at 6rst have 
stood clear above the ground by some iDcho..., 
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but its upper surface was now on a level 
with the surrounding turf. When tbe stone 
was removed, an exact cast of its lower 
~ide, forming a shallow crateriform hollow, 
was leftJ the inner surface of which consisted 
of fine black mould, excepting where the 
more protuberant parts Tested on the brick­
rubbish . A transverse section of this stone, 
together with its bed, drawn from measure-

Fig.G. 

'l'ral13\'Cl'8eaectionlC~alargellone,whlellhatllain(Olla 
graa-6eldfur35yt'MI. A A, general hl\'e! of the lidd. The 
untlcrlymg brii;it rubbi.h ha.s nothl!c!n rtJ,raeDted. Sca.le 
jinehtoOilefoot. 

ments made after it had been displaced, is 
here given Oil a scale of t inch to a foot 
(Fig. 6). Tho turf-covered border which 
sloped up to the stone, consisted of fine 
vegetable mould, in one part 7 inches in 
thickness. This evidently consisted of worm· 
ca8tin~f several of which bad beon recently 
ejected. 'rho whole stone had sunk in the 
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thirty~five years, as far as I could judge, 
about I! inch; and this must have been due 
to the brick-rubbish beneath the more pro-­
tuberant parts having been undermined by 
worms. A t this rote the upper surface of the 
stonc, if it had been left undisturbed, would 
have suuk to the general level of the field 
in 247 .)'ea.rs; but before this could have 
occurred, some earth would have been wAAhed 
down by heavy rain from the castings on the 
rni"Cd border of turf over the upper surface 
of the frtonc. 

'l'hc f:ccond stone was larger than the one 
just described, viz., 67 inches in length, 39 in 
hreadth, and 15 in thickness. The lower 
fiurfilce was nearly flat, so that the worms 
Illustsoon have been compelled to eject their 
ca.'itings beyond its circumference. The stone 
as a whole had sunk about 2 inches into the 
ground. At this rate it would have required 
2(j2 years for its upper surface to have sunk 
to the general level of the field. 'l'be up­
wardly Rloping1 turf-covered border round 
thestonc was broader than in the last case, 
\·i7.., from 11 to 16 inches; and why this 
should be so, 1 could see no reason. In most 
parts this Lorder was not so high as in the 
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last case, viz., from 2 to 2~ inchcl'l, Lilt ill one 
place it was as much as :j~. hI! ayernge 
height close to the stone was prohahly about 
3 inchel'l, and it thinned out to nothing. If 
so, a byer of fine earth, 15 inches in breadth 
and l~ inch in a"erage thicknel'la, of sufficient 
length to surround the whole of the much 
elongated slab, must have been brought up 
by the worms in chief part from beneath the 
stone in the course of 35 years. Thill 
amount would be amply sufIicient to acoount 
for its having sunk about 2 inches into the 
ground j more especially if we bear in mind 
that a good dt:'td of the finest earth would 
have been washed by heavy min from the 
castings ejected on the sloping border down 
to the level of the field . Some fre~h castings 
were seen close to the stone. Nevertheles~, 

on digging a. large hole to a depth of 18 
inches where the stone had lain, only two 
wonns and a few burrows were seen, although 
the soil wa." damp and seemed favourable for 
worms. There were some large colonies of 

anta beneath the stone, and po~'libly Ilinee 
their establishment the worms had decreased 

in number. 
The third stone was only about half 3S 
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largo as the others; and two strong boys 
could together have rolled it oY(>r. I ha\'e 
no doubt that it had been rolled over at a 
moderately recent time, for it now lay at 
some dil:itnnce from the two other stones at 
tho bottom of a little adjoining slope. It 
rei:itecl also on fine earth, instead of partly on 
brick-rubbish. In agreement with this can­
clu~ion, the raieed surrounding border of 
turf was only 1 inch high in some parts, and 
2 inches in other parts. There were DO 

colonies of ants beneath this stone, and all 
digging a hole where it had lain, several 
burrows and worms were found. 

At Stonehenge, some of the outer Druidical 
stoneR are now prostrate. having fallen at a 
remote but unknown period; and these have 
hecome buried to a mooerate depth in the 
ground. They are surrounded by sloping 
borders of turf, on which recent castings were 
seen. Close to one of these fallen stones, 
which was 17 ft. long, 6 ft. broad. and 28i 
inches thick, a hole was dug j and hero the 
veget.'\ble mould was at least O§ inches in 
thickness. At this depth a flint was found, 
and a little higher up all one side of the hole 
a fragment of gla8S. The bal'le of the stone 
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lay about 9! inches beneath the level of the 
surrounding ground, and its upper surface 
19 inches above the ground. 

A hole was al!K) dug close to a second huge 
stone, which in falling had broken into two 
pieces; and this must have happened long 
ago, judgiug from the weathered aspect of 
the fractured ends. The base was buried to 
a depth of 10 inches, as was ascertained by 
driving an iron skewer horizontally into the 
ground beneath it. The vegetable mould 
forming the turf-covered sloping border round 
the stone, on which many castings had re­
cently been ejected, was 10 inches in thick· 
ness; alld most of this mould must have been 
brought up by worms from beneath its Lase. 
At ndistance of S yards from the stone, the 
mould was only 5! inches in thickness (with 
a piece of tobacco pipe at a. depth of 4 inches), 
and this rested on broken flint and chalk 
which could not have easily yielded to the 
pressure or weight of the stone. 

A strnight rod was fixed horizontally (by 
the aid of a spirit·level) across a third fallen 
stone, which was 7 feet 9 inches long; and the 

contour of the projecting parts and of the ad· 
joining ground, which was not quite level. 
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was thus ascertained, as shown ill the ac­
companying diagram (Fig. 7) on a scale of 
! inch to <I. foot. The turf-oovered border 
sloped up to the stone on one side to a 
height of 4 inches, and on the opposite side 
to only 2~ inches above the general level. 
A hole was dug on the eastern side, and the 
b..'\lie of the stone was here found to lie at a 

depth of 4 inches beneath the general level 
of the ground, and of 8 inches beneath the 
top of the sloping turf-covercd border. 

Sufficient evidence has now been given 
showing that small objects left on the surface 
of the land where worms abound soon get 
buried. and that large stones sink slowly 
downwards through the same means, Every 
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step of the procesacould be followcd, from the 
accidental deposition of a single casting on a 
small object lying loose on the surface, to its 
being entangled amidst the matted roots of 
the turf, and lastly to its being imbcddf.!d in 
the mould at various depths beneath the 
surface. " Then the Sll.lIle field was re-ex­
ami ned after the interval ofa few ycarl:l,lSuch 

objects were found at a greater depth than 
before. The straightnCf!s and regularity of 
the lines formed by the imbedded objects, 
and their parallelism with the surface of the 
land, are the most striking featllrCl3 of the 
case; for th is parallelism shows how equably 
the worms must have worked; tIle resu lt 

being, howc\'er, partly tho effect of tbe wash­
iug down of the fresh castings by rain. The 
specific gravity of the objects does not affect 
their rate of sinking, as couM be st.'en by 
porous cinders, burnt marl, chalk and quart!/, 
pebbles, baving all sunk to the same depth 
within the same time. Con~ldcri ng the 
nature of the substratum, which at Leith TIill 
Place was sandy soil including many bits of 
rock, and at Stonehenge, chalk-rubble with 
broken Bints; considering, also, the prc:;ence 
of the turf-covered sloping border of mould 
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round the great fmgments of stone at hoth 
the&l places, their t:;inking does not appear to 
have bePn sensibly aided by their wcigh~ 
though thifl was considerable.· 

Oil tILe 1lumber of tcor·m.s widelL live tcitmn 
Il gin'n lpUce.-We will now show, firstly, 
what a vast number of worms live unsccn by 
118 beneath our feet, and, secondly, the actual 
weight of the earth which they bring up to 
Ihe surface within a given hpnce and within 
a given time. Henson, wIlD has published so 
full and interesting an account of the habit.a 
of worm~,t calculate~, from the number which 
he found in a measuJ'ed space, that there must 
exist 133,000 living worms in a hectare of 
land, or 53,767 in an acrc. This latter 
!Jumher of worms would weigh 356 pounds, 
laking !Tensen's standard of the weight of a 
Ringle worm, namely, three grams. Itsbould, 
however, Lc noted that this calculation is 

• 1.Ir.B. ?lallctremarkl('QulIrterlyJournal of Goolog.Soc.' 
vol.:r..n.iii., It:lii,p. 'i4:i) tloat"tbee:r.tent to which the i:1'OOUU 
beneathl.l.elounolalionaOC ..... lluel'OWl.rchit£>cturalstructurtS. 

:: :m~~~~:l~oi:e~, ~:=~v::~n c~r=me'l~~=: 
ofderreE()n in IOn,e ca&o:IIlUlly be me&3ured by r~t." lio 
intlan!'l!llthe T ... wcr of l'ilIa, but adu. that itw&!! founued IIlI 
"deaaclay." 

t'Zeitaehril'trlir,."ib6elUCll.Zoolog.'Bo.l.:u:viii.,18i7,I>'300. 
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founded on the numbers found in n garden, 
ami llensen believes that worms are hert! 
twice as numerous as in corn-fields. The 
above result, astonishing though it be, seem;; 
to me credible, judging from the Dumber of 
worms which I lmvc sometimes seen, and 
from the numher daily destroyed by Lird::; 
without the species beiug exterminated. 
Some barrels of bad ale were left 011 )Jr. 
3[iIler's land,· in the hope of making vinegar, 
but the vinegar proved bad, and the barrelfl 
were upset. It should be premised that acetic 
acid is so deadly a poison to worm::; that 
Perrier found that a glass rod dipped into 
this acid and then into a considerable body of 
water in which worms were immersed, in­
variably killed them quickly. On the moru­
ing after the barrels had been upset, "the 
"beaps of worms which lay dead on tLe 
"ground were so amazing, that if :Mr. Miller 
"had not seen them, be could not bave 
.. thought it possible for such numbers to 

H have existed in the space." As further evi­
dence of tbe large number of worms which 
li\'e in the ground, ]lensen Sk'\tes that he 

• See Mr. Danoer'lp&per in'Proc.Pbil.Soc.()(Maocheattr; 
18H,p.2,ta. 
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found in a garden sixty-four open burrows in 
a space of 141 square feet, that is, nine in 
2 square feet. But tbe burrows are some­
times much more numerous, for when digging 
in a grass-field near Maer Hall, I found a 
cake of dry earth, as large as my two open 
hands, which was penetrated by seven bur-
1'owa, as large as goose-quills. 

J Veiglu oj the earth ejected from a single 
I/urrlfto, and from all the burrows wit/tin a 

space.-With respect to the weight of 
earth daily ejected by wOrtruJ, Hensen 

found that it amounted, in the case of some 
worms which he kept in confinement, and 
which he appears to have fed with leaves, to 
only 0'5 gram, or Jess than 8 grains per 
diem. But a very much larger amount 
mu!)t be ejected by worms in their natural 
state, at the periods when they COlisume earth 
as food instead of leaves, and when they are 
making deep burrows. This is rendered 
almost ccrt.'\in by the following weights of the 
castings thrown up at tbe mouths of single 
burrows j the whole of wldch appeared to 
have been ejected within no long time, as was 
certainly the case in several instances. The 
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in~tance) by exposure during many days to 

the sun or before a hot fire. 
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been ejected at the mouth of thc samc burrow, 
and which in most cases appeared fresh and 
always retained their vermiform t:onfiguration, 
generally exceeded an ounce in weight a.fter 
being dried, and sometimes nearly equalled a 
quarter of a pound. On the Nilgiri moun­
tains one casting even exceeded tLis latter 
weight. 'l'be largest castings ill England 
were found on extremely poor pasture-bnd; 
and the...<>e, as far as I have seen, are generally 
larger than those on land producing a rich 
vegetation. It would appear that wonns 
have to swallow a greater amount of earth 
on poor than on rich hnd, in order to obtain 
sufficient nutriment 

With respect to the tower-like c.'lstings 
ncar Nice (Nos. 5 and 6 in the above table), 
Dr. King often found five or six of them all 

a square foot of surface; and these, judging 
from their average weight, would have 
weighed together 7! ounces; 80 that the 
weight of those on a square yard would 
h(we been 41b. 3t oz. Dr. King collected, 
ncar the close of the year 1872, all the 
castings which still ret.'lined their vermiform 
ijhapc, whether broken down or not., from a 
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square foot, in a. place abounding with wonns, 
on the summit of a bank, where no castings 
oould have rolled down from aoove. These 
castings must have been ejected, as he judged 
from their appearance in reference to the 
rainy and dry periods ncar Nice, within tile 
previous five or six: months j they weighed 
9! oz., or 5Ib. 5! oz. per square yard. After 
an iuterval of four months, Dr. King collected 
all the castings subsequently ejected on the 
same square foot of surface, and they weighed 
2!oz., or lIb. 6!oz. per square yard. 
Therefore within about ten months, or we 
will say for safety's sake within a year, 12 oz. 
of castings were thrown up on this one 
square foot, or 6·75 pounds on the square 
yard; and this would give 14'58 tons per 
acre, 

In a fie ld at the oottom of a valley in the 
chalk (see No.2 in the foregoing table), a 
square yard was measured at a spot where 
very large castings abounded i they appeared, 
however, almost equally numerous in a few 
other places. These castings, which retained 
perfectly their vermiform shape, were col· 
lected; and they weighed when partially 
dried, 1 lb. 13! oz. This field had been 
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rolled with a. heavy agricultural roller fifty-two 
da.ys before, and this would certainly have 
flattened every single castiug on the land. 
The weather had been very dry for two or 
three weeks before the day of collection, 80 

that not olle casting appeared fresh or had 
been recently ejected. 'Ve may therefore 
assume that th06e which W(:r6 weighed had 
been ejected within, we will say, forty days 
from the time when the field was rolled,­
that is, twelve days short of the whole inter­
vening period. I had examined the 8..'\me 
part of the field shortly before it was rolled, 
and it then abounded with fresh castings. 
Worms do not work in dry weather during 
the summer, or in winter during severe frosts. 
If we assume that they work for only half 
the year-though this is too Iowan estimate 
-then the worms in this field would eject 
during the year, 8'387 pounds per square yard; 
or 18'12 tons per acre, assuming the whole 
surface to be equally productive in cnstings. 

In the foregoing cases some of the 
necessary data. had to be estimated, but in 
the two following cases the results are much 
more trustworthy. A lady, on whose ac~ 

curacy I can implicitly rely, offered to collect 
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during a year all the castings thrown up on 
two separate .:;quare yards, near Leith Hill 
Place, in Surrey. The amount collected was, 
howe\'er, somewhat less than that originally 
ejected by the worms; for, as I have repeatedly 
observed, a good deal of the finest earth is 
washed away, whenever castings are thrown up 
during or shortly before be..wy rain. Small 
portions also adhered to the surrounding 
blades of grass, and it required too much 
time to detach everyone of them. On 
s.'mdy BOil, as in the present iustance, castings 
are liable to crumble after dry weather, and 
particles werc thus often lost. 'l'he lady also 
occasionally left home for a week or two, and 
at such times the castings must have suffered 
still greater loss from exposure to the weather. 
These losses were, however, compensated to 
some extent by the collections having been 
made ou One of the squares for four days, and 
on the other square for two days more than 
the year. 

A space was selected (October 9th, 1870) for 
one of the squares on a broad, grnss-coveroo 
terrace, which bad been mowed and swept 
during many years. I t faced the south, but 
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was shaded during part of the day by trees. 
h had been formed at least a century ago by 
a great accumulation of small and large frag­
m~nts of sandstone, together with some sandy 
e.'l.rth, rammed down level. It is probable that 
it was at first protected by being covered with 
turf. This terrace, judging from the number 
of castings on it, was rather unfavourable for 
tl.e existence of worms, in comparison with 
the neighbouring fields and an upper terracc. 
It was indeed surprising that as many worms 
could live here as were seen; for on digging 
a hole in this terrace, the black vegetable 
mould together with the turf was only four 
inches in thickness, beneath which lay the 
leyel surface of light-coloured sandy soil, with 
many fragments of B..1.ndstone. Before any 
castings were collected all the previously 
existing ones were carefully removed. The 
last day's collection was on October 14th, 
1871. The castings were then well. dried 
before a fire; and they weighed exactly 3! 100. 
This would give for an acre of similar land 
7'56 tons of dry earth annually ejected by 
worms. 

The second square was marked on un-
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enclosed common land, at a height of aOOn! 
700 ft. above the sea, at some little distance 
from Leith Hill Tower. The surface was 
clothed with short, fine turf, and had never 
been disturbed by the hand of man. The 
spot selected appeared neither particularly 
favourable nor the reverse for worms; but I 
have often noticed that castings are especial.y 
abundant on common land, and this may, 
perhaps, be attributed to the poorness of 
the soil. The vegetable mould was here 
between three and four inches in thickness. 
As this spot was at some distance from the 
house where the lady Jived, the castings wera 
not collected at such short intervals of tim~ 
as those on the terrace; consequently the 
loss of fine earth during rainy weather mus. 
have been greater in this than in the las1 
case. The castings moreover were ~OT6 
sandy, and in collecting them during dry 
weather they sometimes crumbled into dust, 
and much was thus lost. Therefore it is 
certain that the worms brought up to the 
surface considerably more earth than that 
which was collected. The last collection 
was made on October 27th, 1871; i.e., 367 
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days after the square had been marked out 
and the surface cleared of all pre-exlsting 
castings. The collected castings, after being 
,veIl dried, weighed 7'453 pounds; and this 
would give, for an acre of the same kind of 
land, 16'1 tons of annually ejected dry earth. 

(1.) eMling.ejected ne&r Nice within abootayear,oolle<:ted 

~D;~~~ alquare root of Iuriaoe, calculatod lOyieJd per 

(:!.) Cutinglejectedduringabout-fOdaYIOlla Iquare Ylrd, 
In a field of poor r-tureat tbe botlOmoCalarg,,,lJeyinthe 
Chalt,calculated 10 yield a.nnually per acre 18·1:!1Ona. 

(3.) CMtlngloollected from atquare ylll'd on an old terraoeat 
Leith mn Plaoe,during 869 daY'1 calculated t.oyicld annually 
per ICTfI 7'56 IOns. 

(4.) Cutinp oollected from a Iquare yll.rd on Leith Hill 
~1l:::UringS67day.,caIClllatedtoYieldallnuaUyperacre 

Th£ thicknus oj tM layer oj mould, lcltich 
castings ejected during a year would form if 
uniformly 8JYfflld ouI.-Aa we know, from 
the two last cases in the above summary, the 
weight of the dried castings ejected by worms 
during a year on a square yard of sur/ace, I 
wished to learn how thick a layer of ordinary 
mould this amount would form if spread uni­
formly over a square yard. The dry castings 
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were therefore broken into small particles, 
and whilst being placed in a. measure were 
well shaken and pressed down. Those col­
lected on the 1'errnce amounted to 124'77 

cubic inches; and this amount, if spread ont 
over a square yard, would make a layer 
0'9627 inch in thickness. Those collected on 
the Common amounted to 197'56 cubic inches, 
and would make a similar hyer '1524 inch in 
thickness. 

These thicknesses must, however, be cor­
rected, for the triturated castings, after being 
well shaken down and pressed, did not make 
nearly 60 compact a mass as vegetable mould, 
though each separate particle was very 
compact. Yet mould is far from being com­
p..'lct, as is shown by the number of air­
bubbles which rise up when the surface is 
Hooded with water. It is moreover pene­
tmted by many fine roots. '1'0 ascertain ap­
proximately by how much ordinary vegetable 
mould would be increased in bulk by being 
broken up into small particles and then dried, 
a thin oblong block of somewhat argillaceous 
mould (with the turf pared oft) was measured 
before being broken up, was well dried and 
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again measured. The drying caused it to 
Rhrink by t of its original bulk, judging from 
exterior measurements alone. It was then 
triturated and partly reduced to powder, in the 
same manner as the castings had been treated, 
and its bulk now exceeded (notwithstanding 
shrinkage from drying) by n- tbat of the 
original block of damp mould. Therefore the 
above calculated thickness of the layer, formed 
by the castings from the 'l'errace, after being 
damped and spread over a square yard, would 
have to be reduced by fi; and this will 
reduoo the layer to '09 of an inch, SO that a 
layer '0 inch in thickness would be formed in 
tho course of ten years. On the s.-tme prin­
ciple the castings from the Common would 
make in the course of a single year a layer 
"1429 inch, or in the course of 10 years 1'420 
inch, in thickness. We may say in round 
number$ that the thickness in the former case 
would amount to nearly 1 inch, and in the 
second case to nearly It inch in 10 years. 

In order to compare these results with 
those deduced from the rates at which small 
objects left on the surfaces of gra...~fields 

become buried (as described in. the early part 
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of this chapter), we will give the following 
summary:-

SUJUU.BY 0" TlIE TUICItNESiI 0 .. 'I'm: iHOULD ,U:(:U.UU.n:D 

OVER OB,n:cn LltPT BTISWItD ON THE Su ...... CE, III TUB 

ThollOOumutation of mould during HI yearlon lho8UrfllCB 
ora Ilry, Jandy, graa-6etd neat lber Hal\,amonut$! to 2'2 
inehe.inlOyl'ara. 

Th08OCUIDutatiOIlduring2U lC1ln OIl a Iwampy field 1II'JU' 

:Mam-Hatl,atnollntedtonearlyl·!)incbinlOye&r'$. 
'l"'eIlOOUIDnlationdllring7yearlOlla"erylwampyfteldnear 

MacrDalialDuunu..>dto2·liIiCboRiIl10yeal'8, 
'I'bo accumulation during 29 yeart, on good, argillaceous 

putnre-Iandovn tho Cb&lk.t Down,amountoo to 2'2 inchee iD 
10yeara. 

ThollOCllmutation during 80 yean 00 the lidoof."a11ey o"er 
tboCh.alk at Down,tho IIOil being argilLaoeoua,very poor,and 
only jnstcouverte<\ into JlIU!tunl(lOth.titwlU! rorlOlUoyeal'8 
IlDflLvourable for worml),amounted to 0'83 iuchCl in lOYe.B.fII. 

In these cases (excepting the last) it may 
be seen that the amount of earth brought 
to the surface during 10 years is somewhat 
greater than that calculated from the castings 
which were actually weighed. This excess 
may be partly accounted for by the loss which 
the weighed castings had previously under­
gone through being washed by rain, by the 
adhesion of particles to the blades of the sur­
rounding grass, and by their crumbling when 
dry. Nor must we overlook other agencies 
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which in all ordinary cases add to the 
amount of mould, and which would not be 
included in the castings that were collected, 
namely, the fine earth brought up to the 
surface by burrowing larne and insects, espe­
cially by ants. The earth brought up by moles 
generally has a somewhat different appearance 
from vegetable mould; but after a time would 
not be distinguishable from it. In dry coun· 
tries, moreover, the wind plays an import..'\nt 
part in carrying dust from one place to another, 
and even in England it must add to the mould 
on fields neur great roads. But in our country 
these latter several agencies appear to be of 
quite subordinate importance in comparison 
with the action of wonns. 

'Ve have no means of judgiug how great a 
weight of earth a single full-sized worm ejects 
during a year. Bensen estimates that 53,767 
worms exist in an acre of land; but this is 
founded on the number found in gardens, and 
he believes that only about half 8S many Jive 
ill corn·fielJs. How many live in old pasture 
land is ullknown; but if we assume that llalf 
the above number, or 26,886 worms live on 
such land, then taking from the previous 
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summary 15 tons as the weight of the castin~ 
annually thrown up on an acre of land, each 
worm must annually eject 20 ounces. A full­
sized casting at the mouth of a single burrow 
often exceeds, as we have seen, an ounce in 
weight; and it is probable that worms eject 
more than 20 full-sized castings during a 
year. If they eject annually more than 20 
ounces, we may infer that the worms which 
live in an acre of pasture land must be less 
than 26,886 in number. 

Worms live chiefly in the superficial mould, 
which is usua11y from 4 or 5 to 10 and even 
12 inches in thickness; and it is this mould 
which passes over nnd over again 
their bodies and is brought to tho 
But worms occasionally burrow into the su"tr 
BC.>il to a much greater depth, and on such 
occ..'U!ions they bring up earth from tbis 
greater depth; and this process has gone on 
for countless ages. Therefore tIle superficial 
layer of mould would ultimately alt.-lin, 
though at a slower and slower mte, a thick­
ness equal to the depth to which worms 
ever burrow, were there not other opposing 
ngencics at work which carry away to a 
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lower level some of the finest earth which is 
continually being brought to the surface by 
worms. liow great a thickness vegetable 
mould ever attains, I have not had good 
opportunities for observing; but in the next 
chapter, when we consider the burial of 
ancient buihiings, somc facts will to given on 
this head. In the two las1, chapters we 
shan see that the soil is actually increased, 
though only to a small degree, through the 
agency of worms; but their chief work is 
to sift the finer from the coarser particles, to 
mingle the wbole with vegetable dC'bris, and 
to satumte it with their intestinal secretions. 

Finally, no one who considers t.he facts 
given in this chapter-on the burying of 
sm:lll objects and on the sinking of great 
stoncs left on the surface-on the vast 
number of worms which Ii\"0 within l\ 

moderate cxtent of ground-on the weight of 
the castings ejected from tho mouth of the 
&Lme burrow-on the weight of all the cast­
ingsejected within a known time on a measured 
space-will hereafter, as I believe, doubt that 
worllls play an important part in nature. 
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CHAPTER IV. 

TnE PART WBICH WORMS DA YE PLA YEO IN' 

Tin: BURIAL OF ANCIENT BUILDINGS. 

'1'heaccumu1atiooorrubbithODthe.ite.ol~tcitisinde_ 

pende1lt ol the actionorwortD&-Theburialora Roman'filla 
at Abinger-The f\oor!! and wallapenetr.ted by WQI'tD'­
Subtideooeor. modernpavemelll--Tbeburied lIanmelitat 

::U!:a!!~~ili:O=:i:':~tC:i~:~~:::~~~ 
the d~brit by which the remailu are oo.,ered-'l'he penetBtiou 
of the tesaelated flool'll and walla by II'OTmt-Subl!idcnoe of 
the floors-'l"llcknfUoftbemould-Theold ltotDallcityo{ 
Wroxeter-TIlickn_ oC the mould-Del)th of the foullo:\&tiom 
ofaome of the Buildinp--Concluaioo, 

AnCII5.0r.oOI8T8 are probably not aware how 

much they owe to worms for the preservation 
of many ancient objects. Coins, gold orna­
ments, stone implements, &c., if dropped on 
the surface of the ground, will infallibly be 
buried by the castings of worms in a few 
years, and will thus be @afcly preserved, until 
the land at some future time is turned up. 
For iustance, many years ago a grass-field 
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was ploughed on the northern side of the 
Severn, not far from Shrewsbury; and a 
surprising number of iron arrow-heads were 
found at the bottom of the furrows, which, as 
.Mr. Blakeway, a loc..'\l antiquary, believed, 
were relics of the battle of Shrewsbury ill the 
year U03, and no doubt llad Leen originally 
left strewed on the battle.field. In the 
present chapter I shall show that not only 
implements, &c., are thus presen-ed, but that 
the floors and the remains of many ancient 
buildings in England have been buried flO 

effectually, in large part through the action 
of worms, that they have been di!ilCovered in 

reecnt times solely through various accidents. 
The enormous beds of rubbish, several yards 
ill thickness, which underlie many citie8, 
such aJol Rome, Pari:!, and London, the lower 
oneil Leing of great antiquity, are not here 
referred to, as they ha,'o not been in any 
way actcd on by wonn!>. When we con­
sider how much matter is daily brought illto 
a great for building, fuel, clothing amI 

food, and in old times when the road" 
were had and tl1e work of the scavenger 
was neglected, a comparativdy FEmall amount 
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WM carried a.way, we mny ng-rce with 
Elic de Beaumont, who, ill di"cu!<..-ing' this 
su1ticct, sa.ys, "pour une "oiture de materiaux 
Hquicu sort,oll y en fait cntrer ccuL"· Xor 
"hould we overlook the Cffl'cls of fire,"" the 
demolition of old the l"emo"IlI 
ofl'ubLish 

ALiIl(!er, Surrey.-Late ill the autumn of 
18 iG, the ground in nn old farm-yard at tlii" 
place was dug to a depth of 2 to 2! feet. and 
the workmen found various ancient remain" 
This 1011 :;\1r. T . H. Farrer of A Linger 11.111 to 
have an ploughed field scnrchL'<.i. 

dug. a layer of 
with 
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Roman emperors, dating from 133 to 361, and 
perhap:> to 375 A. .D. , were likewise fonnd. 
AltiO a hnlf. penny of George L, 1715. The 
presence of this latter coin seems an anomaly; 
but no doubt it was dropped on tho ground 
duri ng the In!lt. century, and Hincc then there 
ha.~ been am ple ti me for its burial under a 
considerable depth of the castings of worms. 
From tho dilTerent dates of the Roman coins 
we may infer that the building was long 
inhabited. I t was p robably ruined and 
de:<erted ' ·JOO or 1500 years rlgo. 

1 was prc!<Cnt duri ng the commenccment of 
the cxcavations (August 20, 1877) nnd Mr. 
Farrcl' had two deep trenches dug at opposite 
clldsofthe ntrium,so that I mig-lit cxamine 
tho llaturc of the soil near the remains. 
'l'he field 810ped from east to west at an angle 
of' about 7'; and one of tho two trenches, 
~howll ill the accompanying section (Fig. 8) 
Wlib at the upper or ea~tern cnd. The 

is all a scale of '}oof an incl..! to all 
but the trench, which was between 4 

and feet broad, and in parts above 5 feet 
deep, has lloces..--''lrily been reduced out of a ll 
proportil)ll. Tue fi ne mould on:r the floor 

o 2 
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of the atl'ium varied in thickness from 11 
to 16 inches; and on the side of the trench in 
the section was a little over 13 inches. After 
the mould had been removed, the floor 
appeared as 0. whole moderately level; but it 
sloped in parts at an angle of 1°, and in one 
place ne.1.r the outside at as much as 8° 30', 
The wall surrounding the pavement was 
built of rough stones, and was 23 inches in 
thickness where the trench was dug. Its 
broken summit was here 13 inches, but in 
another part 15 inches, bene.1.th the surface of 
the field, being covered by this thickness of 
mould. In one spot, however, it rose to 
within 6 inches of the surface. On two 
sides of the room, wbere the junction of the 
concrete floor with the bounding walls could 
be carefully e:t.amined, there was no crack or 
separation. This trench afterwards proved 
to have been dug within an adjoining room 
(11 ft, by 11 ft.. G in. in size), the existence of 
which was not even suspected whilst I was 
present. 

On the side of the trench farthest from the 
buried wall (W), the mould varied from 9 to 
14 inchc8 in thickness; it rested ona mnss(B) 
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23 inches thick of blackish earth, incluuing 
many large stones. Beneath this was a thin 
bOO of vcry black mould (0), then a layer of 
earth full of fragments of mortar (D), and 
then another thin bed (about 3 inches thick) 
(E) of very black mould, which rested on the 
undisturbed subsoil (F) of firm, yellowish, 
argillac~·ous &'\nd. The 23·inch bed (8) was 
probably made ground, as this would have 
Lrought up the floor of the room to a level 
with that of the atrium. The two thin J.x.ds 
of Llack mould at the bottom of the trench 
evidently marked two former Jand~urfaces. 

Oub;ide the walls of the northern room, many 
bones, ashes, oyster.shells, broken potte.·y and 
an entire pot were subsequently found at a 
depth of 16 inches beneath the surface. 

The second trench was dug on the western 
or lower side of the villa: the mould was 
here only 6~ inches in thickness, and it 
retlted on a m~ of fine earth full of stones, 
broken tiles and fr<lgments of mortar, 3·1 
inches in thickness, beneath which was the 
undisturbed sand. Most of this earth bau 
probably boon washed down from the upper 
part of the field, and the fragmellts of 
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stonefl, tilefl, &c., must have come from the 
immediately adjoining ruins. 

It appears at first sight a surprising fact 
that this fie ld of light sandy soil should have 
been cultivated anrl ploughed during many 
years, and that not a vestige of these buildings 
should have been diRCovercd. No one even 
suspected that the remains of a Roman 
villa lay hidden close beneath the surface. 
But the fact is less surprising when it is 
known that the field, as the bailiff believed, 
had ne\'er been ploughed to a greater depth 
than ·1 inches. It is cert.ain that when the 
land was first ploughed, the pavement and 
the surrounding broken walls must have beel! 
covered by at Jeast 4 inches of sail, for other­
wise the rotten concrete floor would have 
been scored by the ploughshare, the tcsserre 
torn up, and the tops of the old walls 
knocked down. 

When the concrete and tcsscrre were firist 
cleared over a space of 14 by !) ft., the floor 
which was coated with trodden-down earth 
exhibited no signs of having been penetmted 
by worms; and although the overlying fine 
mould closely resembled that which in many 
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places has certainly been accumulated by 
worms, yet it seemed hardly J>C>S.<lible that this 
mould could have been brought up by worms 
from bene..'lth the apparently sound floor. It 
seemed also extremely improbable that the 
thick walls, surrounding the room and still 
united to the concrete, had been undermined 
hy worms, and had thus been caused to sink, 
being afterwards covered up by their cast· 
ings. I therefore at first concluded that all 
the fine mould above the ruins had been 
washed down from the upper parts of the 
field; but we shall soon see that this concIu· 
sian was certainly erroneous, tl10Ugh much 
fine earth is known to be washed down from 
the upper part of the field in its present 
ploughod state during heavy rains. 

Although the concrete floor did not at 
first appear to have been anywhere pene­
trated by worms, yet by the next morning 
little cakes of the trodden-down earth had 
been lifted up by wonns over the mouths of 
seven burrows, which passed through the 
sofIeI' parts of the naked concrete, or between 
the interstices of tlle tesserre. On the third 
morning twenty-five burrows were counted; 
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and by suddenly lifting up the little cakes 
of earth, four worms were seen in tlle act 
of qnickly retreating. '1'wo castings were 
thrown up during the third night on the 
floor, anel these were of large size. The 
Beason was not favourable for the full activity 
of worma, and the weather had lately been 
hot and dry, 80 that most of the worms now 
lived at a. considerable depth. In digging 
the two trenches many open burrows and 
some worms were encountered at between 
30 and 40 inches beneath the surface j but at 
a greater depth they became rore. One 
worm, however, was cut through at 48!, and 
another at 51! inches beneath the surface. 
A fresh humus-lined burrow was also met 
with at a depth of 57 and another at 65! 
inches. At greater depths than this, neither 
burrows nor worms were seen. 

As I wished to learn how many worms 
lived beneath the floor of tho atrium-a 
spaco of about 14 by 9 feet-AIr. Farrer 
was 80 kind as to mako observations for 
me, during the next seven weeks, by which 
time the worms in the surrounding country 
were in full activity, and were working 
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near the surface. It is very improbable that 
worms should have migrated from the adjoin­
ing field into the small space of the atrium, 
after the superficial mould in which they 
prefer to live, had been removed. We may 
therefore conclude that the burrows and the 
Cllstings which were seen here duriug the 
ensuing seven weeks were the work of the 
former inhabit.'l.nts of the space. 1 will now 
give a few extracts from :'\Ir. Faner's notes. 

Aug. 20th, 1877; that is, five days after 
the floor had been cleared. On the previous 
night there had been some heavy rain, whieh 
washed the surface clean, and now the mouths 
of forty burrows were counted. Parta of the 
concreto were seen to be solid, and had never 
been penetrated by worms, amI here the rain­
water lodged. 

Sept. 5th.-Tracks of worms, made during 
the previous night, could be scen on the tillr­

face of tho floor, and five or six vermiform 
c:u,tinga had been thrown up. These were 
defaced. 

Sept. j 2th.-During the bst six days, the 
worllla h8"e llOt been nctive, though many 
cnstiUb'li have Ix:en ejected in the neighLour-
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ing fields; but on this day the earth was a 
little raised over the mouths of the burrows, 
or castings were ejected, at ten fresh points. 
These were defaced. It should be understood 
that when a fresh burrow is spoken of, this 
generally means only that an old burrow has 
been re-opened. :llr.Farrer was repeatedly 
struck with the pertinacity with which the 
worms rc-openoll their old burrows, even wben 
no earth was ejected from them. I have 
ofien observed the 8<'lme fact, and generally 
the mouths of the burrows are protected by 
an accumulation of pebbles, sticks or leaves. 
Mr. Farrer likewise observed that the worms 
living beneath the floor of the atrium often 
collected coarse grains of sand, and such little 
stones as they could find, round the mouths 

of their burrows. 
Sept. 13th; soft wet weather. The mouths 

of the burrows were re-opened, or castings 
were ejected, at 31 points; these were all 
defac(.'(} . 

Sept. 14th; 34 fresh holes or castings; 
allc.lefaced. 

Sept. 15th; 4! fresh holes, only 5 castings; 
all defaced. 
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Sept. 18th; 43 fresh llOle~, ~ castings; all 
defaced. 

The number of castings on thc8urrounding 
fields was now very large. 

Sept. 19th; 40 holes, 8 castings; al l 
defaced. 

Sept. 22nd ; 43 holes, only a few fresh 
castings; all defaced. 

Sept. 23rd; 44 holes, 8 castings. 
eept. 25th; 60 holeg, no record of the 

number of castings. 
Oct. 13th; 61 holes, no record of the 

number of castings. 
After an interval of three years, MI'. Farrer, 

at my request, again looked at the concrete 
floor, and found the worlllS still at work. 

Knowing what great muscular power worms 
1)()S8Cf!S, and seeing how soft the concrete was 
in many parts, I was not surprised at its 
having been penetrated by their burrows; 
but it is a more surprising fact that the 
morror between the rough stones of the thick 
walls, surrounding the rooms, was found by 
.Mr. Farrer to have been penetrated by worms. 
On August 26th, that is, five days after the 
ruins had been exposed, he o"bsen'ed fou r 
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open burrows on the broken snmmit of the 
eastern wall (W in Fig. 8); and, on Septem­
ber 15th, other burrows similarly situated 
were seen. It should also be noted that in 
the perpendicular side of the trench (which 
was much deeper than is rcpl'esented in 
Fig. 8) three recent burrows were seell, which 
ran ohliquely far down beneath the base of 
the old wall. 

We thus sw that many worms lived beneath 
the floor and the walls of th~ atrium at the 
time when the excavations were made; and 
that they afterwards almost daily brought up 
earth to the surface from 1\ cousiderable 
depth. There is not the slightest reason to 
doubt that worms have acted in this manner 
e\'er since the period when the concrete was 
.;ufficientlydcc:\y~d to allow them to penetrnte 
it; amI even l>crore that period they would 
have lived beneath the floor, as soon as it 
bcca.me perviouB to rain, so that the soil 
beneath was kept damp. The floor and the 
walls must thererore have beou continually 
undermined; and fine earth must have been 
heaped 011 them during many centurie!.', 
perhaps for a thousand years. If the burrows 
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Lent.'ath the floor and wall!:', which it is prob­
able were fonnerly as numerous as t}H:Y now 
nrc, had not coll apsed in the COUfl"e of time 
in tho manner formerly explained,theunder. 
lying' earth wou ld have been ridJled with pas-­
f:3.ges like a sponge; and as this wall not 
tho case, we may feel sure that they ba\"e 
collapseu. The inevit.: .... ble result of Imch 001-
lapsing during successive cellturiOil, will ha\'e 
been the slow subsidence of the flooralldofthe 

may at first appear improbablo ; the ca~e 
111'esents no more rea l difficulty fhan that of 
loose olticets strewed on the surface of afield, 
which, as we ha\'e seen, become buried several 
inches beneath the surface ill the coun;c of a 
fow years, though still fonning a horizontal 
layer parallel to the surface. 'J'he burial of 
the prl\'-cd and level path on my lawn, which 
took place under my own is an 

casco Even those parts the 
floor which the worms could not 

penetrato would almost cert.ainly have Leen 
undermiued,and would ha\'osunk, like tbegreat 
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stones nt Leith Hill Place and Stonehenge, 
for the soil would b:\\'e been damp beneath 
them. nut the rate of sinking of the dif­
ferent parts would not have been quite equal, 
and the floor was not quito level. 'l'he 
foundations of the boundary walls lie, as 
shown in the section, at a very small depth 
il(:neath the surf.'lcej they would therefore 
hase tended to sub~ide at nearly tbe fillme 
rate as the floor. But this wonld not ha,-e 
occurred if the foundations had been deep, 
Wi in the case of sOlTIe otber Roman ruins 

this villa, 
in some places to a thickness of 10 incilcs, 
was brought up from below by worms. From 
f.'wls Ilerenfh'r 10 be given there can be no 
doubt that i:«Jme of the finest earth thus 
hroug-ht up will hrn'e bt!cn washed down the 
liloping surface of the field during every hea\ly 
Rhowel' of rain. If this had not occurred a 
g'I'l'nh'l' amonnt of mou ld would Juwe ftccumu­
lattd 0\'('1' the ruins tbnn that nowprescnt. 
But beside the ~slillgs of worms and some 
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earth brought up by insects, and some accu. 
mulation of dust, much fine earth will JlU\'C 

been washed o\'er the ruins from the upper 
parts of the field, since it has Ot.."C1l under 
cultivation; and from over the ruins to the 
lower parts of the slope; tho present thick. 
ness of tho mould being' the resultant of the~ 
several agencies. 

I may here append a modern instance of 
the sinking of a pa"ement, communical.t:d to 
me in 1871 by Mr. Ram.say, Director of the 
Geological Survey of England. A pas.<:age 
without 0. roof, 7 feet in length by 3 feet 2 
illches in width, led from his house into tile 
garden, and was paved with slnbs of Portland 
stone. Several of these slabs were lGincllt:!': 
square,othel'S hrger, and some a little smaller. 
This pavement had subsided about 3 inebt:!! 
along the midtlle of the pn~Si\ge, and tWII 

inches ou each side, as could be seen by tilt· 
lines of cement by which the slabs had been 
'?l'iginally joined to the wa!lEl. Tho 
menthadthusbecome 
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cOll lJ not account for this sinking, unti l he 
obscrved that castings of black mould were 
frequently ejected along the lincs of junction 
between the slabs j and th~se castings were 

away. The several lines ot 
j uuction, those with the lateral 
wal h:, were 39 feet 2 inches in 
length. T he pfwement did not present the 
appearancc of ~\'er Laving been renewed, 
and tho houre was l>elievl.'d to have been 
bui lt about eightY-8evell years ago. COIl­
Ridcring all these circumstances, )k Ramsay 
does not doubt that the earth brought up by 
I he wOrms since the pavement was first laid 
oowll,or rather since the decay oflhe mOrtar 
allowed the worms to burrow tin'ollgh it, [ll1d 
therefore with in a much !:-horter time than 
theeighty-!<e\'en year1<, has sufficed to cause the 
sinkillg of the pavement to the abo'"e amount, 
eXCI.'pt c1ol'C to the hou>'C. whl.'re the ground 
Lcneath would have been kept 11cal"ly dry. 

B eaulieu AUf!!, HwnpN/u'r('.-T his abbey 

In' Helll'r VIII., and there 
onl;' il portion of the southern 

ai ... IL'-wnll. I t is belie,"ed that tho ki ng had 
most of the btone,: carried away for building 
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a castle; and it is certain that they have been 
removed. The po",ition of the IHl.VL'-tratlkl!pt 
was ascert.ained not long ago by the 
foundations Imving been found; and the 
plaeo is now marked by stones let iuto 
the ground. W here tho abbey formerly 
stood, there now extends a. smooth gra.'llr 
co\'ered surface, which rc!:<cmbles in atl 
rcspecl$thc rest of the field. '!'hc guardian, 
a Ycry old man, said the SUriilCO had nover 
been levelled in his time. I n the year 18j3, 
the Duke of Buccleuch had three holel! dug 
ill the tllrfwithin a few yards of one another, 
at the western end of the nave; ailli the old 
tel'Selated pavement of the abLey was thus 
discovereJ . These holes wero afterward::! 
f;:urroulllied by brickwork, and protected by 
tmp-doors, so that the pa.vement might !.It' 
readily inlSp<'cteJ and presernxl. When my 
SOil William examined the place 011 January 
j, 1872, he found that the paiement in the 
three holes lay at depths of 6i, 10 and I U 
inches Lcneath the surroundillg tur/~covcn .. .J 
su rbce. The old guarJian :If:;scr teJ that be 
was often forced to remo\'c wo rlll--casti ngs 
from the pavement; and that hc had done 
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so about six months before, :'\fy son collected 
all from onc of the holes, the area of which 
was 5'32 square feet, and they weighed 7'07 
ounces, Assuming that this amount had 
accumulated in liix months, the accumulation 
during a year on a square yard would be 
l'G8 pounds, which, though a large amount, 
is very small compared with what, as we 
ha,\'o seen, is often ejected on ficlus and 
common~, 'Vilen I visited the abbey on 
June 22, 1877. the old man s.'\id that he had 
cleared out the holes about a month before, 

but a good many castings had sineo been 
(.'jected. I suspect that he imagined that he 
SI,'cpt the oftener than he rea.Hy 
dill, for conditions were in several re-
I:lpects \'ery unfavourable for the accumulation 
of even a moderate amount of castings, The 
tiles are rather large, vi .... , about 5~ inches 
.!!quarc, and the mortar between thcm was ill 

most pll\ccs sound, so that the worms were 
able to bring up earth from below only at 
cert.'lin point13. '1'he tiles rested 011 a bed of 
concrete, and the castings in conscquence con­
sisted in large part (viz., in the proportion 
of In to 33) of particlo!'! of mortar, grains of 

1-2 
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f'Hlld, littl e fragments of rock, hricks or tile; 
and such Rubstallces could hardly be agreeable, 
andcert:linlv not nutritious, to worms. 

My son d~p: holes in several places within 
the f0rmer walls of the abbey, at adislance of 
several yanls from tho above described 
bricked !l<}uarcf'. TIe did Dot find any tiles, 
though the"e are known to occur in som~ 

other part:;, but he came in one spot to con­
crete on which tiles had once reBted. The 
fine mould beneath the turf on the sides of 
tIle several holes, ,'aricd ill thickness from 
only 2 to 2!l inehes,nnd this rested o"n a iayer 
from 82 to above 11 inches in thickness, 
consisting of fragments of mortar and stone­
rubbish with the intcratices comp .. 'lctly filled 
up with Llaek mould . In tbe surrounding 
fidd, at a distance of 20 yards from the 
abbey, the fine vegetable mouid was 11 iuches 
thick. 

We may conclude from these facts that 
when the abbey was destroyed and the stones 
removed, a layer of ru11i511 was left over the 
whole surfaee, and that as soon as the worms 

were able to penctrate tile decayed concrete 
:md the joint8 between the tiles, they t:lowly 
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filled up the interstices in the o\'erlying 
rubbish with their castings, whieh were after­
wards Accumulated to a thickness of nearly 
three inches over the whole surlilee. If we 
add to this latter amount th~ mould between 
the fragments of stones, some five or six 
inches of mould must have been brought up 
from beneath the concrete or liles. The con­
crete or tiles will consequently haxe subsided 
to nearly this amount. The bases of the 
columns of the aisles are now buried beneath 
mould and turf. It is not probable that 
they call have been untiel'milled by worms, 
for their foundations would no doubt have 
been hid at a considerable depth. If they 
have not subsided, the stone" of which the 
columus were constructed must ha\'e been 
removed from beneath the former level of 
the floor. 

Clttd,cortlt, Glo~tllr9Itire.-The remains 
of a large Roman villa were dil:'Covcred here 
in 18G6, on groUli.d which had been covered 
with wood from tim~ immemorial. }fa 

sUflpicion seetrul ever to ha\'e becn enter­
tlincd tlmt ancient buildin~" lay buried here, 
uutil a gamekeeper, ill dig';;ing for rabbits, 
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encountered some remains.- But subse. 
quently the tops of some stone wallM werc de­
tected ill parts of tLewood, projectillga little 
above the surface of the ground. 1l0!.tofthe 
coins found here belonged to Constulls (who 
died 350 A.D.) and the Constantine ffllnily. 
~I-y sons Francis and Horace visiteu the 
place ill November 1877, for the sake of 
ascert.'lining what part worms may have 
played in the burial of these cxfeu8ive re­
mains. But the circumstullccs were not 
favouruble for this object,as the ruins are sur· 
rounded on three sides by mther steep bunks, 
down whirh earth is wn.sl1ed duriug miny 
weather, Moreover most of the old rooms 
have been conred with roofs, for the pro­
tection of the elegant tesselated pavements • 

.A. few facts may, however, be given on the 
thickness of the soil over these ruins. Clow 
outside the northern rooms there is n. broken 
wall, the summit of which was covered by 5 

'"Se,·tl'lliAtcOuntioftbeseruillShavobeellIlUhiilhed;the 
IlCIIt i, loy Mr. Ja.mc. F8.t~r in 'Proc, Soc, of Anliqu8.tic. of 
Soollllnd,'voi. ,-i., Part IL, 1867.1~278_ A\eoJ. W.Gro.et, 
'Journal of lhe Brilillh Arch. AAIIOC.' June 186!l. Profl-lIOr 
Buckman h .... hkewil9l,ublished a Jl'Itnphlel. 'Nol~ Oil tho 
Roman YillA at Cbcd,,·orth,' 2ud edit. Un3: Ci~IlC\II~r. 
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inches of black mould; and in a. hole dug all 

the outer side of this wall, where the ground 
had never before been disturbed, black mOllld, 
full of stones, 26 inches in thickness, was 
found, resting on the undisturbed sub-soil of 
yellow clay. At a depth of 22 inches from 
the surface a pig's jaw and a fragment of a. 
tile were fouod. 'Vhen the excavations wert~ 

first made, some large trees grew over the 
ruins; and the stump of one has been left 
directly over 0. party-wall near the bath room, 
for the St'\ke of showing the thickness of the 
superincumbent soil, which was here 38 
inches. In one small room, which, after 
being cleared out, had not been roofed over, 
my sons observed the hole of a worm passing 
through the rott.en concrete, and a living 
worm was found within the concrete. In 
another open room worm-castings were seen 
011 the floor, over which some earth had by 
this means Leen deposited, and here grass 
now grew. 

Bradillg, hie (Jf lVigltt.-A fine Roman 
villa. was di:::covered here in ItlSO; and by 
the end of October no less than IS chamool's 
had been more or lessclenred. Acoin dated 
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:~~7 A.D. was found . :lfy son 'Willi:un visited 
the place before the exc:wations were com­
pleted; and he illforms me that m(»;t of the 
floors were at first covered with much rubhi1ib 
find fallen stones, having their interslice~ 

completely filled up with mould, abounding, 
na the workmen 8..'lid, with worm"!, above 
which there was mould without any "tOiles. 
The whole mass was in most placc!! from 3 
to at)(we 4 f1. in thickness. In one very 
Inrge room the overlying earth Was only 
2 ft G in. thick; nud after this had been re­
moved, sO mnny castings were thrown up 
between the tiles that the surface had to 
be almost daily swept. Most of the floors 
were fa1rly level. '1'he tops of the broken­
down walls were covered in some places by 
only 4 or 5 inches of soil, so that they were 
occaf;:ionally struck by the plough, but in 
other plnces they were covered by from 13 
to 18 inches of soil. It is not prob..'l.ble that 
these walls could have been undermined by 
worms and subsided, as they rested on a 
foundation of very hard red sand, into which 
worms could hardly burrow. The mort.ar, 
however, between the stones of tllO wall1i of 
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a hypocaust was found by my son to have 
been penetrated by many worm-burrows. 
The remains of this vill(\ stand on land whieh 

slopes at an angle of about 30
; and the land 

appears to have bcenlong cultivated. There­
fore no doubt a considerable quantity of fiue 
earth has been washed down fl'om the upper 
parts of the field, and bas largely aided in 
the burial of these remains, 

Silcllester, Hampshire.-The ruins of this 
8mall Roman town have been better pre­
served than any other remains of the kind 
in England. A broken wall, in most parts 
fl'om 15 to 18 feet in beight and about I! 

mile ill compass, now surrounds a space of 
about. 100 ncres of cultivated land, on which 
a farm-house and a church staud,· Formerly, 
when the we..'ltlier was dry, the lines of the 
buried walls could be traced by the appe..'\r­
ance of the crops; and recently veryexwll­
ili\'e excavations have been undertaken by 
the Duke of Wellington, under the superin­
tcmlcncc of the late Hev. J", G" Joyce, by 
which means many large buildings have been 

• Tb_detailtare hleu rMlllho 'I'ellllY Elleyelopmd~",' 
articlolbmpshire. 
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dibCO\·ered. }.Jr. Joycc made careful coloured 
FeCtiOIlS, and measured the thickTle~s of each 
bed of rubbish, whilst the excavations were in 
progress ; and be has had the kinduc!!S to 
send me copies of several of tilem. When 
my sons Frnncis and Horace visited these 
ruins, he accompanied them, and added his 
notes to theirs. 

'Mr. Joyce estimates that the town was in­
habited by the Romans for about three cen­
turies; and no doubt much matter must have 
accumulated within the walls during this long 
period. It appears to have been de:stroyed 
by fire, and most of the stones used in the 
buildings have sillce been cfl.lTied away. 
These circumstnnces arc unfavourable for as­
certaining tbe p..'l.rt which worms llave played 
in tbe burial of the ruins; but as carcful 
sections of the rubbish overlying nn ancient 
town have seldom or never before been made 
in Eugland, I will give copies of tho most 
characteristic portions of some of thooemade 
by :Mr. Joyce. They are of too great length 
to be here introduced entire . 

.An cast and wcst section, 30 ft. in length, 
was made across a room in the Basilica, now 
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called the Hall of .the 'hlt:rchallU! (Fig. 9). 
The hard concrete floor, still covered here 
and there with rtesser::e, was found at 3 ft. 

Fig.\). 

~'(tion within a room in the Basilica at Silclielter. Sail~ 11~. 
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beneath the surface of the field, wllich was 
here level. Ou the floor there were two 
large piles of charred wood, one alono of 
whieh is shown in the part of Ihe "Elction 
here given. This pile was covered by a tiJin 
white layer of decayed stucco or plaster, 
above which was a mass, prcsenting' a singu. 
larly disturbed appearance, of broken tiles, 
mort..'tr, rubbish and fine gmvel, together 2i 
inches in thickness. )[r. Joyce bclie\'es that 
the gmvel was used in making the lllort-llr 
or concrete, which has since decayed, f:()IllC 

of the lime probably having been dissolve,\. 
'I.'ho disturbed state of the rubbish may han· 
been due to its having been searched for 
building stones. This bed was h,\ 
fine vegetable mould, 9 inches in 
From these facts we may conclude that the 
Hall was burnt down, and that much rtlbhi~h 
fell on the Hoor, through and from whieh the 
worms slowly brought up tho mould, now 

fOl'ming tbe surface of the level field. 
A section ac ross the miJdleofallotherhaJi 

in the Basilica, 32 feet G inches in length, 
called tho mvarium, is shown in Fig. JO. 
lt appears that we ha\'e here evidence of two 
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lire",. 8cparatc I by an iuterval of timc, during 
which the G inches of" mortar ami concrete 

!'ig. lo. 

"'-cliuu wilhin a hall in the i3.JailicaalSilchatcr. Sode,lf . 
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with broken tiles" was accumulated. Be­
neath ODe of tbe layers of charred wood, a. 
valuable relic, a bronze eagle, was found; 
and this shows tlJat the soldiers must have 
deserted the place in a panic. Owing to the 
death of Mr. Joyce, I have not Ocen aule to 
:ltlCcrtain beneath which of the two layers the 
eagle was found. The bed of TuLLle overly. 
ing the undisturbed gravel originally fonned, 
as [suppose, the flool', for it stands 011 a leyel 
with that of a. corridor, outside the wallIS of 
thcHall; Lut the corridor is notshowll in the 
section as here given. The vegetablemollid 
was 16 inches thick in the thickest part; and 
the depth fromtllcsUI'faceofthe field,clothed 
with herbage, to the undisturbed gra\'el, was 
40 inches. 

The section shown in Fig. 11 represents all 
excavation made in the middle of the tOWII, 

andis here iutroduced because thebedofu rich 
IImoulJ" attained,accordillgto:Mr. Joyce, tll~ 
unusual thickness of 20 inches. Gravel lay 
at the depth of 48 inches ii'olU the surface; 
but it was not ascertained whether this was 
ill its natural state, or had been brought hen' 
and llfld been rammed down, as occurs ill 
some other places. 
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The section shown in Fig. 12 w,tS t.1.ken 
in the centre of the Basilica, alld though it was 
5 feet in depth, the natural Rub-soil was Ilot 

Fig. It. 

&'Ctio.u in a block of blli~ii;;~~:::.he miJdll· of ~he t<lWIl ,,( 

reached. The bed marked "concrete" was 
probably at one time a floo r ; and tile beds 
bcn~·\th SI'om to be tho l'C1nnants of mort' 
ancient bui ld i ng~. The vegetable mould wa~ 
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here only 9 inches thick. III 80me other 
8lOCtioll!:!, not copied, wc likcwi.f;e h:we 

ev idence of buildings having been erected 
O\'cr the ruins of older ones. In one ca~e 
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there was a layer of yellow clay of very 
unequal thickness between two beds of d~hri". 
the lower one of which rested on a. floor with 
te:>serre, The ancient broken walls appear to 
have Leen sometimes roughly cut down to a 
uniform level,so as to serve as tIle founda­

tions for a temporary build ing; and Mr, .Toyce 
suspects that some of these Luilding8 were 
watt1~d sheds, plastered with clay, which 
would account for the above-mentioned layer 
orelay. 

Turning now to the points which more 
immedi:ltely concern tiS. 

wereobscrvedon the Iloorsofscvcrnl of 
rooms, in onc of which the tClSSl.'latioll w:u. 
unusu:llly perfect. 'I'he tessem:: herc COII­

sisted of little cubes of liard s..'l1ldstone of 
about 1 inch, several of which were 100"'0 
or projected slightly above the gCllem1 level. 
One or occasionally two open worm.bulTows 
were found beneath all the loose tef:Rer:~. 
\Vormshave also penetrated tlu.! old walls ()f 

these I'Ui n K A wall, which had 
exposed to "iew during the 

in progress, was examined; it wns built 01 

large fli nt.!!, and was 18 inches in thicknc~", 
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Lt appeared sound, but when the soil was 
removed from beneath, the morlnr in the 
lower part was found to be so much decayed 
thnt the flints fell apart from their own 
weight. Iiere, in the middle of the wall, at 
a deplh of20 inches beneath the old floor and 
of 4!l~ inches beneath the sUl'face of Ihe field, 
a living wonn was found, and the mortar was 
penctrateu by several burrow8. 

A Sl'COlld wall was exposcu to "jew for the 
first time, and nn open burrow was seen 011 

its broken summit. By separntillg Ihe flints 
this burrow was traced far down in tbe 
interior of the wall; butassolllc of the flints 
cohered firmly, the whole ma!>S was disturbed 
in pulling down the wall, atld the burrow 
could not be traced to the bottom. The 
foundations of a third wall, which appeared 
quite sound, lay at a depth of 4 feet beneath 
one of the fioon;:, and of course at a con­
siderably greater depth beneath the Im'cl of 
the ground. A large flint was wrenched out 
of the wall at about a foot froll1 tIle ba~, 
and this required much force, os the mortal' 
was ~uud; but behind the fliut in the 
middle of the wall, the 1110rtar was friable, 
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and here there were wonll-lmI'rOw8. Mr. 
Joyce and my sons were surprised at the 
blackness of the mortar in thi8 and in several 
other cases, and at the prefiCllcc of mould in 
tho intet-ior of the walls. Some may have 
been placed there by the ohl bui lders instead 
of mortar; but we should remember that 
worms line their burrows with black humus. 
)[orcoveropen spaces would almostcert.'l.in ly 
lu\\"o been occasionally left between the large 
irregular flints; and these spaces, wc may 
feel sure. wotlld be filled up by the worms 
with their castings, as soon atl they wore able 
to penetrate tho wall. Uain-water, ooziug 
down the burrows would also cHrry fine 
dark-coloured particles into c\'ery crevice. 
) rr. Joyoo was at first \'e1'Y sceptical about 
the amount of work which 1 attributed to 
wonns j but he ends his notes with reference 
to the last-mentioned wall by 6..'\yillg, " This 
"case caused me more surprise and brought 
"more conviction to me thau any other. 1 
"should ha\'o said, and did Bay. that it was 
"quito impol'Sible such a waJlcould have been 
,; penetrated by earth-wol'm~," 

I n almost all tberooms the pa\'ement hilS 

Q2 
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sunk considerably, 
ally towards the 
and this is shown in the 

~ ~~::e 1!:~I:l:::~I::ent:cct~~~II~~ 
] 

J 
di tion, Fig, 13, was takell 
it from north to south across 
J a room, 18 feet ,f inches ill 

length, with a nearly pcr-

feet 10 the 

.; 1 Wooden lIut." III 
:.. ~" tbe nortbern half, the suL. 

~ sidenco amounted to 5;1-
~ inches beneath the le"el of 
J tile floor as it now stands 
:¥ close to the walls; f1.nd it 

~ 
~ 
'0 lJUt, according to MI'. Joyce, 

j the entire ~:~:~;;:~lt h~'ll: 
tbe tesserro 

away from the wall:;: wilibt 
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in other places they were still in close contact 
with them. 

In Fig. 14, we see a section across the 
paved floor of the southern corridor or 
ambulatory of a quadrangle, in an excavation 
made near "l'he Spring." Tho floor is 7 
feet !) inches wide, and the hroken-down 
walls lIOW project only i of an inch above it~ 
levf!l. The field, which was in pasture, here 
810ped from north to sollth, at an angle 
of 30 40'. The nature of the ground at some 
little distance on each side of the corridor is 
shown ill the section. It consisted of earth 
full of stones and other debris, capped with 
dark vegetable mould which was thicker on 
the lower or southern than on the Ilorthern 
side. The pavement was nearly luvel along 
lines pamllel to tbe side-wall!!, but had sunk 
in the midJleas much as7i illches. 

A small room at no great distance from that 
represented in Fig. 13, had hel'n enlarged by 
the Roman occapier on the southern side, by 
nnaddition of5 feet 4 inchc:)in bt·cadth. For 
this purpoge the southern wall of the house had 
been pulled down, but the foundations of the 
old wall had been left buried at a little depth 
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beneath the pewement of the enlarged room. 
)Ir. Joyce believes that this buried wall must 
have been built before the reign ofOlaudius II., 
who died 270 A.D. We see in the accom­
panying section, Fig. 15, that the tesselated 
pavemeut bas subsided to a less degree over the 
buried wall than elsewhere; so that a slight 
convexity or protuberance here stretched ill a 
straight line across the room. This led to 
a hole being dug, and the buried wall was 
thus discovered. 

We see in these three sections, and in 
several others not given, that the old pave­
menU! have sunk or sagged considerably. 
Mr. Joyce formerly attributed this sinking 
solely to the slow settling of the ground. 
That there has been borne settliug is highly 
probable, and it may be seen in Fig. 15 
that the pavement for a width of 5 feet 
O\'el' the southern enlargement of the 
room, which must have been built on li'esh 
ground, Ims sunk a. little more than ou the 
old nortllern side. But this sinking may 
possibly have had no connection with the 
enlargement of the room j for in Fig. 13 
one half of the pavement has subsided more 
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than the other half without any assignable 
cause. In:l bricked passage to Mr. Joyce's 
own house, laid down only about six years 
ago, the @:lHle kind of sinking has occurred as 
in the ancient buildings. Nevertheless it does 
not appear probable that the whole amount 
of sinking c.'\n be thus accounted for. The 
Roman builders excavated the ground to an 
unusual depth for the foundation~ of their 
walls, which were thick and solid; it is 
therefore hardly credible that they should 
have been careless about the !iiOlidity of the 
bed on which their tesselated and often 
ornamentod pavements were laid. 'I.'he sink~ 
ing must, as it appears to me, be attributed 
in chief part to the pavement having been 
undermined by worms, which we know arc 
still at work. Even Mr. Joyce at last ad­
mitted that this could not have failed to lmve 
produced a considerable effect. Thu8 al&O the 
large quantity of fine mould overlying the 
pa"ementl! can be accounted for, the presence 
of which would otherwise be inexplicable. My 
SOilS noticed that in one room in which the 
pnvemellt had sagged very little, there was an 
unusually small amount of overlying mould. 
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As the foundat ions of tho walls generally 
lie at a considerable depth, they wi ll either 
have not suhsided at all through the under­
min ing action of worms, or they will have 
subsided much less than the fioor. This 
latter result would follow from 'Worms not 
often working deep down beneath the founda­
tions; but more cl:<pecially from the walls not 
yielding when penetrated by worms, whereas 
the successively formed burrows in a mass 
of earth, oqual to one of the walls in depth 
and thickness, would have collapsed many 
times since the desertion of the ruins, 
and would consequently have shrunk or 
subsided. As the walls cannot havo sunk 
much or at all, the immediately adjoining 
ptwcment from adhering to them will have 
been prevented from subsiding; and thus 
the present curvature of the pavement is 
intelligible. 

The circumstance which lms surprised me 
most with respect to Silchester is that during 
the many centuries which have elapsed !;Iinoe 
the old buildings were deserted, the vegetable 
mould has not accumulated over them to a 
gl'eaterthickness than that hereobserveu. In 
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most places it is only about 9 inches in thick­
nes'!;, Lut in some places 12 or even more 
inches. In Fig. 11, it is ginn as 20 inches, 
bnt this sectioTl was drawn by Mr. Joyce 
before his attention was particularly called to 
this suhject. The land enclosed within the 
old walls is descrii>ed as sloping sligl)Ily 10 

the south;. but there are partij which, accord­
ing to Mr. Joyce, are nearly level, and it 
appears that the mould is here generally 
thickcr than elscwhere. The surface slopes 
in otber parts from west to east, and Mr. Joyce 
describes one floor as covered at the western 
end by rubbish and mould to a thickness 
of 28! inche!'!, and at the enstern end by a 
thickness of only ll! inches. A very slight 
slope suffices to cause recent castings to flow 
downwards during heavy rain, and thus much 
earth will ultimately reach the neighbouring 
rills and streams and be carried away. By 
this means, the ablSCnce of ycry thick beds of 
mould o\'er these ancient ruins may, as J 

believe, be explained. Moreover most of tbe 
land here has long been ploughed, and this 
would greatly aid the washing away of the 
finer enrth during rainy wcather. 
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The nature of the beds immediatek 
beneath the veget..1.ble mould in some of tl;e 
sections is ratber perplexing, We see, for 
inst..1.nce, in the section of an excavation in a 
gra.ss meadow (Fig, 14), which sloped from 
nort.h to south at an angle of 3° 40', that the 
mould on the upper side is on ly six inches 
and on the lower side nine inches in thick­
ness. But this mould lies on a mass (25! 
inches in thickness on the upper side) "of 
.. dark brown mould," as described by :\fr. 
JoyCt!, "thickly interspersed with small 
"pebbles and bits of tiles, which present a 
II corroded or worn appearance." 'fhe state 
of this dark-coloured e..'l.rth is like that of a 
field which has long been ploughed, for the 
e..'\rth thus becomes intermingled with stone:; 
and fragments of all kinds which have been 
much exposed to tbe weather, If during the 
course of many centuries this grass meadow 
and tbe other now cultivated fields have been 
at times ploughed, and at other times left as 
pasture, the nature of the ground in the above 
section is rClldered intelligible. For worms 
will continually have brought up fine earth 
from below, which will have been stirred 
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up by the plough whenever the land was 
cultivated. Bnt after a time a greater 
thickness of fine earth will thus have been 
accumulated than could be reached by the 
plough; and :\ bed like the 25!-inch ma~, 
in Fig. 14, will have been formed beneath 
the superficial mould, which latter will have 
been brought to the surfilCo within more 
recent times, and have been well sifted by 

the worms. 
TVro.xeter, SltrQPshire.-The old Roman city 

of Uriconium was founded in tile early part 
of the second century, if not before this date; 
and it was destroyed, according to :Mr. 
'Vright, probably between the middle of the 
fourth and fifth century. The inhabitants 
were massacred, and skeletons of women 
were found in the hypocausts. Before tbe 
year 185f1, the sole remnant of the city above 
ground, was a portion of 1\ mas.. ... ivc wall 
about 20 ft. in height. Tho surrounding 
land undulates slightly, and has long been 
under cultivation. It lmd been noticed that 
tbe corn-crops ripened prem,tturely in certain 
lIarrow line.q, and that the snow remained un­
melted in certain places longer than in others. 
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T1Wf\e appearances 100, as 1 waH iuformeJ, to 

extcll!olive excavations being ulHlcrtakcn. The 
foundations of many large buildings and 
severol streets ha\'e thus been exposed tQ view. 
Tile space enclosed within the old walls is 
an oval, about H mile in length. 
Many the stones or bricks u!:Ied in the 
buildings must have been canieJ away; Lut 
the hypocausts, baths, and other underground 
buildings were found tolerably perfect, being 
filled with stones, broken tiles, rubbish and 
soil. The old floors of various rooms were 
covered with rubble. As I was anxious to 
know how thick the mantic of mOllld and 

rubbish was, which had so long concealed 
these ruins, I applied to Dr. IT. Johnson, who 
had superintended the excavations ; and he, 
with the greatest kindness, twice \'isitoo the 
place to examine it in reference to my qtle~ ­

tionft, and had many trenches dug in four 
fields which had hitherto been undisturbed . 
The results of his obsen'ations arc given in 
the following Table. He allio 
mens of the mould, and answered, as 
he could, all my qnestions. 
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MUMCal'lIIr.lfTll BT DB. H. Jomn;oy 0' TnlS TIIICISF.I!S 0' 

Till \'IIIITABLlI .OULDOVn Tilt: no ..... '\' RUIS6AT 

Waou:n:I<. 

'l'rcncllCs dug in afield called "Old \rorkf" ." 

I. A~c~~lh of 36 inchell un'!ilIturbod Ban.! w~~ :''0 

2. At Il depth of 33 inchea concn:cte wll8reache<.l 21 
3. " " 9inct.eoooonCl\te"''NreacbeoJ {) 

Trenches dug in a fielJ called .. Shop 
Leasows ;" this is the highest field within the 
old walls, and slopes down from a sub-central 
point on all sides at about an angle of 2°. 

4. ~umlll;tof6e!d, trench 45inche.docp .. 40 
5. CIU16 I.OlummilufficlJ,trench 36inchl'ldooll 26 
G. " " trench~illcbel d""p 28 
7. Ke&rftummitoffield,trcnch3Ginchl'ldeep 2-1 
8 . .... tn>nchlltOOeeud3U 

Inch .. deep;t~mouldheregr&duatedinto 
the uuuerlying undi~turbed .anod, and ill! 
tlllcknetll(2Iinches)!allJlIlewt.atlrlHtraty. 
At the othtr ~n,j .... r the tr~nch, M caUlll.lwllY 
wll<Ienoounlcrooatadel'thufouly7incioc., 
tIIIJthcmouidwashel'1lonly7incheatliick 21 

9."renchcIOietothela&t,28iuchellindcpth .. 1I'i 
10. Luwerpartofl3lllefidJ,trench30inchOidoop 15 
11... trench31iucbOl,leep 17 
12. " " trt:ncb 36 inch, .. d~'Cp. 

at ... b;chd~pth undiiturbedla!Kl waa reachw :?/:I 
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11.lcIlDotlletpt.nof.me6eld,trench!llinchllt 
deep,Btoppedbyooncret6 ....•• 

I!. JnB.notherllartoflam6ficld,trench!linchcl 
deel),stoppedbycotlCTcte ...•.. 

1.1.JllllnothCr I'IlTtofthemmeficld,treuch2t 
incbesdool',wheDIROOwul'(!llCheol 

1j).lnllnotilcTpaftoftruTl8field,lnmcb30inche. 
deep,whenl"'D~"'l'nIr'CllChed; .tonemt<1 

;~;~: ::~: :::~d .~2 inchet, at tile other 

Small field between "Old Works" ;Iud 
"Shop Leasows," I believe nearly as high as 
Ibe upper part of the laUer field. 

17.1'rench2Ginche.doop ...... 24 

18. ~:u,e:~yinCh~ doc!" IIml thtn came upon ~ 10 

10. 1'rcnch 34 inchesdool) .. 30 
20. ,,31inebesdeep.. .. 31 

Field 011 the western side of the spa(.'e 
enclosed within the old walls. 

21. 'l'rench28 ineileedoc!"wbcnundiBtUTbcollll\lld 
was rtl~che.t.. ., ., .. .. 

2~. Trench 29 inches dcep, ",ben nndiiturbecillll"1 
W&SJ'eIIChed., ...... ., 

23, Treoch 14 inches deep, a.nd t.hcnC3meul.,na 
building 

Dr. Johnson distinguished as mould the 
earth which diffcl'cll, more or ie!)S abruptly, in 
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its dark colour and in its texture from the 
underlying sand or rubble. In the specimen~ 
sent to me, the mould resemblcd that which 
lies immediately beneath the turf in old 
pasture-land, excepting that it oft!'n contained 
small sooncs, too large to have passed through 
the bodies of worms. But t he trenches above 
described were dug in fields, none of which 
were in pasture, and all had been long 
cultivai.efl. Bearing in mind the remarks 
made in reference to Silchester on the effects 
of long-continued culture, combined with the 
action of worms in bringing IIp the finer 
particles to the surface, tho mould, as so 
designated by Dr. J ohnson, 8(;emo:; filirly well 
to deservo its name. Its thickuCl,;S, where 
there was no Ct1.useway, floor or wall~ heneath, 
was greater tban has been el!:,cwhere ob­
Fer\'ed, namely, in many places above 2 ft" 
and in one spot above 3 ft. The mould was 
thickest on and close to the nearly 1eyel 811m· 

mit of the fie ld called ., Shop Lcasows," and 

in a small adjoiuing field, which, as I helie\'o, 
is of nearly the same height. One side of' 
the former field slopes at an angle of rather 
aLo\'(, 2°, and I z;hould ha\'e expected that 
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the mould, from being washed down during 
heavy rain, would have been thicker in the 
lower than in the upper p..'\rt; hut this was 
not the case in two out of the three trenches 

here dug. 
In many places, where streets ran honeath 

the surface, or where old buildings stood, the 
mould was only 8 inches in thickness; and 
Dr. Johnson was surprised that in ploughing 
the land, tbe ruins had never been struck by 
the plough as far as be had heard. He thinks 
that whE:n the land was first culti,'ated the old 

walls were perhaps intentionally pulled down, 
and that hollow places were filled up. This 
may have been the case; hut if after the 
desertion of the city the land was left for 
many centuries uncultivated, worms would 
have brought up enough fine earth to 113\-e 

covered the rums completely; that is if 
they had su~ided from having been under­
mined. The foundations of some of the walls, 
for installce those of the portion still stand­
ing abollt 2U feet above the ground, and 
thotle of the market-place, lie at the extra­

ordinary depth of 14 feet; but it is highly 
improbable that the foundations were gener-
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ally so deep. The mortar employed in the 
buildings must have been excellent, for it 
is still in parts extremely hard. Wher­
ever walls or any height have been exposed 
to view, they are, as Dr. Johnson believes, 
still perpendicular. The walla with such 
deep foundations cannot have been under­
mined by worms, and therefore cannot han:l 

subsided, as appears to have occurred at 
Abinger and Silchester. lIence it is very 
difficult to account for their being now com­
pletely covered with earth; but how much 
of this covering consists of vegetable moulJ 

and how much of rubble I do not know. 
The market-place, with the foundations at a 
depth of 14 feet, was covered up, as Dr . 
• 10hnson believes, by between 6 and U inche~ 

of earth. The tops of the broken-down walls 
of a caldarium or bath, 9 feet in depth, were 
likewise covered up with nearly 2 feet of 
earth. The summit of all arch,leading into 
an ash-pit 7 feet in depth, was covered up 
with not more than 8 inches of earth. When­
ever a building which bas not subsided is 
covered with eartb, we must suppose, eithel 
that the upper layers of stone have been at 

n2 
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some time carried away by man, or that e.'\rth 
has since been washed down during heay)' 
rain, or blown down during storlDR, from the 
adjoining land; and this would be Cilpecially 
apt to occur where the land has long been 
cultivated. In the above cases the adjoining 
land is somewhat higher than the thrce speci­
fied sites, as far as I can judgo by maps and 
from information given me by Dr. Johnson. 
If, however, a great pile of broken stones, 
mortar, plaster, timhcr and ashes fell oyer the 
remains of any building, their disintegration 

in the course of time, and the sifting action 
of worms, would ultimately conceal the whole 
beneath fine earth. 

Concluaion.-The casesgi"en in this chapter 
show that worms have pla.yed a coDfliderable 
part in the burial and concealment of several 
Roman and other old buildings in England j 

but DO doubt the washing down of soil frOID 
the neighbouring higher lands, and the de­
position of dust, have together aided largely 
in the work of concealment. Dust would be 
apt to accumulate wherever old broken-down 
walls projected a little above the then exist-
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ing surface and thus afforded BOme shelter. 
The floofS of the old rooms, halla and pass.'lge::l 
have generally sunk, partly from the settling 
of the ground, but chiefly from having been 
undermined by worms j and the sinking has 
commonly been greater in the midd le than 
near tlle walla. '1'he walla themselves, when­
ever their fOllndations do not lie at a great 
depth, have been penetrated and undermined 
by worms, and have consequently subsided. 
The unequal subsidence thus caused, probably 
explains the great cracks which may be seen 
in many ancient walls, as well as their 
inclination from the perpendicular. 
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CHAPTER V. 

Eridenceoftbeamotlntofdeoudat.ioll'fl'hiehthelandhu 
undergono-Sub--erialdenudatioo-Thedepoeitionoldll8t­
Vegetable mo\\kI.itadarkoolourand6ne~J:turelargeI1due 

tot.heaction oC .... onn.--Thedwnl.egnt.Uonofrooli. by the 
huml1A-lCidt-Similar acid8 apparentlygenerat.ed within tbe 
bodieaofwo~TbeaetionorthClieacid.faeilitatedbythe 

continuoomovemeotofthop&rticleaofCfl,rth_Athiclibodof 
mould choob the diBintegration of the undcrlyiogllOilaod 

::~:t!~:::~ :O~eswo,:: ~tu:~::::-~~,~ 
gw.ted.tatec;ftbecutings-Fragmentaofbricliiothecutingll 
ol'trucientbuildinpwellroundod. Thel.ritnratingPOll~ol 

wormlnotqulteinsigoificantnoderageo1ogicalpointofview. 

No one doubts that our world at one time 
consisted of crystalline rocks, and that it iato 
their disintegration through the action of air, 
water, changes of temperature, rivers, waves 
of the sea, earthquakes and volcanic outbursts, 
that we owe our sedimentary formations. 
These after being consolidated and sometimes 
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recrystallized, have often been again dis­
integrated. Denudation means the removal 
of such disintegrated matter to no lower level. 
Of the many striking results due to tIle 
modern progress of geology there are hardly 
any more striking than those which relate to 
denudation. It was long ago seen that 
there must have been an immense amount 
of denudation; but until the successive forma­
tions were carefully mapped and measured, 
DO one fully realised llOW great was the 
amount. One of the first and most remark­
able memoirs ever published on this subject 
was that by Ramsa.y,· who in 1846 showed 
that in 'Vales from 9000 to 11,000 fect in 
thickness of solid rock had been stripped off 
large tracks of country. Perhaps the plainest 
evidence of great denudation is afforded by 
faults or cracks, which extend for many miles 
across certain districts, with the strata on one 
side raised even ten thousand feet above the 
corresponding strata on the opposite side; and 
yet there is Dot a vestige of this gigantic 
displacement visible on the surface of the 

·"OntbedelludatioDofSouthWalea,"&c.,'Memoinofthe 
oeoIogieaJ.SUt'f1l1 ofOI'HtBritaiD,''fol.i.,p.297.1tH6 
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land. A lluge pile of rock has been planed 
away on one side and not. a remnant left. 

Until the last twenty or thirty yeaNl, most 
geologists thought that the waves of the 8e.'l. 

were the chief agents in the work of dentlda· 
tion; but we may now feel sure that ail' and 
rain,aided by stre..1ms and rivers, arc much 
more powerful agent8,-thnt is if we consider 
the whole are.'\. of the land. The long lines of 
escarpment which stretch across several parts 
of England were formerly considered to be 
uudoubtedly ancient coast-lines; but we now 
know that they stand up above the general 
surface merely from resisting air, rain and 
frost better than the adjoining formationa. 
It has rarely been the good fortune of a 
geologist to bring cOJlviction to tbe minds of 
his fellow-workers on a disputed point by a 

single memoir; but Mr. 'Vhita.ker, of the 
Geological Survey of England, was so for­
tunate when, in 1867, he published his paper 
'IOn sub-aerial Denudation, and on Cliffs and 
Escarpments of the Chalk." - Before this 
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paper appeared, Mr. A. Tylor had adduced 
important cvidenoo on sub-aerial denudation, 
by sbowiug that the amount of matter 
brought down hy rivers must infallibly lower 

the level of their drainage-basins by many 
feet in no immense lapse of time. This line 
of argument has since been followed up in the 

most interesting manner by Arc1Jibald Geikie, 
Croll and others, in a. series of valuable 
memoirs.- For the sake of those who llave 

never attended to this subject, a. single 
instanoo may be here given, namely, that of 
the Mississippi, which is chosen because the 
amount of scdiment brought down by this 
great river has been investigated with especial 
care by order of the United States Govern· 
ment. The result is, as Mr. Croll shows, that 
the mean level of its enormons area of 

• A.Tylor"On ehange.of the eea-Ievtl,"&e., 'Philo.ophiea\ 
Ma~' (Ser. 4.th) vol. v., 1S53, po::!58. Archit.ld Geikie, 
Tl'I.lltIICtion.Oeolog.Soo.ofGlIIIIgow,vol.lii.,p.153 (readMareh, 
1!)68). Croll "011 GoolOj,lical 'rime," 'l'hilOllOphico.l Mag.,' 
May, An:tUt,-.nd November,l868. Sce alBa Croll, • Climate 
and 'J.'imp,' 1815, Chap. XX. ForlOllle recent infonna~1on on 
tbel.moon~ orlltldimentbroughtdmrnbyriven, _'Nature,' 
Sept. ::!3n1,18HO. Mr.T. Milliard Heado b ... publillhed lOme 
In~reI!tinJo; IIltlCllee on tho I.8toniallillg amount of matter 
bronght. down io IOlution by rh·en. See Add..-,Gooiog. Soc., 
Lirerpoo!,UIi6-i7. 
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drainage must be lowered ~ of a foot 
annually, or 1 foot in 4566 years. Con­
sequently, taking the best estimate of the 
mean height of the North American continent, 
viz. 748 feet, and looking to the future, the 
whole of the great Mississippi basin will be 
washed away, and" brought dOVffl to the sea­
"level in less than 4,500,000 years, if no 
"elevation of the land L"l.kes place." Some 
rivers carry down much more sediment re­
latively to their size, and some much Jess than 
the Mississippi. 

Disintegrated matter is carried away by 
the wind 308 well as by running water. 
During volcanic outbursts much rock is 
triturated and is thus widely dispersed; and 
ill all arid countries the wiud plays an im­
portant part in the removal of slIch matter. 
Wind-driven sand also wears down the 
hardest rocks. I have shown· that during 
four months of the year a. large quantity of 
dust is blown from the north-western shores 
of Africa, and falls on the .Atlantic over a 

""ADaooooDtofthe6.nedUlltwhiehortenrjalIsOD"~\ain 
~~~6~t1&nliO Ocean," Proc. GooJog. Soc. or London, June 4th, 
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~ace of 1600 miles in latitude, and for a 
distance of from 300 to 600 miles from the 
coast. But dust has been seen to fall at a 
distance of 1030 miles from the shores of 
Africa. During a stay of three weeks at 
St. Jago in the Cape Verda Archipelago, the 
atmosphere was almost always hazy, and ex­
tremely fine dust coming from Africa was COD­

tinually falling. In some of this dust which 
fcU in the open ocean at a distance of between 
330 and 380 miles from the African coast, there 
were many particles of stone, about nllflf of an 
inch square. Nearer to the coast the water 
has been soon to be so much discoloured by 
the falling dust, that a sailing vessel left a 
track behind her. In countries, like the Cape 
Verde Archipelago, where it seldom rains 
and there are no frosts, the solid rock never­
theless disintegrates; and in conformity with 
the views lately advanced by a distinguished 
Belgian geologist, De Koninck, such disin­
tegration may be attributed in chief part to 
the action of the carbonic and nitric acids, 
together with the nitrates and nitrites of 
ammonia, dissolved in the dew. 

In all humid, even moderately humid, 
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countricfiI, worms aid in the work of deouda. 
tiOD in several ways. The vcgchLble mould 
which covers, ns with a mantle, the 8urf.'\ce 
of the land. has all passed many times 
through their bodies. Mould differs in ap­
pearance from the subsoi l only in its dark 
colour, and in the absenco of fragments or 
particles of stone (when such are present in 
the IIUb80il), larger than those which can pass 
through the alimentary canal of a worm. 
This sifting of the soil is aided, as has already 
been remarked, by burrowing animals of 
many kinda, especially by ants. In countries 
where the summer is long and dry, the 
mould in protected places must be largely 
illcreased by dust blown from other and morc 
exposed places. For instance, the quantity 
of dust sometimes blown o\'cr the plains of 
La. Pinta, where there are no solid rock!'!, is 
so great, that during the II gran seeo," 1827 
to 1830, the appearance of the land, which 
is here uneuclosed, was so completely changed 
that tho inhabitants could not recognise the 
limits of their own estates, and endless law­
suits arose. Immense quantities of dust are 
likewise blown about in Egypt and in the 
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south of F rance. I n China, as Richthofen 
maintains, beds appearing like fineaeuiment, 
several hundred feet in thickness and extend­
ing over an enormous area, owe their origin 
to dust blown from the high lands of central 
Asia.- In humid countries like Great 
Britain, as long as the land remains in its 
natural st..'lte clothed Witll vegetation, the 
mould in anyone place can hardly be much 
increased by dust; but in its present con­
dition, the fields near high road~, where there 
is much traffic, must receive a considerable 
amount of dust, and when fields are harrowed 
during dry and windy weather, clouds of dust 
may be scen to be blown away. But in all 
these cases the surface-soil is merely trans­
porteu from one place to another. The dU8t 
which falls so thickly within our hol.L.<>.CS con-

° ForI.. i>lata,_my 'Joumal ofTIeeearehn,'during the 
vll~or IheBflfIgle, 1845,p. 133. tlicdcBe.umonthas 
givcn('Le~llIdc Goolog. pratique,' 10m. 1.1S.15,p. JR3)an 
n:cellentacoountof thcenormoll3 quantity of dust which is 
tl'lUlllporlci.l in IOm6 eountri611. I cannot but think that Mr. 
I'roetor haa II()llIcwhat eJiaggeratod ('l'l_nt Way. in &i~nce,' 
1879,p.3itl)th6agcncyofdnBtinRhumidoot\utry like Groot 
Britain. JatneiGeikieba!;;iven ('l'rehilltorio Europr,' 1880, 
p. 165). (till at-II'act or RLChlhof~n·. view .. which, bowever, 
b~ diarutet. 
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sists largely of organic matter, and if spread 
o\'er the land would in time decay and dill'" 
appear almost entirely. It appcnrs, however, 
from recent observations on tho silow-fields 
of the Arctic regions, that some little meteoric 
dust of extra mundane origin is continually 
faIling. 

The dark colour of ordinary mould is 
obviously due to the presence of decayin~ 
organic matter, which, however, is present in 
but small quantities. The loss of weight 
which mould suffers when heated to redllei'~ 
seems to be in large part due to water in com­
bination being dispelled. In one sample of 
fertile mould the amount of organic matter 
was asrertained to be only 1'76 per cent.; ill 
some artificially prepared soil it was as much 
as 5'5 per cent., and in the famous black soil of 
RU!lSia from 1) to even 12 per cent.- In leaf· 
mould formed exclusively by tho decay of 
leaves the amount is much greater, and ill 
peat the carbon alone sometimes amounts t{) 

• 'Iheee ltatemenw arc taken from IicnlleR in 'Zeitac::btin 
tlirwilM6UlIChat\. Zoolugie' Bd. uviii., 18j7,p. 800. 1'ho1e 
with r/ljjl'ect to pe&t are caken from Mr. A. A. Juhcn in 'l>roc. 
AmcricanAJeoc.&:iebQl.' 18j9,p.3H. 
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64 per cent.; but with these latter cases we 
are not here concerned. The carbon in the 
soil tends gradually to oxidise and to dis­
appear, except where water accumulates and 
the climate is cool;- so that in the oldest 
pasture-land there is no great excess of 
organic matter, notwithstanding the con· 
tinuoo decay oftbe roots and the underground 
stems of plants, and the occasional addition 
of manure. The disappearance of the organic 
matter from mould is probably much aided 
by its being brought again and again to the 
surfllccill the castings of worms. 

Worms, on the other hand, add largely to 
the organic matter in the soil by the astonish· 
iug number of half..{lccayed leaves which 
they draw into their burrows to a depth of 2 
or 3 inches. 'l'hey do this chielly for obtain· 
iug food, but partly for closing the mouths 
of their burrows and for lining the upper 
part. The leaves which tlley consume are 
moistened, torn into small shreds, partia.lly 
digested, and intimately commingled with 

• lhav&gi\'enlOme r6CtaontbeclimM&Oeoe.&ryorr"vour_ 
.b!erurth.rormatiunorpellt,inmy·Journa1orn_n;b~· 
UHG,p. 2ti7. 
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earth; and it is this proce~s which gives to 
vegetable monld its uniform dark tint. It is 
known that various kinds of acids are gene_ 
rated by the decay of veget.'\bJe matter; and 
from the contents of the intestines of worms and 
from their c.'\stings being acid, it sooms pro­
b,\ble that the process of digestion induces an 
analogous cllemical change in the swallowed, 

triturated, and half.-dec..'\yed le..wef!. The large 
quantity of carbonate of lime socrctcd by the 

calciferous glands apparently serves to neutra­
lise the acids thus generated; for the digestive 
fluid of worms will not act unless it be alkaline. 
As the contents of the upper part of their in­
testines are acid, the acidity can hardly be due 
to the presence of urie acid. We may there­
fore conclude t1atthe acids in the alimentary 
canal of worms are formed during the digee­
tive process; and that probably they are 

nearly of tIle smne nature as those in ordinary 
mould or humus. 'The latter are well known to 
have tho power of de-oxidising or dissolving 

pcr-oxido of iron, as may be seen wherever 

peat overlies red sand, or where arottcn root 
penetrates such sand. Now I kept some 
worms in a pot filled with very fine n:JJi~h 
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sand, consisting of minute particles of silex 
coated with the red oxide of iron; and the 
burrows, wbich the worms made through tbis 
sand, were lined orcortted in the usual manner 
with their castings, formed of the 8.'l.lld mingled 
with their intestinal secretions and tLe refuse 
of the digested leaves; and this sand bad 
almost wholly lost its red colour. When 
small portions of it were placed under the 
micro:;oopc, DlOl:it of tbe grains were seen to 
be transparent and colourless, owing to the 
dissolution of the oxide; whilst almost all the 
grains taken from other pnrts of the pot were 
cooted with the oxide. Acetic acid produced 
hardly any effect on this sand; and even 
hydrochloric, nitric and sulphuric acids, 
diluted as in the Pharmacopceia, produced 
less effect than did the acids in the intestines 
of tile worms. 

Mr. A. A. Julien has lately collected all 
the extaut information about the acids gen­
erated in humus, whic11, accordillg to some 
chemists, amount to more tha.n a dozen 
different kinds. These acids, as well as their 
acid salts (i.e., in combination with potash, 
soda. and ammonia), act energetically on . 
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carLonate of Erne and on the oxides of iron. 
It is also known that some of thelie acids, 
which were called long- ago by 'l'henard azo­
humic, are enabled to dissolve colloid silica in 
proportion to the nitrogell. which they contain .• 
In tho formation of these latter aeids worms 
probably afford some aid, for Dr. n. Johnsoll 
illforml3 me that by Nessler's test he found 
()'OlS per cent. of ammonia in their castingl'l. 

It lIlay be here added that I have rooenliy 
been inlormed by Dr. Gilbert" that several 
"square yards on his lawn were swept clean, 
"and after two or three weeks all the worm-

OD the space were collected and 
ThelSc were found to contain 0'35 

.. of nitrogen. This is from two to three times 
"as mue:h as we find in our ordinary arable 
" hurfact.'-soil; more than in our ordinary 
"pa:;turc surface-soil; but less tllau in rich 
.• kitchen-garden mould . Supposing a quantity 

.. of ca"tings equal to 1 0 tons in the dry 

Darwin Online: By permission of the Trustees of the Natural 
Historv Museum (London) 



.. state were annually deposited on an acre, 
"this would represent a manuring of 78 Ibs. 
"of nitrogen per acre per annum; and tbis 
.. is very much more than the amount of 

"nitrogen in the annual yield of hay per 
"ncre, if raised without any nitrogenous 
"manure. Obviously, so far as the nitrogen 
"in t11e castings is derived from surface· 
"growth or from surface.soil, it is not a gain 
"to the latter; but so far as it is derived from 
.. below, it is a gain." 

The several humus-acids, which appear, as 
we have just seen, to be genemted within the 
hodies of worms during the digestive process, 
alld their acid salts, playa highly important 
part,according to the recent oLservations of 
){r, Julien, in the disintegration of variolls 
kinds of rookH. It has long been known that 
the carbonic acid, and no doubt nitric and 
nitrous acids, which are present in rain.water, 
act in like manner. There is, also, a great 
excess of carbonic acid in all soils, especially 
in rich soils, and this is dissolvoo by the water 
in the ground. The living roots of plants, 
moreover, as Sachs and others have shown, 
quickly corrode and leave their impressions 

82 
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on polished slabs of marble, dolomite and 
phosphate of lime. They will nU.'\Ck even 
basalt and sandstone.- But we are not here 
concerned with agencies which arc wholly 
independent of the action of worms. 

The combination of any acid with i. base 
is much facilitated by agit..'l.tion, as fresh 
surfaces are thus continually brought into 
cont..'lct. This will be thoroughly effected 
with the particles of stone and earth in the 
intestines of worms, during the dige:;tive pro­
cess; and it should be remembered that the 
entire mass of the mould over every field, 
passes, in the course of a. few years, through 
their alimentary canals. Moreover as the old 
burrows slowly collapse, and as fresh c..'l.stings 
are continually brought to the surface, the 
whole superficial Jayer of mould slowly re­
valves or circulates; and the friction of the 
particles one with another will rub off the 
finest films of disintegrated matter as soon as 
they are formed. 'l'hrough these several 
means, minute fragments of rocks of many 
kinds and mere particles in the soil will be 

• Stoe,for referenorson this lubjec:t, S,W, JoblllOll,'Do'll' 
Cropt io'eed,'1870,p. 326, 
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continually exposed to chemical decomposi­
tion ; and thus the amount of soil will tend 
toincreasc. 

As worms line their burrows with their 
castings, and as the burrows penetrate to a 
depth of 5 or 6, or even marc feet, some 
small amount of the humus-acids wi ll be 
carried far down, and will there act 011 the 
110derlying rocks and fragments of rock. 
Thus the thickness of the Boil, if none be re­
moved from the surface, will steadily though 
slowly tend to increase; but the accumulation 
will after a. time delay the disintegration of 
the underlying rocks and of the more deeply 
seated particles. For the humus-acids which 
are generated chiefly in the upper layer of 
vegetable mould, are extremely ullstnble com­
Ixmnds, and are liable to decomposition before 
they reach any considerable depth.- A thick 
Led of overlying soil will also cJleck the 
downward extension of great fluctuations of 
temperature, and in cold countries will check 
the powerful action of frost. '!'he freo access 
of air will likewise be excluded. From these 

• Thiall.lUlmenti. taken from Mr. Julien, 'J'roc. American 
A.oc.Scieuoe,',·ol.:uviiL,1879, p.330. 
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.!:everaJ causes disintegration would be almOf!t 
arrested, if the overlying mould were to 
increase much in thickness, owing to none or 
little being removed from tho surface.- Tn 
my own immediate neighbourhood we have a 
curious proof how effectually a few feet of 
clay checks some change which goes on in 
flints, lying freely exposed; for the large 
ones which have lain for some time On the 
surface of ploughed fields cannot be used for 
building; they will not cleave properly and 
are s..'lid by the workmen to be rotten. t I t is 
therefore necessary to obtain flin ts for build­
ing purposes from the bed of red clay over-

• 'l'hc l'ret'Crvatil'c plwerofn layer of mould and turf il often 
Bhownbyth61lCrfootltateoftbeglaeinlllCJ'R.lchetOilrocka .. heu 
fil'lltullrovercd. Mr.J.Geikiemainta[ns.iohiI IWltveTyinrer­
CoItingwork('Prebi.torio Europe: 1S.''I1), that tilemoreperlect 
ICl'lltch8lareprob&blyduetothelutl\ClOeUo{ooIdandioonue 
of ioe, during the Iong-conlilHled, inurmiUeutglaciai period. 

t Many geol~tI bave felt much IUrpriM at the COIIIf~(te 
diappearanoeofHiutioverwideaodoearlylevelar-,rrom 
wbich the chalk has been removed by lubaerial denudation. 
Dutthelurfaccofevcryflintiloo:'lltodbyanol*luemodilied 
layer, which will jUlt yield to a ~U)el point, wbil~t the fmhly· 
Il'11ctuI'(I(I, ll'llnBIlloont surfaoo will nnt thus yield. 'nle re-­
moval by atmOllpheric~encie8ofthe outer modified aurfllCftl 
offreclyexposod flints, though no doubt eXO/'IIIhely.low."," 
getherwiththemodificatioutmvcHing iu,,"&rd .. ",·m, &I lMy be 
8uBpectt<l.ultilUatelyleadtotheiroompletodi.integrau<.Il,uut­
withstaudlllgthattbcyappea.r tobolOextremelydurabl~ 
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lying the chalk (the residue of its dissolution 
by rain.water) or from the chalk itself 

Not only do worms aid indirectly in the 
chemical disintegmtion of rocks, but there is 
grod reason to belieye that they likewioo act 

in a direct and mechanical manner on tho 
emailer particles. All the species which 
swalJow earth are furnished with 
ana these are lined with so 
membrane, that Perrier speaks of it,· as "une 
verit.'l.ble armature." The gizzard is sur­
rounded by powerful transverse muscles, 
which, according to Claparede, are about ten 
times as th ick as the longitudinal ones; and 
Perrier saw them contracting energetically. 
Wonns belonging to one genus, Digaster, 
have two distinct but quite similar gizzards; 
and in another geuus, MOlliligaster, the 
FCCOud giz7.ard consists of four pouche~, one 
hllcceeding the other, so that it may almost 
be said to have five giz:t.ards.t In the same 
manner as gallinaceous and struth ious birds 
swallow stones to aid ill the trituration of 

• ' Arthinsde Zoolq:t. apir.' 10m. iii. 18H,p. 400. 
1ar. • Nwvdlea Arehhes du M~um,' tom. ,·iii. 1872, r. !lS, 
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tlleir food, so it appears to be with tcrricolous 
worms. 'l'he gizzards of thirty-eight of our 
commou wonna were opened, and in twenty. 
five of them small stones or grains of s.'md, 
sometimes together with the hard calcareous 
concret.iolls formed within the anterior cal. 
ciferous glands, were found, and in two others 
concretions alone. In the gizzards of the 
remaining worms there were no stones; out 
some of these were not re..'l.l exceptions, as 
the gizzards were opened late in the autumn, 
when the worms had ceased to feed and tooir 
gizzards were quite empty.-

When worms make their burrows through 
earth abounding with little stones, no doubt 
many will be unavoidably swallowed; but 
it must not be supposed that this fact 
accounts for the frequency with which stones 
and sand are found in their gizzards. For 
beads of glass and fragments of brick and of 
hard tiles were scattered ovcr the surface 
of the carth, in pots in which worms were 
kept and bad already mado their burrows; 

• Morren, In.poaking oC the earth in the.1imeDt.aryc.ual~o( 
1I'0rm ... Y" "1'1'WJIei'~ cum Japillil commilt.am vidi: ~ • De 
Lumbricl terrett"' Hiott.. Nllt.l&e..l~29, p.IG. 
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and very many of these lx-ads and fragments 
,vere picked up and swallowed by the worms, 
for they were found in their castings, intes­
tines, and giz7.ards. They even swallowed 
the coarse red dust, formed by the pounding 
of the tiles. Nor call it be supposed that 
tlley mistook the beads and fragments for 
food ; for we have seen that their taste is 
delicate enough to distinguish between dif­
ferent kinds of leaves. It is therefore 
manifest that they swallow hard objects, 
Buch as bits of stone, beads of glass and 
angular frngments of bricks or tiles for 
some special purpose j and it can hardly be 
<1oubterl that this is to aid their giz~rds 
ill crushing and grinding the earth, which 
they 80 largely consume. That such hard 
objects are not Dece&ary for crushing 
1(laves, may be inferred from the fact 
that certain species, which live in mud 
or water and feed on dead or living 
vegetable matter, but which do not swallow 
earth, are not provided with gizzardBt - and 
therefore cannot have the power of utilising 
stones . 

• Penicr,'Archil'tSde Zuolog. exl'lir.' tom. iii. 1874, p.419. 
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During the grinding process, the particles 
of earth must be rubbed against one another, 
and between the stones and tlle tough 
lining membrane of the gizzard. The softer 
particles will thus suffer some attrition, and 
will perhaps even be crushed. 'l'bis con­
clusion is supported by the nppe.."\rance of 
freshly ejected castings, for these often re­
minded me of the appearance of paint which 
bas just been ground by a workman between 
two flat stones. Morren r~mark8 that the 
intestinal canal is" imple1.'\ tenui~ima. terra, 
veluti in pulverem redacta." - Perrier also 
speaks of "1'61.'l.t de pate excessivement fine a 
lnqueJle est r6duite 130 terre qu'ils rejettent," 

&c.t 
As the amount of trituration which the 

particles of earth undergo in the giz7,ards 
of wonns possesses some interest (as we 
shall hereafter see), I endeavoured to obtain 
evidence on this head by carefully examining 

many of the fragments which had passed 
through their alimentary canals. With 
worms living in a state of nature, it is of 

• }Jorren, 'De Lumbrici lerretlri8I1i~t. Nal.'.tc.,p.l6. 
t 'Archll't!ldeZoolog.ex~r.'lOm.lii.lb74,'l.41Il. 

Darwin Online: By permission of the Trustees of the Natural 
Histo Museum(London 



253 

coun;e impossible to know how much the 
fragments may have been worn before they 
were swallowed. It is, howe\'er, clear that 
worms do not habitually select already 
rounded for sharply angular bits 
of fliut hard rocks were often 
found in their gizzards or intestines. Ou 
three occasions sharp spines from the stems 
ofrosc-bushes were thus found. Worms kept 
in confinement repeatedly swallowed angular 
fragments of hard tile,coal, cinders, and even 
the sharpcst fragments of glass. Gallinaceous 
anrI struthious birds retaiu the same stones 
in their giz ..... uds for a long time, which thus 
become well rounded; but this does not 
appear to be the case with worms, judging 
from the large number of the fmgments oC 
tiles, glass beads, stones, &c., commonly found 
in their castings and intestines. So that 
unless the S.'l.me fragments were to pnss re­
peatedly through their gizzards, visible signs 
of attrition in the fragments could hardly be 

perhaps in the case of very 

I will now give such evidence of attrition 
as I have been able to collect. In the 
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gizzards of some worms dug out of:\ tllill Led 
of mould over thecbalk,there were many wl'il. 
rounded small fragments of chalk, al~d two 
fragments of the shells of a land~mollusc (:IS 

ascertained by their microscopical structurt>), 
which latter were not only rounded but 
somewhat polished. The calcareous concre­
tions formed in the cnlciferous gland!;, which 
are often found in their gizznrds, intestines, 
and occasionally in their castings, when of 
large si?.e, sometimes appeared to hrwe ~Il 
rounded; but with all calcareous bodies 
the rounded appearance may be p..'\rtly or 
wholly due to their corrosion by carbonic 
acid and tho humus-acids. In tho gizzards 
of several worms collected in my kitchen 
garden near a hothouse, eight little frag­
ments of cinders were found, and of these, 
six appeared more or less rounded, as were 
two bits of brick; but some other bits were 
not at all rounded. A farm~rood ncar 
Abinger TIall had been covered 
before witb brick-rubbish to the of 
about 6 inches; turf had grown o\'er this 
rubbish on both sides of the TOad for a 
width of 18 iIlCh68, and on this turf there 
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were innumerable castings. Some of them 
were coloured of a uniform red owing to 
the presence of much brick-dust, and they 
contnined many particles of brick and of 
hard mortal' from 1 to 3 mm. in diameter, 
roost of which were plainly rounded j hut 
all these particles may have been rounded 
before they were protected by tho turf and 
were swallowed, like those au the bare parts 
of the road which were much worn. .A. hole 
in a pasture-field had been fillod up with 
brick-rubbish at the same time, viz., se\'en 
years ago, and was now covered with turf; 
and here the castings contained very many 
particles of brick, all more or less rounded; 
and this brick-rubbish, after being shot into 
the hole, could not have undergone any 
attrition . Again, old bricks very little 
broken, together with fragments of mortar, 
were laid down to form walks. and were 
then covered with from 4 to 6 inches of 
gravel; six little fragments of brick were 
extracted from castings collected on thelie 
walks, three of which were plainly worn. 
There were also very many particles of hard 
mortar, about half of which wcre well 
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rounded; and it is not crediLle that these 
could have suffered so much colTosion from 
tho action of carbonic acid in the course of 
only seven years. 

Much better eviJenre of the attrition of 
1mI'd objects in the gizzards of worms, is 
affonlcd by the slate of the small frngmellts 
of tiles or bricks, and of concrete in the 
castings thrown up where atlcient buildings 
once stood. As all the mould covering a 
field passes e,oery few years through the 

bodies of worms, the same small fragments 
will probably be swallowed and brought to 
the surface many times in the course of cen­
turies. It should be premised that ill tIle 
several following cases, the finer matter was 
first washed away from the castings, and 
then all tbe particles of brick@, tilcs and COIl­

crete were collected without any selection, and 
were afterwards examined. Now in the cast­
ings ejected between the tesser::e on one of the 
buried floors of the Roman villa at Abinger, 
there were many particles (from ! to 2 mill. 
ill diameter) of tiles and concrete. which it 
was impossible to look at with the naked eye 
or through a strong lells, and doubt for a 
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moment that they had almost all undergone 
much attrition. I speak thus after ha.ving 
examined small waler-worn pebbles, formed 
from Roman bricks, which "M. Ifenri de 
S:mssure had the kindness to scnd me, and 
which he hnd extracted from s.'l.nd a.nd g ravel 
beds, deposited on the shores of the Lake of 
Geneva, at a. former period when the water 
stood at about two metres above its present 
level. The smallest of these water-worn 
peLhles of brick from Geneva. resemhled 
closely many of those extracted from the 
gizzards of worms, but the larger oncs were 
somewbatsmoother. 

Four castings found on the recently un­
covered, tesselated floor of the great room in 
the Roman villa at Brading, cont..1.ined many 
particles of tile or brick, of mortar, and of 
lIard white ccment; and the IDl\jority of these 
appeared plainly worn. The particles of 
mortar, however, seemed to have sutTered 
more corrosion than attrition, for grains of 
silex often projected from their surfaces. 
Oastings from within the nave of Beaulien 
Abbey, which was destroyed by Henry V 111., 
were collected from a level expn.llsc of turf~ 
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o"erlying the buried tesselated pavement, 
through which worm·burrow8 passed; and 
these castings contained innumerable particles 
of tiles and bricks, of concrete and ctment, 
the majority of which had manifestly under­
gone some or much attrition. There were 
also many minute flakes of a micaceous slate, 
the points of which were rounded. Ifthe above 
snpposition, that in all these cases the same 
minute fragments have passed several times 
through the gizzards of worms, be rejected, 
notwithstanding its inherent probability, we 
roust then assume that in all tho above cases 
the many rounded fragments found in the 
ell.stings had all accident.."llly undergone much 
attrition before they were swallowed; and 
this is highly improbable. 

On the other band it must be stated that 
fragments of ornamental tiles, somewhat 
harder than common tiles or bricks, which 
had been swallowed only once by worms kept 
in confinement, were with the doubtful ex­
ception of one or two of the smallest grains, 
not at all rounded. Nevertheless some of 
them appeared a little worn, though not 
ronnded Notwithstanding these cases, if we 
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consider the evidence above given, there can 
be little doubt that the fragments, which serve 
as millstones in the gizzards of worms, suffer, 
when of a not very hard texture, some amount 
of attrition; and that the smaUer particles in 
the earth, which is habitually swallowed in 
811Ch astonishingly large quantities by wormR, 
are ground together and are thus leviga.ted. 
If this be the case, the" term tenuissima,"­
the "pate excessivement fine,"-of which the 
castings largely consist, is in part due to the 
mechanical action of the giu..1.rd ;. and this 
finematter,aswesball see in the next chapter, 
is that which is chiefly washed away from the 
inllumerable castings on every field during 
each heavy shower of rain. Hthe softer stones 
yield at all, the harder ones will suffer 
l!Ome slight amount of weal' and tear. 

'f he trituration of small particles of stolle 

• ThUiconclulionremindlmeorthe,·utamountofut,.mc], 
tillOlchaJ.k, mud which is found within the lagoons or many 
llOlJa,,,henltbe_istranqnilandwaveticannottrituratflthe 
blocklofoort.1. Thilmudmu,t, ... lbelieye('''heStructllreand 
I)iIt.Tibution of Coral·lIcefll,'2nd edit. 1874,p. 19), be nltribuH:u 
to tbe innumerable arlllelidll and otlu~r animal, Wllich butn)w 
ink'tb8deadooral,andtothefisbCl,llolotburian',&c.,wlllch 
bru~"on tulivingcc:nia. 
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in tIle gizzards OfWOflllS is of 1I10re import­

ance uudl!f a geological point of "iew than 
may at fir~t appear to be the caFe; f(lf Mr. 
SOThy has clearly shown that the orJinary 
means of disintegration, nnmeiy, funning 
water and the waves of the sen, nct with 
less and less power on fragments of rock the 
t-:maller they arc. "lIenee," as he remarks, 
"e\'en making no allowance for the extra 
"buoying up of vcry minute particles by a 
"CUlTent of water, depending on surface 
"cohesioll, the efii..'Cts of wearing on the form 
"of the rom,t vary directly as their 

If so, agrain-(oJ 
"of an inch in diameter would be worn tell 
"times as milch as one T~ () of an inch ill 
"diameter,and at ic:lst a hUllllred times as 
"much as one T1)1iilJ" of an inch ill diameter. 
"Perh;'I>S, theil, we may cO'lciuuc that a 
.; grain l~ of an inch in diameter would be 
"wOl'n as mnch or more in driftinp; a mile as 

"a grain TU\loJ of an inch in beillg drift~l 
., 100 miles. On the same prillciple a pebble 

"OllC ineh in diameter would be worn re' 
•. lati"ely more hy being drifted only a fc\\ 
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,. hundred yards." - Nor shou ld we forget, in 
COD!'!idering the power which worms exert in 
triturating particles of rock, that there is good 
evidence that on each acre of land, which is 

sufficiently damp and not too sandy, gravelly 
or rocky for worms to inhabit, a weight of 

more than ten tons of earth anmmlly passes 
through their bodies and is brought to the 
~urf.'\ce. The result fo r a country of the size 
of Great Britain, within a period not very 
IOllg in a. geological sense, such as a million 
years, cannot be insignificant; for the ten tons 
of earth has to be multiplied fir~t by the above 
number of years, and then by the number of 
llcres fully stocked with worms; and in 
England, together with Scotland, the land 
which is cultivated and is well fitted for these 
animals, has been estimated at above 32 

million acres. The product is 320 million 
million tons of earth . 

• AIlDivtl'lary Addrea: 'The Quarterly Journal of the 
G«IJQf;ieo.l~:Mnyl880,Jl. ;)9. 
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CHAPTER VI. 

THE DENUDATION OF "118 LAND-continued. 

Denndation .ided by Te(lImtiy ejected CU~iDg.t Bo .... ;nl do.D 
inclined grallll-OOvered lurfacell-'fhe.monntorelll'th .... loich 
IoDDnl.U,. Bowl downv.·.rd_The effect of tropical mn on 
wonnCQtinga-The finest Pflrliclel oCnnbwaabedcotn· 
pletely.wayfromClVJlingll-'l'!ledisint.cgrationofdriec.!ca,,\­
i.intopelleu".nd theirrollingdowniuc\in('(!lJUrfaoe,t,­
Therorm.tiOlloflittieledgeioDhiH.siJtII,inPflrtdueto'~ 
II(lCnmnl&lion of disintegrated castiug.-CIt.8tlng.t blown to 
lee ..... rdo .. erlll\·el laud-An .ttemptto eslimlt.etbeamou.ht 
thus bll)wn-'I'hc degnWAlion of ancient encaml'lUeIltllnd 
tumuli-Thcl're&erVitionoftbecrown •• ndfurro .... onland 

::~~~ c~~~gr:~~:~ formation I.nd amount of 1IlOII~ 

,V E are now prepared to cOllsider the more 
direct part which worms take in the denuda· 
tion of the land. When reSecting on !:iulJ.. 

aerial denudation, it formerly appeared to 
me, as it has to others: that a nearly le"elor 
"cry gently inclined surface, covered with 
turf, could suffer no loss during e,'en a long 
lapse of time. It may, however, be urged 
that at long intervals, debacles of raill or 

Darwin Online: By permission of the Trustees of the Natural 
Hl s to ryMuse~(!-9..oQQn) 



CII~" yf. 203 

water-spouts would remove all the mould 
from a very gentle slope; but when ex· 
amining the steep, turr-covered slopes ill 
G1~n Roy, I was struck with the fact how 
rarely any such event could have happened 
since the Glacial period, as was plain from the 
well-preserved state of the three successh'e 
"roads" or lake-margins. But the difficulty 
in believing that earth in any appreciable 
quantity can be removed from a gently in­
clined surfc'\ce, covered with vegetation and 
matted with roots, is removed through the 
agency of. worms, For the many castings 
which are thrown up during rain, and those 
thrown up some little time before heavy rain, 
flow for a short distance down an inclined 
surface. Moreover much of the finest levi­
gated earth is washed completely away from 
the castings. During dry weather castings 
often disintegrate into small rounded pellets, 
and these from their weight often roll down 
any slope. This is more especially apt to 
occur when they are st.'uted by the wind, 
and prob.'\bly when started by the touch of aJl 
animal, however ~mall. We shall also see 
that a strong wind blows all the castings, 
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c\"cn on a level field, to leeward, whilst they 
are soft; and in like manner the pellets 
when they are dry. If the wind hlows ill 
ne..'lrly the diroction of an inclined surface, 
the flowing down of the ca.stin~ is much 
aided. 

The observations on which these several 
litatementa are founded must now be given in 
ROmedetail. Castings when first ejected are 
,·iscid and soft; during rain, at wbich time 
worms apparently prefer to eject them, they 
are still softer; so that I have sometimes 
thought that worms must swallow much 
water at such times. However this may 
be, rain, even when not very heavy, if 
long continued, renders recently-ejected 
castings semi·fluid; and on level ground 
they then spread out into thill, circular, flat 
discs, exactly as would so much halley or 
"ery soft mortar, with all traces of their 
vermiform structure lost. This latter fact 
was sometimes made evident, when a worm 
had subsequently bored tbrough a flat circular 
disc of this kind, and heaped up a fresh 
vermiform mass in the centre. These llat 
subsided diBCS have been repeatedly seen hy 
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me after hea,·y min, in many placcs on land 
ufnllkinds. 

O/~ tlte flowill,ll of u:el and lite 

rolling of dry disi7llegraJed duwn 

iliClined 8U1faces.-When castings are ejected 
on an inclined surface during or shortly 
Lefore helwy rain, tLey cannot fi,il to flow a 
little down tIle slope. '1'lmB,oll somchteep 
ijlopcs in Knola Park, which were covered 
with coarse graM and had apparently existed 
in this state from time immemorial, I found 
(Oct. 22, 1872) after Revend wet days that 
almost all the many castings were COll­

liiderablyelongated in the line of' the slope; 
and that they now consisted of smooth, ouly 
sliglltly collical masses. Whenever the 
mouths of the burrows could be found frotH 
which the earth had been ejected, there was 
more earth below than above them. After 
liome heavy stonllS of rain (Jan. 25, 1872) 
two rather steeply inclined fields ncar DoWII, 
which had fonnerl.,· Ueen ploughed and were 
now rather spltl"::'-Cly clothed with poor grasSi, 
were visited, and many castings extended 
down the slopes for a length of 5 inches, 
which was twice or thrice the usual diameter 
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or the castings thrown up on the level parts 
of these same fields. On some fine gm.."-", 
Rlopes in ITolwood Park, inclined at allgl~s 

between 8° and 11° 30' with the horizon, 
where the surface apparently had never been 
disturbed by the hand of man, castings 
abounded in extraordinary numbers: and f\ 

space 16 inchCIJ in length transversely to the 
slope and 6 inches in the line of the slope, 
was completely coated. between the blades of 
grass, with a uniform sheet of confluent and 
8ubsided castings. nere also in mally places 
the castings had flowed down the slope, and 
HOW formed smooth narrow patches of earth, 
6,7, and 7! inches in length . Some of these 
consisted of two castings, one above the other, 
which had become so completely confluent 
that they could bardly be distinguished. On 
my lawn, clothed with very fine grass, most 
of the castings are black, but some are 
yellowish from earth having been brought 

up from a greater depth than usual, and the 
flowing-down of these yellow castings after 
heavy rain, could be clearly seen where the 
fllopew3s 5.) ; and where it was less than 1° 

some evidence of their flowing down could 
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"till be detected. On allotberoccasion, after 
rain which wa.~ never heavy, but which lasted 
for 18 hOUTS, all the castings on this same 
gently inclined lawn had lost their vermiform 
~tructure; and they had flowed, so that fully 
two-thirds of the ejected eartll lay below the 
mouths of the burrows. 

These obsen-ations led me t.o make others 
with more care. Eight castings were found on 
my lawn, where the grass-blades are fine and 
closetogetllcr, and three others on a. field with 
coorsegrass. The inclination of thcslU'faceat 
the eleven places where these ca.stings were 
collected varied between 4° 30' and 17° 30'; 
the mean of the eleven inclinations being 
9° 26'. The length of the castings in the 
direction of the slope was first measured with 
as much accuracy as their irregularities would 
pennit. It was found possible to make these 
measurcrncn~ within about i of an inch, but 
one of the castings was too irregular to admit 
of meaS\lrement. '!'Le average length ill the 
direction of the slope of the remaining ten 
castings was 2-03 inches. The castings were 
then divided with a knife into two parts along 
a horizontal line passing through the mouth 
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of the burrow, which was discovered by slicing 
ofr the turf; and all the ejected earth was 
separately collected, namely, the part abo'·e 
the hole and the part below. Afterwards 
these two parts were weighed . In every 
case there was much more carth below than 
n.bo,·e; the mean weight of that above being 
103 grains, and of that below 205 grains; t() 

that the latter was "cry nearly double the 
former. As on le"el ground castings are 
comruonly thrown up alrnost equally round 
the mouths of the burrows, this difference in 
weight indicates the amount of ejected earth 
which had flowed down the slope. But vcry 
lUany moro observations would be requisite 
to arrive at ally general rosult; for the 
natur~ of the vegetation and other accidental 
circumstances, such as the heaviness of Ihe 
rain, the direction and force of the wind, &c., 
appear to be more important in determining 

the quantity of the earth which flows down a 
slopetlmn its angle. 'i'hus with four C3stillhrs 
on my lawn (included in the above eleven) 
where the mean slope was 7° 19', the difference 
in the amount of earth above and below the 
burrows was greater than with three other 
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ewtings on the &'Lme lawn where tbe mean 
slopewns 12°5', 

We mny, however, take tho aoo\'c eleven 
ca~, which are accurate as far as they go, 
and calculate the weight of the ejected earth 
Wllich annually flows down a slope having a 
mcn.n inclination of 9° ::!W. This was done 
by my son George. It 11as been shown 
that almost exactly two-thirds of the ejected 
earth i-lJ found below the mouth of the 
burrow aud one~third above it. Now if the 
two-thirds which is below the hole be divided 
into two equal the upper half of this 
two-thirds counterbalancca tho one-
third which is the hole, so that as far 
as regards the one·thild above and the upper 
half of the two-thirds below, there is no flow 
of earth down the hill-side. The cnrth con­
tltituting the lower half of the two-thirds is, 
howe\'er, displaced through distances which 
are different for every part of it, but which 
limy be represented by the disiallco between 
the middle point of the lower half of the 
two-thirds and the hole. Eo that the average 
di!<tance of displacement is a half of tlle 
whole length of the worm-casting. Now the 
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average length of ten out of tlle above cIe\'en 
<:astings was 2'03 inches, and half of this we 
may t..'\ke as being 1 inch, It may therefore 
be concluded that one-thircl of the whole 
earth brought to the surface was in these 
cases carried clown the slope through 1 inch,· 

It was shown in the third chapter that on 
Leith Dill Common, dry earth weighing at 
least 7'453 lbs. was brought up by worms to 
the surface on a square yard in the course of 
a year. If a square yard be drawn on a 
bill-sid~ with two of its !:lides horizont..'\I, then 
it is clear that only "3\ part of the earth 
brotlght up all that square yard would be 
neal' enough to its lower side to cross it, 
supposing the displacement of the earth to 
be through one inch. But it appears that 
only t of the carth brought tip can 00 con­
sidered to now downwards; hence -s- of ri or 
rOT of 7'453 Ibs, will cross the lower side of 
our !;quare yard in a year. Now T~. of 
7'4531bs. is 1'1 oz. Therefore 1' 1 Qj'.. of dry 
earth wil! annually cross each linear yard I"UIl-

• MrJ!\mesWallaoebas pointed out that it jlne<:eI!Mfyto 
take into con.llidcration thcpoll8ibility of bU\'1'O." ... bein~.m:k!e.at 

~\::~::e::1 ~:p;:~:nj:l~~c ~i~:~~~c;'~lkd~Il:;~~bl 
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ning horizontally along a slope having the 
above inclination; or vcry nearly 7 lbs. will 
anllually cross a horizont;li line, 100 yards in 
length, on a hilJ~side having this inclination. 

A more accurate, though still very rough. 
calculation can be made of the bulk of earth, 
which in its natural damp state annually 
Hows down the same slope over a yard-line 
drawn horizontally across it. From the 
several cases given in the third chapter, it 
is known that the castings annually brought 
to the surface on a square yard, if uniformly 
spread out would form a layer '2 of an inch 
in thickness: it therefore follows by a 
calculation similar to the one already given, 
that! of '2 x 36, or 2'4 cubic inches of damp 
Cl\rth wi ll alliluallycross a horizontal line one 
yard in length on a hill-side with the above 
inclination. This bulk of damp castings 
was found to weigh 1'85 oz. Therefore 
11·561bs. of damp earth, instead of 7 Ibs. of 
dry earth as by tbe former calculation, would 
annually cross A. line 100 yards in length on 
Our incl ined surface. 

In these calculatiolls it has been assumed 
that the castings flow a short distance down· 
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wards during the whole year, but this occurs 
only with those ejected during or shortly 
before rain; so that the abo"e results are 
tJlUS far exaggerated. On the otllcr hand, 
during rain much of the finest earth is 
washed to a considerable distance from the 
casting"!'!, even where the slope is an ex­
tremely gentJe one, alld is thus wholly lost 
as far us the above calculation.sare concerned. 
Castings ejected during dry we..'\ther and 
which have set hard, lose in the same 
manner a coDlliderable quantity of fine earth, 
Dried castings, moreover, are apt to disinte­
grate into little pellet.s, which often 1'011 01' 

are blown down any inclined surulcc. There­
fore the above result, namely, that 2'4 cubic 
inches of earth (weighing 1-85 oz. whil~t 

damp) annually crosses a yard-line of the 
specified kind, is probably not much if at all 
exaggerated. 

This amount is small; but we should beal 

in mind how many branching valleys inter· 
sect most countries, the whole length 01 
which must be very great; and that carth is 
steadily travelling down both turf-coyered 

sides of e..1ch "alley. For e\-ery 100 yards in 
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length in a. valley with sides sloping as in the 
foregoing ca~os, 480 cubic inches of damp 

earth, weighing above 23 pound~, will annu­
ally reach the bottom. Here a. thick bed of 
alluvium will accumulate, ready to be washed 

aWllyin the course of centuries, as the stream 
in tile middle meanders from side to side. 

If it could Le shown that worms generally 
excavate their burrows at right angles to 
an inclined surface, and this would be 
t.heir shortest. course for bringing up earth 
from beneath, theu as the old burrows col­
lapsed from the weight of the superincum­
bent soi l, the collapsing would inevit.'l.bly 
cause the whole bed of vegetable mould to 

sink or slide Fllowly down the inclined sur­
face. But to ascertain the dircction of many 
burrows was found too difficult and trouble­
some. A straight piece of wire wns, howe\'er, 
pushed into twenty-five burrows all several 
sloping field~, and in eight ca~es the burrows 
were nCl~rly at right angles to the slope; whil.:!t 
in the remaining cases they were indifferently 
directed atv81'iotls angles, either upwards 01' 

downwards with respect to the slope. 
In countries where tlle min is vcry heavy. 

DarwtnOnttne : By permission of the Trustees of the Natural 
History Museum (London) 



274 DENUDA1'10~ or' THE LAND CHAP, VI. 

as in the tropics, the castings appear, as 
migbt have been expected, to be washed 
down in a. greater degree than in England. 
Mr. Scott informs me that near Calcutta the 
tall columnar castings (previously desCl-ibed), 
the diameter of which is usually between 1 
and It inch, subside on a level surface, 
after heavy rain, into almost circular, thin, 
Bat discs, between 3 and 4 and sometimes 5 
inches in diameter. '1'brae frelSh castings, 
which had been ejected ill the Botanic 
Gardens "on a slightly inclined, grass­
"covered, artificial bank of loamy clay," were 
carefully measured, and had a mean height 
of 2' 17, and a mean diameter of 1'43 inches; 
these after heavy rain, formed elongated 
patches of earth, with a mean length in the 
direction of the slope of 5-83 inches. As the 
earth had spread very little up the slope, a 
large part, judging from the original diameter 
of these castings, roust hava flowed bodily 
downwards about 4 inches. Moreover SOIne 
of' the finest earth of which they were com­
posed must have been washed completely 
away to a still greater distance. In drier 
sites near Calcutta, a species of worm ejects 
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its castings, not in vermiform masses, but in 
little pellets of varying sizes: these are very 
numerous in some places, and Mr. Scott says 
that they "are washed a.way by every 
"shower." 

I was led to believe that a considerable 
quantity of fine earth is washed quite away 
from castings during rain, from the surfaces 
of old ones being often studded with coarse 
particles. Accordingly a little fine precipi­
tated chalk, moistened with saliva. or gum­
water, 80 as to be s1ightly viscid and of the 
same consistence as a fresh casting, was 
placed on the summits of st:lveral castings and 
gently mixed with them. These castings 
were then watered through a very fine rose, 
the drops from which were closer together 
than those of rain, but not nearly 80 large as 
thOl<ein a thunder-storm; nor did they strike 
the ground with nearly so much force as 
drops during heavy rain. A casting thus 
treated subsided with surprising slowness, 
owing as I suppose to its viscidity. It did 
not flow bodily down the grass-covered sur­
face of the lawn, which was here inclined at 
an angle of 16° 201 ; nevertheless many par-
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ticles of the chalk were found three inches 
below the casting. The experiment was re­
pented on three other castings on different 
parts of the bwn, which sloped at 20 30', 
:~o and 60

; and particles of chalk could be 
hCCU between 4. and 5 inches below the cast· 
ing; and after the surface bad become dry, 
particles were found in two cases at a distance 
of' 5 and G inchc8. Several other castings 
with precipi~'\ted chalk placed on their 
~mnmits were left to tho natuml action of 
the rain . In one case, after rain which Wall 

/Jot heavy, the casting was longitudinally 
Htreaked with white. In two other cases the 
!'ill I'face of the ground was rendered ~1l1C-­

what white for a dist-'mea of one inch from 
the casting; and wme soil oollectedata dis­
tance of 2~ inches, where the slope was 7", 
dl'er\'esced sli ghtly when placed in acid. 
After one or two weeks, the chalk wa.~ wholly 
or nlm~t wholly washed away from all the 
t.'astillgR on which it bad been placed, and 
these had reCO\"Cl'etl their natural colour. 

It may be here remarked that after very 
heavy rain shallow pools IUay be seen on level 
or nearly level fields, where the soil is not 
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,"ery porous, and the water in them is often 
lilightly muddy; when such little pools have 
dried, the leaves and blades of grass at their 
bottoms are generally coated with a thin layer 
of mud. This mud I believe is derived in 
large part from recently ejected castings. 

Dr. King informs me tbat the majority of 
the before described gigantic castings, which 
he found on a fully exposed, bare, gravelly 
knoll on the Nilgiri Mountains in India, had 
been more 01' less weathered by the previous 
north~ast monsoon; and most of them pre­
sented a subsided appearance. The worms 
here eject tbeir castings only during the rainy 
season; and at the time of Dr. King's visit no 
min had fallen for 110 days. He carefully 
examined the ground between the place 
wiu:re these Luge c.'\stings lay, and a little 
water-course at the base of the knoll, and 
nowhere was there any accumulation of fine 
earth, sucb as would necess.'\rily have been 
left by the disintegration of the castings if 
they had not been wholly removed. He 
thereforo has no hesitatioD in asserting that 
the whole of these huge castings are annually 
wt\I;hed. during the two monsoons (when 

u 
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about 100 inches of min fall) into the little 
water-course, and thence into tlle plains 
lying below at a depth of 3000 or 4000 feet. 

Castings ejected beforo or during dry 
weather become hard, sometimes surprisingly 
hard, from the particles of earth having beeD 
cemented together by the intestinal secre­
lions_ Frost seems to be less effective in 
thoir disintegration than might have been 
ex.pected. Nevertheless they readily tlil;in­
tegrate into small pelleta, after being alter­
nately moistened with rain and again dried. 
Those which have flowed during rain down a 
slope, disintegrate in the same manner, Such 
pellets often roll a little down any sloping 
t;urface; their descent being sometimes much 
aided by the wind. The whole bottom of a 
brood dry ditch in my grounds, where there 
were very few fresh castings, was completely 
covered with these pellets or disintegrated 
castings, which had rolled down the steep 
sides, inclined at an angle of 2~. 

Near Nice, in places where the great cyLin· 
drical castings, previously described, abound, 
the soil consists of very fine arenaceo-ca!· 
C:\rfOUS loam; and Dr. King informs me that 
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the;;(' castings are extremely liable to crumble 
during dry weather into small fragments, 
which arc 800n acted on by rain. and then 
sink down so as to be no longer distinguish. 
able from tho surrounding soil. TIe sent me 
a mass of such disintegrated castings, collected 
on the top of a bank, where llone could bave 
rolled down from above. They must have 
been ejected within the previous five or six 
month~ but they now consisted of more or less 
rounded fragments of all sizes, from i of an 
inch in diameter to minute groins and mere 
dust. Dr. King witnessed the crumbling 
proceaa whilst drying some perfect castings, 
which he afterwards sent me. Mr. Scott also 
remarks on the crumbling of the castings 
near Calcutta. and on the mountains of 
Sikkim during the hot and dry season. 

When the castings ne."\r Nice had been 
ejected on an inclined surfacc, the disinte­
grated fragments rolled downwards, without 
losing their distinctive shape; and in some 
piaces could "be collected in basketfuls." Dr. 
King observed a striking inst.'\.oce of this fact 
on the Corniche road, where a drain, about 
2~ foot wide and ~ inches deep, had been made 
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to catch the surface drainage from the adjoin. 
ing hill-sidc. The bottom of this drain was 
oovered for a distance of severnl hundred 
yards, to a depth of from I! to 3 inches, by a 
layer of broken castings, still retaining their 
characteristic shape. Nearly all these in­
numerable fragments had rolled down from 
above, for extremely few castings had been 
ejected in the drain itself. 'L'he hill-side was 
steep, but varied much in inclination, which 
Dr. King estimated at from 300 to 60° with 
the horizon. He climbed up the slope, and 
"found every here and there little embank­
II ments, formed by fragmen~ of the castings 
"that had been arrested in thoir downward 
"progress by irregularities of the surface, 
"by stones, twigs, &c. One little group of 
., plants of Anemone hortensM had acted in this 
"manner, and quite a small bank of soil had 
"collected round it. Much of this soil had 
"crumbled down, but a great deal of it still 
"retained the form of castings." Dr. King 
dug up this plant, and was struck with 
the thickness of the soil which must bave 
recently accumulated over the crown of the 
rbizoma, as shown by the length of the 
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bleached petioles, in comparison with thOiSt: 
of other plants of the same kind, where 
there had been no such accumulation. The 
enrth thus accumulated had no doubt boon 
~urcd (as I have everywhere seen) by the 
smaller roots of the plants. After describing 
Ihis and other analogous cascs, Dr. King con· 
dudes: "I can have no doubt that worm.!! 
"help greatly in tbe process of denudation." 

Uges of eart!, on steep ltill-sides.-Little 
hcrizontalledges, one above another, have been 
oh.en-ed on steep grassy slopes in many parts 
of the world. Tbeir formation has been 
attributed to animals travelling repeatedly 
along the slope in the 8<'l.me horizontal lines 
while grazing, and that they do thus move and 
U~ tbe ledges is certain; but Professor Dens-
1011 (a most careful observer) told Sir J. Hooker 
toot be was convinced that this was not the 
sole cause of their formation. Sir J. llooker 
83W such ledges on the Himalayan and Atlas 
rtllges, where there were no domesticated 
animals and not many wild ones; but these 
latter would, it is probable, use the ledges at. 
night while grazing like our domesticated 
animals. A friend observed for me the ledges 
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on the Alps of Switzerland, and states that 
they ran at 3 or 4 ft. oue alxwe the otber, 
and were about a. foot in breadth. They had 
been deeply pitted by the foot of grazing cows. 
Similar ledges were observed by the same 
friend on our Ohalk dOWDS, and on an old 
talus of chalk·fragments (thrown out of a 
quarry) which had become clothed with turf. 

My 80n Francis examined a Chalk escaI'J>' 
ment near Lewes; a.nd here on a part whim 
was very steep. sloping at 40Q with He 
horizon, a.bout 30 fiat ledges extended ho~i· 

zontal1y for more than 100 yards, atan averab'e 
distance of about 20 inches, one beneath t1e 
other. They were from n to 10 inches in 
breadth. 'When viewed from a. distanoo thlY 
presented a. striking appearance, owing to thor 
parallelism; but when examined closely, they 
were soon to be somewhat sinuous, and Ole 

often ran into another, giving the appearance 
of the lodge having forked into two. They 
are formed of lighkoloured c.'uth, which 01 

the outside, where thickest, was in ODe calC 

n inches, and in another case between 6 aw 
7 inches in thickness. Above the ledges, tre 
thicl..-ness of the earth over the chalk was iI. 
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the former case 4 and in the latter ollly 3 
inches. The grass grew moro vigorously on 
the outer edges of the ledges tban on any 
otber part of the slope, and here formed a 
tufted fringe. Their middle part was bare, but 
whether this had beenca.used by the trampling 
of sheep, which sometimes frequent the ledges, 
my son could not ascertain. Nor could he 
feel sure how much of tho earth on tho middle 
~nd bare part.s. consisted of disintegrated 
worm-castings which had rolled down from 
a.bove; but he felt convinced that SODlO had 
thu80riginatod; and it was manifest tbatthe 
ledges with their grass-fringed edges would 
arrest any small object rolling down from 
above. 

At ono end or side of the bank bearing 
these lodges, the surface collsisted in parts of 
bare chalk, and l)cre the ledges wero vory 
irregular. .At the other end of the balik, the 
slope suddenly became less steep, and here the 
ledgcsceased rather abruptly; but little em­
bankments only a foot or two in length were 
IItiUpresent. 'l'hesJopebecamesteepel'lower 
down the hill, and the regular ledges then re­
appeared. .Another of my SOllS observed, on 
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the inland fide of Beachy ITe.'\d, where the 
surface sloped at about 25°, many "hort little 
embankments like those just mentioned. 
They extended horizontally and were from a 
few inches to two or three feet in length. 
They supported tufts of gms.~ growing 
vigorously_ The average thickncss of the 
mould of which they were formed, taken 
from nine measurements, was 4-5 inches; 
willie that of the mould above and beneath 
them was all an a"eragc only 3-2 inche.~, and 
on each side, Oil the same level, 3-1 inches_ 
On the upper parts of the slope, these em­
bankments showed no signs of having been 
trampled on by sheep, but in the lower parts 
such signs were fairly plain_ No long con­
tinuous ledges had here been formed. 

If the little embankments above the Cor­
niche rood, which Dr. King saw in the act 
of formation by the accumulation of dis­
integrated and roIled wonn-castings, were to 
become confluent along hori7"(mtallincs, ledges 
would be formed. Each embankment would 

tend to extend laterally by the lateral extension 
of the arrested castings; and animals grazing on 
a steep slope would almost certainly make usc 
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of e"ery prominence at nearly the same lovel, 
and would indent the turf between them; and 
such intermediate indent<.ltions would again 
arrest the castings. An irregular ledge when 
once formed would also tend to become more 
regular and horizontal by some of the castings 
rolling laterally from the higher to the lower 
partd, which would thus be raised. Any pro­
jection beneath a ledge would not afterwards 
receive disintegrated matter from above, 
and would tend to be obliterated by rain and 
other atmospheric agencies. There is some 
analogy between the formation, as here sup­
posed, of these ledges, nnd that of the ripples 
of willd-drifted sand aa: described by Lyell.-

The steep, grass-covered sides of a 
mountainous valley in ·West.moreland, C<'l.lled 
Grisedale, was marked in many places with 
innumerable lines of miniatur~ cliffs, with 
almost horizontal, little ledges at their bases. 
Their formation was in noway connected with 
the action of worms, for cru;tings could not 
anywhere be seen (and their absence is an 
inexplicable fact), although the turf Jay in 
many plares over a considerable thickness of 

• 'EI~weDtlOrGeotoc: lSGS,p.. 20. 
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boulder~la.y and moraine rubbish . Nor, as 
far as I could judge, was the formation of 
these little cliffs a.t all closely councctcdwith 
the trampling of cows or sheep. It appeared 
as if the whole superficial, somew}mt argil­
laceous earth, while partially held wgethcr 
by the roots of tbe grasses, had slided a Ii ttle 
way down the mountain sides; and in thus 
sliding, had yielded and cracked in hori7.ontal 
lines, transversely w the slope. 

CMtings blown to leeward by tIle wind.-We 
have seen that moist castings flow, and that 
disintegrated castings roll down a.ny inclined 
surface; and we shall now see that castings, 
recently ejected on level grass-covered 
surfa.ces, are blown during gales of wind ac­
companied by rain to leeward. 'l'bis has been 
observed by me many times on ma.ny fields 
during several succcElSive years. After such 
gales, the castings present a gently inclined 
and smooth, or sometimes furrowed, surface 
to windward, while they are steeply inclined 
or precipitous to leeward, so tba.t they resem­
ble on a miniature scale glacier-ground hillocks 
of rock. 'l'hey are often cavernous 011 tile 
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leeward side, from the upper part having 
curled over the lower part. During one un­
usually heavy south-west gale with torrents 
of min, many castings were wholly blown to 
leeward, so that the mouths of the burrows 
wero loft naked and exposed on the windward 
Hide. Recent castings naturally flow down 
an inclined surface, but on a grassy field, 
which sloped between 10° and 16°, several 
were found after a heavy gale blown up the 
slope. '1'bis likewise occurred on another 
occaaion on a part of my lawn where the 
slo[)C was somewhat less . Onathirdoccasion, 
the castings on the steep, grass-covered sides 
of a valley, down which a gale had blown, 
were directed obliquely instead of straight 
down the slope; and this was obviously due 
10 the combined action of the wind and 
gravity. Four castings on my lawn, where 
the downward inclination was 0° 46', 1°, 3° and 
3' 30' (mean 2° 45') towardstheuorth-cast, 
after a heavy south-west. gale with rain, were 
divided across the mouths of the burrows and 
weighed in the manner fonnerly described. 
The mean weight of the earth below the 
mouths of burrows and to leeward, was to that 
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above the mouths and on the windward Bide 
as 2t to 1 ; whereas we have seen that with 
several castings which had flowed down I:!lopes 
having a mean inclination of 9° 26', and with 
three castings where the inclination was 
above 12°, the proportional weight of the 
earth below t.o that above the burrows was 
as only 2 to 1. These several cases show bow 
efficiently gales of wind accompanied by rain 
act in displacing recently-ejected c3l:itinga. 
We may therefore conclude that even a 
moderately strong wind will produce some 
slight effect on them. 

Dry and indurated castings, after their dis­
integration into small fragments or pellets, are 
sometimes, probably often, blown by a strong 
wind to leeward. This was observed on four 
occasions, but I did not sufficiently attend to 
this point. One old casting on a gently slop­
ing bank was blown quite away by a jl;trong 
south-west wind. Dr. King believes that 

the wind removes .the gran ter part of the 
old crumbling castings ncar Nice. Several 
old castings on my lawn were marked with 
pins and protected from any di!Sturbance. 
They were examined after an interval of 10 
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weeks, during which time the weather had 
been alternately dry and rainy. Some, which 
were of a yellowish colour had been washed 
almo:;t completely away, as could be seen 
by tIle colour of the surrounding ground. 
Others had completely disappeared, and these 
no doubt had been blown away. Lastly, 
others still remained and would long remain, 
as blades of grass had grown through them. 
On poor pasture land, which has never been 
rolled and has not been much trampled on 
by animals, the whole surface is eometUnes 
dotted with little pimples, through and on 
which grass grows; and these pimples con­
~i8tofold worm-castings. 

In all the many observed cases of soft cast­
ingsblown to leeward, this had been effected 
by strong winds accompanied by rain . As 
such winds in England generally blow from 
the south and south-west, earth must on the 
whole tend to travel over our fields in a 
north and north-east direction. This fact is 
interesting. because it might be thought that 
none cou ld be removed from a. lovel, grass­
oovered surface by any means. In thick and 
level woods, protected from the wind, castings 
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will never be removed ru; long as the wood 
lasia; and mould will here tend to accumulate 
to the depth at which worma can work. I 
tried to procure evideuce as to how much 
mould is blown, whilst in the st..1te of cast­
ings, by our wet southern gales to the north­

east, over open a.nd flat land, by looking to 
the level of the surface on opposite aides of 
old trees and hedge-rows; but I failed owing 
to the unequal growth of the rooia of trees 
and to most pasture-land having been formerly 
ploughed. 

On an open plain near Stonehenge, there 
exist shallow circular trenches, with 1\ low 
embankment outside, surrounding level spaces 
.30 yards in diameter. 'l'hese rings appear 
\"ery ..1ncient, and are believed to be contem­
poraneous with the Druidical stones. Castings 
ejected within these circular spaGe@, if blown 
to the north-east by south-west winds would 
form a. layer of mould within the trench, 
thicker on the north-eastern than on any other 
~jde. But the site was not favourable for the 
action of worms, for the mould over the 
Aurrounding Chalk formation with flints, was 
only 3'37 inches in thickness, from a mean of 
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liixokiervations made ataditltanceof 10 yards 
Qutside the embankment. The thickness of 
the mould within two of the circular trenches 
was measured every 5 yards all round, 011 the 
inncrsides near the bottom. My son IIorace 
protracted these measurements on paper; and 

though the curved line representing tbe thick-
1ltl.'>3 of the mould was extremely irregular, yet 

illooth diagrams itcouldbeB6CD to be thicker 
on the north-eastern side than elsewhere. 
When a mean of all tbe meaaurernents in both 
the trenches was laid down and tho line 
~moothed, it was obvious that the mould was 
thickest in the quarter of the circle between 
north-west and north-east; and thinnest ill 
the quarter between south-east and south­
Wt!.bt, especially at this latter point. Besides 
the foregoing meaauremenls, six others wen: 
tahn ncar together in one of the circular 
trenches, on the north-east side; 3Jld the 
mould here had a mean thickness of 2'29 

while the mean of six otber measure­
on the south-west side was only l'4li 

iuches. 'l'heoe observations indicate that the 
castings had been blown by the south-wcl:it 
wiudli from tLe circular enclosed space illlo 
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the trench on the north-e~~ side; hut many 
more measurements in other an~logous cases 
would be requisite fora trllstworthyrcsult. 

The amount of fine earth brought to the 
surface under the form of castings, and after. 
wards transported by the winds accompanied 
by rain, or that which flows and rolls down 
an inclined surface, no doubt is small in the 
course of a few scores of years j for otherwise 
all the inequalities in our pasture fields would 
be smoothed within a much shorter pcriod 
than appears to be the Ct'lse. But the amOllnt 
which is thus transported in the COllr8(l of 
thousands of years Ct'lnnot fai l to be consider· 
able and deserves attention. E. de Beaumont 
looks at the vegetable mould which c\'cry' 
where covers the land as a fixed line, 
from which the amount of denudation may 
be measured.- ne ignores the contiuued 
formation of fresh mould by the disintegra. 
tion of the underlying rocks and fragments of 
rock; and it is curious to find how much 
more philosophical were the views, main· 

· '~IU de Geologie I'ratiqul!, 1845; einqui~mt'Lt ... ' 
All EHe dB ileal1OlBot'a .rgumeot8 Ill'(! a.dmira.bly ooutroverl(d 
by \'toI'. A. ~i)de in hi' _y ill TraIlACI. Geolog. Soc. 01 
OIUiOW, vol. iii. p. 153, lB68. 
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tailled long ago, by Playfair, who, in 1802, 
wrote, U In the permanence of a coa.t of 
·'\·egc1..,blemould on the surface of the earth, 
.• we have a demonstrative proof of the eon­
"tinued destruction of the rocks.". 

A1U:icnt encampments and tumuli.- 8. de 
Beaumont adduces the present state of many 
ancient encampments and tumuli and of old 
plou~hed fields, as evidence that the surface 
of the land undergoes hardly any dcgradation. 
But it does not appear that he e\"cr examined 
the thickness of the mould over different 
parla of such old remains. lIe relics chiefly 
on iudirect, but a.pparently trustworthy, evi­
dence that th e slopes of the old embankments 
are the same as they originally were j and it 
is obviolls that be could know nothing about 
their original heights. In Knole Park a 
mound had been thrown up behind the rifle­
targets, which appeared to have been formed 
of earth originally supported by square blocks 
of turf. 'l'he sides sloped, as nearly as I could 
estimate them, at an angle of 45° or 50° with 
theilorizoll,and they were c()vel'ed,e!lpecially 
on the north em side, with loug coarse grass, 

• 'lUutttali"aaoftheHuttoni&nTb,eo:.ryoftheF..atth,'r. 10 i . 

X 2 
Darwin Online: BYHjs~~S~~~e~~t~~o~d~~)es of the Natural 



294 DENUDATION OF TilE LAND. CHU. n 

beneath which many worm-castings were 
found. These had flowed bodily downwards, 
and others had rolled down as pellets. Hence 
it is cert.'l.in that as long as a mound of this 
kind is tenanted by worms, its height will be 
continually lowered, '11he fine earth which 
flows or rolls down the sides of SllCh a mound 
accumulates at its base in the fonn of a t.'l.lllil. 
A bed, even avery thin bed,of fine earth is 
eminently favourable for worms; so that a 
greater number of castings would tend to be 
ejected on a talus thus formed than elsewhere; 
and these would be partially washed away by 
every heavy shower and be spread over the 
adjoining level ground. 'rhe final result 
would be the lowering of the wbole mound, 
whilst the inclination of the sides would not 
be greatly iessencd, '1'he same rc!;ult would 
assuredly follow with ancient embankmcnL; 

and tumuli; except where they had been 
formed of gravel or ofnearl;y pure sand, as such 
matter is unfavourable for worms. Many old 
fOl'tifica.tionsaud tumuli are believed to be at 
least 2000 years old; and we should bear ill 
mimI that in many places about one inch of 

mould is brought to the surf..'l.cc in 5 years or 
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two inches in 10 years. Therefore in so long 
a period as 2000 years, a large amount of 
earth will have been repeatedly brought to 
the surface ou most old emhankments and 
tl1IDuli, especially on the talus round their 
bases, and much of this earth will have been 
washed completely away. We may therefore 
conclude that all ancient mounds, when not 
formed of materials unfavourable to worms, 
will have been somewhat lowered in the 
course of centuries, although their inclina· 
tions may not bave been greatly changed. 

Fields formerly pkmglled.-From a very 
remote period and in many countries, land 
bas been ploughed, so that convex bedF:, 
called crowns or ridges, usually about 8 feet 
across and separated by furrows, have been 
thrown up. The furrows are directed so as 
to carry otT the surface water. Tn my 
attempffi to ascertain how long a time these 
crowns and furrows last, when ploughed hmd 
has been converted into pasture, obstacles of 
many kinds were encountered. It is rarely 
known when a field was last ploughed; and 
80me fields which were thought to have been 
in pasture from time immemorial were after· 
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wards discovered to have becn ploughed onl\" 
50 or (i0 years before. During the earl~' 
part of the present century, whcn the pri~ 
of corn was very high, land of aU kinds seems 
to have been ploughed in Britain. There is, 
however, no reasou to doubt that in many 
cases tho old crowns and furrows have Leen 
preserved from avery ancient period.- That 
they should have been preserved for very 
unequal lengths of time would naturalh' 
follow from the crowns, when fi rst throw;l 
up, having differed much in height in dif­
ferent districts, as is now the ca.re with 
recently ploughed land. 

In old pasture fiehls, the mould, wherever 
measurements were made, was found to be 
from! to 2 inches thicker in tho furrows than 

· Mr.E.TylotiDhilPre.idenlialaJd~('JourD.lloitht 

Anthropological In.ltitul.6: May 188O,]J. 461) Tt!maril: "'t 
'Pllelua from &enral r-penoe the Berlin Socittyu tolhe 
(i ~rm.n 'hi~h- fi~ldII' or 'bee.th~n-8.ellb' (Uochlkhr, .1,1 
Ueideniieker)thattbeYOOlTe8pondllluchinthtlrlituatiouonbilll 
lind WILl!t.elwith the 'elf-furrows' of SootlaaJ, whieb popular 
mythologyaooount.ll for by the alOryofthe Iich1e having been 
plltundcr. l'nplilintcrdict,ootbatpoopletooktocultivatiull 
thehiU .. 1'herelJOOmBre81!OIlIOIUp)lOlethRt,Hkethetilit'l! 
plo~ in tbtl Swed~b forest3v;bieb trtlditionucrilldhltbeu!.l 
·backe .... 'tbeGornlanbca.then.8.cld. rellratuttill.go by.o 
anelent.nuwt.ricpopnlalion." 
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on the crowns; but this wonld naturally 
follow from tile finer earth baving been 
waflhed from the crowns into the furrows 

before the land was well clothed with turf; 
and it is impossible to tell what part worms 
may have pla.yed in the work. Nevertheless 
from what we have seen, castings would 
certainly tend to flow and to be washed during 
heavy min from the crOWDS into the furrows. 
But ru soon as 3. bed of fine earth had by any 
means Leen accmllulated in the furrows, it 
'II.'ould be more £.wonrable for worms than the 
other I).'\rts, and a. greater number of castjngs 
would be thrown up here than elsewhere; and 

ns the furrows on sloping land are usually 
direcwd so as to cnrryoff the surface water, 
some of the finest earth would be washed 
from Ole castings which had been here eject.ed 
and ba carried completely away. The result 
would be that the furrows would be filled 
up very slowly, while the crowlls would be 
lowered perhaps still more slowly by the 
flowi:lg and rolling of the castings down 
their gentle inclinations into the furrows. 

Nevertheless it might be expected that old 
furrows, especially those on a sloping surface, 
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would in the course of time be fined IIp and 
disappear. Some careful observers, however, 
who examined tielde foT' me in Gloucestersbire 
and Staffordshire, could not detect nny (Iif· 
ference in the et.ate of the furrows in t1m 
upper and lower parts of sloping lieldR, sup­
posed to bave been long in pasture j and they 
came to the conclusion that the crOWni! and 
furrows would last for an almost endless 
number of centuries. On the other hal):1 the 
process of obliteration seems to have com­

menced in some places. Thus in a grass 
field in North Wales, known to have been 
ploughed about 65 years ago, which slo?Cd at 
an angle of H;o to the north-tlnst, the depth 
of the furrows (only 7 feet apart) was care­
fully measured, and was found to be about 4. inches in the upper part of the slope. and 
only 1 inch near tbe base, where they could 
be traced with difficulty. On another field 

sloping at about the same angle to the south­
west, the furrows were scarcely perceptible 
in the lower part; although these aamo 
furrows when followed on to some adjoining 
level ground were from 2! to 3. inches in 
depth. A third and closely similar case was 
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oixoerved. In 3. fourth case, the mould in a 

furrow in the upper part of a sloping field 
was 2-1 inch~, and in the lower part 4-1 
inches in thickness. 

On the Chalk Downs at about a mile dis­
tance from Stonehenge, my son William ex­
amined a grass-covered, furrowed surface, 
sloping at from 8° to 10°, which a.n old shep­
herd said had not been ploughed within the 
memory of man. 'I.'he depth of one furrow 

was measured at 16 points in a length of tiS 
p.'l.ces, and was found to be deeper where the 
slope was greatest and where less e .... l.rth would 
naturally tend to accumulate, and at the 
base it almost dis..'lppeared. The thickness of 
the mould in this furrow in the upper part 
was 2-1 inches, which increased to G inches a 
little above the steepest part of the slope; nnd 
at the base, in the middle of the narrow 
valley, at a point which the furrow if con­
tinued would have struck, it amounted to 7 
inches. On tbe opposite side of the valley, 
there were very faint, almost obliterated, 
traces of furrows. Another analogous but 
not 80 decided a case was observed at a f\:Jw 

miles' distance from Stonehenge. On the 
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whole it appcar$ that the crowns and fur­
rows on land formerly ploughed, but now 
covered with grass, tend slowly to disappear 
when the surface is inclined; and this is pro­
bably in large part due to the action of 
WormSj but that the crowns and furrows last 
for a very long time when the surface is 
nearly level. 

Formation and amount of f')wu.ld over tIlt 
Chalk Formation.-Worm-castings are orten 
ejected in extraordinary numbers on steep, 
grass-covered slopes, where the Chalk comes 
close to the surface, as my son William 
observed near Winchester and elsewhere. If 
such castings are largely washed away during 
heavy rains, it is difficult to understand at 
first how any mould can still remain on our 
Downs, as there docs Dot appear any evident 
means for supplying the loss. There is,more­
over, another cause of loss, namely, in the per­
colation of the finer particles of earth into the 
fissures in the chalk and into the chalk itself. 
These considerations led me to doubt for a time 
whether IlIad not exaggerated the amount 
of fine earth which flows or rollli down grass­
covered slopcs under the form of castings j and 
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I wught for additional information. In BOme 
places, the . castings on Chalk Downs consist 
largely of calcareous matter, and here the 
supply is of course unlimited. But in other 
places, for instance on a part of Teg Down 
ncar 'Vinchesler, the castings were all black 
and did not cflervesce with acids. The mould 
over the chalk was here only from 3 to 4 
inches in thickness. So again on the plain 
Ilear Stonehenge, the mould, apparently free 
from calcareous matter, averaged rather less 
than 3! inches in thickncss. 'Why worms 
should penetrate and bring up chalk in BOrne 
places and not ill others I do not know. 

In many districts where the land is nearly 
level, a bed several feet in thickness of red 
clay full of Ullworn flints overlies the Upper 
Cbalk. This overlying matter, the surface 
of whicb has been converted into mould, con­
sists of the undissolved residue from the chalk. 
It may be well here to recall the case of the 
fragments of chalk buried beneath worm­
castings on one of my fields, the angles of 
which were so completely rounded in the 
course of 29 years that the fragments now 
tesl.Jmbled water-worn pebbles. This must 
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bave been effected by the carbonic acid in 
the rain and in the ground, by the humus­
acids, and by the corroding powcr of living 
roots. Why a thick mass of residue has not 
been left on the Chalk, wherever the land is 
nearly level, may perhaps be accounted for 
by the percolation of the fine particles info 
the fissures, which are often present in the 
chalk and are eitber open or are fined up 
witb impure chalk, or into the solid chalk 
itself. That such percolation occurs can 
hardly be doubted. My son collected some 
powdered and fragmentary chalk beneath the 
turf near Winchester; the former was found 
by Colonel Parsons, R.E., to contain 10 per 
cent., and the fragments 8 per cent. of earthy 
matter. On the flanks of tht: escarpment near 
Abinger in Surrey, some chalk close beneath 
a layer of flints, 2 inches in thickness and 
covered by 8 inches of mould, yielded a re­

sidue of 3'7 per cent. of earthy matter. On 
the ot11er hand tbe Upper Chalk properly 
contains, as I was informed by the late David 
Forbes who had made many analyses, only 
from 1 to 2 per cent. of eartllY matter; and 
two samples from pits neltr my house COIl-
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tained 1·3 and 0·6 per cent. I mention these 
latter cases because, from the thickness of the 
overlying bed of red clay with flints, I had 
inL.'l.gined that the underlying chalk might 
here be less pure than elsewhere. The cause 
of the residue accumulating more in some 
places than in others, may be attributed to a 
layer of argillaceous matter having been left 
at an early period on the chalk, and this 
would check the subsequent percolation of 
earthy matter into it. 

From the facts now given we ma.y conclude 
that castings ejected on our Chalk Downs suffer 
some loss by the percolation of their finer 
matter into the chalk. But such impure 
superficial chalk, when dissolved, would leave 
a larger supply of earthy matter to be 
added to the mould than in the case of pure 
chalk. Besides the loss caused by per(;ola~ 

tiOD, some fine earth is certainly washed 
down the sloping grass-eovered surfaces of 
OUf Downs. '1'he washing~owll process, how­
ever, will be checked in the course of time; 
for although I do not know how thin a. layer 
of mould suffices to support worms, yeta limit 
mu~t at last be reached; and then their <:3st· 
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ings would cease to be ejected or would 
becomescrmty. 

The following cases show that a consider­
able quantity of fine earth is wa~het.l down. 
'1'he thickness of the mould was measured at 
points 12 yards apart across a small valley 
in the Chalk near Winchester. Tho sides 
sloped gently at first; then became inclined 
at about 20°; then more gently to near the 
bottom, which transversely was almost level 
and about 50 yards across. In the bottom, 
the mean thickne...«s of the mould from five 
measurements was 8'3 inches; whilst on the 
sides of the valley, where tho inclination 
varied between 14° and 20°, it.oJ mean thick­
Dess was rather less than 3'5 inches. As the 
turf-covered bottom of the valley sloped at au 
angle of only between 2() and 3°, it is prob.'l.ble 
that most of the 9'S-inch layer of mould had 
been washed down from the flanks of the 
valley, and not from the upper p..'lrt. Bilt a~ 
a shepherd said that he had seen water flow­
ing in this valley after the sudden thawing of 
snow, it is possible that some earth may haw 
been brought down from the upper part; or, 
on the other hand, that some may bave been 

Darwin Online: By permission of the Trustees of the Natural 
History Museum (London) 



Dur. VI. MOULD OVER THE CHALK. 305 

carried further down the valley. Closely 
similar results, with respect to "the thickness of 
the mould, were oht..'\ined in a neighbouring 
valley. 

St. Uatherine's nill, near Winchester, is 
327 feet in height, and consista of a steep 
cone of chalk about i- of a mile in diameter. 
The upper part was converted by the Romans, 
or, as some think, by the ancient Britons, into 
an encampment, by the excavation of a deep 
and broad ditch all round it. )Iost of the 
chalk removed during the work was thrown 
upwards, by which a projecting bank was 
fonned i and this effectually prevents worm­
castings (which are numerous in parts), stones, 
and other objects from being washed or rolled 
into the ditch. The mould 011 the upper and 
fortified part of the hill was found to be in 
most places only from 2! to 3! inches in 
thickness; whereas it had accumulated at the 
foot of the embaukment above the ditch to a 
thickness in most places of from 8 to 9! 
inches. Ou the embankment itlSelfthe mould 
was only 1 to I! inch in thickness; and 
within the ditch at the bottom it varied from 
2~ to 3i, but was in one spot 6 inches in 
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thickness. On the north-west side of the 
hill, either no embankment had ever been 
thrown up above the ditch, or it had subse­
quently been removed; so that here there 
was nothing to prevent worm-castings, earth 
and stones being washl>(} into the ditch, at the 
bottom of which the mould formed a layer 
from II to 22 inches in thickness. It should 
however be stated tbat here and all other 
parts of the slope, the bed of mould often COIl­

tained fragments of chalk and flint which 
had obviously rolled down at different times 
from above. 'fhe interstices in the under­
lying fragmentary chalk were also fil led up 
with mould. 

My son examined the surface of this hill to 

its base in a south-west direction. Beneath 
the great ditch, where the slope was about 
24°, the mould was very thin, namely, from 
I! to 2! inches; whilst Ilear the base, where 
the slope was only 3° t.o 4°, it increased to 
between 8 and 9 inches in tbickn~. We 
lUay therefore conclude that on th~ artificially 
modified hill, as well as in the natural valleys 
of the ueighbouring Chalk Downs, some fine 
earth, probably derived ill large part from 
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worm-c<lstillw, is washed down, <lUU aCCll1lltl­

latt:s in the lowt!r parts, notwithstanding the 
percolation of an unknown quantity into the 
underlying chalk; a supply of 're,,1 earthy 
matter being afforded by ihe Jis:soiutio!l of 
the chalk through atmtJspheric and other 
agellcie~ . 
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CIlAPTER VII. 

:::;umlllUyofthe \>art",hicb"'OnIUlhal'e pl.yoo iUlhehL,tory 
()rlhe .... orld-TheiraidintbediaiIl~tionorrock_IDtbe 
dclludltiODoftha\a.nd-lntheprettTl'IUiono(llldtotmnaiDI 
-In theprer-ntionof tbe.oil for thegrowlh of "lana-­
Mentalpo1\'eraor .. ·orm_Condusion. 

W ORMS ha"e played a more important pari 
in the history of the world than most persons 
would at first suppose. In alm ost all humid 
countJ'ies they urc extraord inarily numerous, 
;mel for their size possess great muscular 
power. In many parts of England a weigllt 
of more than ten tons (lO,5Hi kilogramme;.;) 
of dry earth annually passes through their 
llOdies and is brought to the su rface on each 
acrc of hndj 80 that the whole superficial 
bed of vegetable mould pUS:>CfJ through their 
bodies in the course of evel'y few year,. 
From the collapsing of the old burrows t1Jl~ 

mould is in constant though slow mO"emellt, 
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and the particles composing it are thus 
rubbed together. By these menns fresh sur­
faces are continually exposed to the actioll of 
the carbonic acid in the soil. and of the 
IJtnnus-acids which appear to be sti ll more 

efficient in the decomposition of rocks. The 
generation of the humus-acids is probably 
!lastened during the digestion of the mallY 
half-decayed leaves which worms consume. 
Thus the particles of earth, forming the 
'iUperficial mould, are subjected to conditioDR 
eminently favourable for their decomposition 
and disintegration_ Moreover, the particieK 
of the softer rocks sutTer some amowlt of 
mechanical trituration in tIle muscular giz­
?ards of worms, in which small stones sel'n~ 
a.'1mill-stones. 

The finely levigated castings, when brought 
10 the surfaoo in a moist condjtion, flow during 
rainy weather down any moderate slope; and 
the smaller particles are washed far dowli 
c\'cn a gently inclined surfaoo. Castings 
when dry often crumble into small pellels 
and thc~e are apt to roll down any slopin.c­
I;urfacc. Where the land is quite level altd 
is covered with herbage, and where die 

y 2 
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climntc ill hum id so that much du!-Ot canuot toe 
blown away, it appent'8 at fin;t sight im­
possible that there should be any appreciable 
nillount of sub-aerial denudation; but worm· 
castings are blown, especially whilst moist 
and viscid, in one uniform direction by the 
prevalent winds which are accompanied by 
rain. By these several means tho superficial 
mould is prevented from accumulating to a 
great thickness; and a thick bed of mould 
checks in many ways the di8integration of 
the underlying rocks and fragments of rock. 

The removal of worm-castings by the above 
means leads to results wh ich are far from 
insignificant. It has Leen shown that a 
la.yer of earth, '2 of nil inch in thickneSR, is in 
many places annually brought to the surface j 
and if a small p<'ut of lhis amouut fiowtl, or 
rolls, or is washed, even for a short dil;hmce, 
down every inclined surf.1.ce, or is repeatedly 
blown ill one direction, a great effect will 
be produced in the course of ages. It was 
found by mensurements and calculations that 
on a. surface with a. mean inclination of 
!10 26', 2'-1 cubic inches of earth which had 
been ejected by worms crossed, in the cmll"l;e 
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of ayear,a horizontal line one yard ill length; 
~o that 210 cubic inches would cross a line 
100 yards in length. This latler amount in a 
damp st.'\te would weigh 11! pounds. Thus 
a considerable weight of earth is continually 
moving down cach side of every valley, and 
will in time reach its bed. Finally thia earth 
will he transported by the streams flowing in 
the \'alleys into the ocean, the great receptacle 
for all matter denuded from the land. It is 
known from the amount of sediment annually 
deli,·cred into the sea by tho l'lississippi, that 
it~ enormous drainage-area must on an ayer­
age be lowered ·00263 of an inch each year; 
awl this would sunice ill four and half million 

the whole drainage-are.'\ to the 
of the sea-shore. So that, if a small 

fraction of the layer of fine earth, ·2 of an 
illch in thickncss, which is annually brought 
to the surface by worms, is carried away, a 

great result cannot fail to be produced within 
a period which no geologist considers ex­
tremely long . 

. Archmologists ought to be grateful to 
,,"onn~, as they protect anti preserve for au 
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indefinitely long period every object, not 
liable to decay, which is dropped on the 
::.urface of the land, by burying it beneath 
their castings. Thus, also, many elegant and 
curious tesselated pavements and other ancient 
remains have been prcRerved; though no 
doubt the worms have in these cal:!es been 
largely aided by earth washed and blown 
from t he adjoining land, especial ly when cul­
ti n\ted. The old tesselated pavements have, 
howe"er, often suffered by haying subsided 
unequally from being unequally undennmed 
by the worms. Even old massive wa lls may 
be undermined and subside; and no building 
is in this respect safe, unless the foundations 
lie 6 or 7 feet beneath the surface, at a depth 
at which worms c.'mnot work. It is probable 
that many monoliths and some old walls 113ve 
lilllen down from having been undermined 

by worms. 

" 'orms prepare the grollnd· in an cxcel­
lent manner for the growth of fibrous-rooted 
plants and for seedlings of all kinds. They 

• Whltl>ofSelbomebuk>lnegororemarhon thetervioe 
IlCrr(lmled by WOrml in loosening, &c., the lIOil. &lit. by 
J .... lenyns, 184.3,1'.281. 
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periodically expose the mould to the air, and 
liift it so that no st.ones larger than the par­
ticles which they can swallow are left in it. 
They the whole intimately together, 

""rdenerwho, "mpareB fine soi l for hiH 
is we ll fitted 

to retain moisture and to absorb all soluble 
sllLstances, as well as for the proceRS of nitri ­
ficanon. The bones of dead animals, the 
hnrJer parts of insects, the shell!:! of land­
molluf;C>;, leaves, twigs, &c., are before long 
all buried beneath the accumulated castings of 
worms, and arc thus brought in a more 01" 

less decayed state within reach of the root:,; 
of plants. 'Vorms likewise drag an infinite 
number of dead leaves and other parts of 
plants into their burrows, partly for the sake 
of plugging them up and partly as food . 

The leaves whieh are dragged into the bur­
row8aH f()(){i, after being torn into the finest 
~hrt..(Js, }Jartially digested, and saturated with 
theiute!';tinal and urinary secretions,are com­
mingled with much earth . This earth forms 
the Jark coloured, rich humus which a.lmost 

coven. the sUl'fac~ of the land 
a fairly well·defined layer 01' mantle, 
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H<:lHwn· placed two worms in a. yes~el 

lR inches in diameter, which wa!; filled with 
&'l.nd, on which fallen leavcs were strewed; 
and these were soon dmgged into their bur­
rows to a depth of 3 inclws. After about 
() weeks an almost uniform layer of sand, a 
centimeter ('4 inch) in thickness, was can· 
verted inro humus by having passed through 
the alimentary canals of tbese two wonns. 
it iii believed by some persons that wonn­
hurrows, which often penetrate the ground 
almost perpendicularly to a depth of {) or 6 
feet, matcrially aid in its drainage; notwith­
f.!tanding that the viscid castings piled over 
the mouths of the burrows prevent or check 
the rain-water directly entering them. They 
allow the air to penetrate deeply into the 
ground. They also greatly facilitate the 
downward passage of roots of moderate size; 
and thc~c will be nourished by the humus 
with which the burrows are lined. Many 
J,Oecds owe their gennination to having been 
coYel'ed by castings; and others buried to 
a considerable depth beneath accumulated 
castings lie dormant, until at some future 

··Z'it.cbrift!'lir .. ~baft.ZooIv,;.'D.uviii.1877,1>.300. 
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time they are accidenta lly uncovered and 
germinate. 

,,""rorms are poorly provided with sense­

organ>', for they cannot be said to see, 
nithough they can just distinguish between 
light and darkness; they nre completely deaf, 
find h:\\'e only a. feeble power of smell; the 
I'ocnse of touch alone is well developed. They 
can therefore learn but little about the outside 
world, and it is surprising that they should 
exhibit somc skill in l ining their burrows 
with tl leir castings and with lea.ves, and in 
the case of some species in piling up their 
(1Istiugs into tower-like cOllstructiollS. But it 
i!o! far more surprising that they should ap­
parently exhibit some degree of intelligence 
instead of a mere blind instinctive impulse, in 
tlleir manner of plugging up the mouths of 
their burrows. They act in nearly the Bame 
manuer as would a man, who had to close a. 
c.dindricai tube with dilTerent kinds of leaves, 
I'ctioletl, triangles of paper, &c., for they 
commouly seize slieh ohjccts by their pointed 
cnJs. BlIt with fllin oiljccts a certain number 
nrc dmwll in by their broader cuds. They do 
!lot act ill the same unvarying manner ill all 
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case~, as do most of the lower animals; for 
instance, they do not drag in leave!'! by their 
foot-stalks, unle.<:s the ua!>:al part of the blade 
is as narrow as the apex, or narrower than it . 

'Vhen we behold a wide, tllrf-covel'td 
expanse, we shaull! remember that i~ smooth­
neRS, on which so mnch of its beauty depend>;, 
is mainly due to all the inequalities having 
been slowly levelled hy wormR. It is a mar­
vellous reflection that the whole of the super­
ficial mould over any sllch expani:iC has passed, 
and wiII again pass, every few yon-rs through 
the bodies of worms. The plough is one of 
the most ancient and most. valuable of man's 
inventions; but long before he cxi.':itcd the 
land was in fact regularly ploug-lled, and still 
continues to be thus ploughed hyearth-worm!>:. 
It may be doubted wbetlier there arc many 
other animals which have played so important 
a part in the history of the world , as have 
these lowly organised creatures. Some other 
animals, however, still more lowly organised, 

namely corals, ha.ve done far more conspicuous 
work in having constructed innumerable re~ds 
and islauds in 1he great oceans; but the!<C are 

almost confined to the tropical zones. 
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