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FORM1TIO}l OF VEGETABLE MOULD, 
THROUGH 'rUE ACTION Qt' , WORMS, WITH 

OBS~;nV A'l'IONS ON THEm HABITS. 

h'lTRODUOTION. 

TilE sbare which worms have taken in tlle 
formation of tho layer of vegetable mould, 
which covers the whole surface of the Jand 
in overy moderately humid country, is the 
subject of the present volume. This mould 
ill generolly of a blackish colour aod a few 
inches in thickness. In different districts it 
differs but little in appcnrance, although it 
may r{!tit on various subsoils. The uniform 
fineness of the particles of which it is com­
posed is ODe of its chief characteristic features; 
and this may be well observed in any gravelly 
country, where a recently-ploughed field 



INTRODUCTION. 

immediately adjoins one which has long re­
mained undisturbed for pasture, aud where 
the vegetable mould is exposed on the sides 
of a ditch or hole. The subject ma.y appear 
an insignificant one, but we shall see that 
it possesses some interest; and the maxim 
.. de minimis lex: non curat," docs not apply 
to science. Evcn Elie de Beaumont., who 
generally undervalues small agencies and 
their accumulated effects, remarks.- " 130 
"couehe tres-mince de 13. terre vcgetale est un 
"monument d'une haute alltiquite, et, par Ie 
" fait de sa permanence, un objet digne d'oc­
"cuper Ie geologue, et capable de lui fournir 
"des remarques interes8autes." Although 
the supcrficiallayer of vegetable mould as a 
whole no doubt is of the highest antiquity, 
yet in regard to its permanence, we shall here­
after 1300 reason to believe that its component 
particles are in most cases removed at not a 
very slow rate, and are replaced by others 
due to the disintegration of the underlying 
materials. 

All I was led to keep in my study during 
many months won:na in pots filled with earth, 

• 'LfI9ooadeG60logiePratiqu~,'tom.i.l&i5,p.14(). 
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I beeame interested in them, and wished to 
learn how far they acted consciously, and how 
much mental power they displayed. I was 

the more deRirou8 to learn something 011 this 
head, as few observations of this kind have 
been made, as far as I know, on anim31s so 
low in the scale of organi:r..ation 3ud 80 

poorly provided with sensc-orgall8, as 3re 
earth-worms. 

[n the ye3r 1837, a short paper WfUI read 
by me before the Geological Society of 
London,· OJ On the Formation of Mould," in 
which it W3S shown that small fr3gIllcnt.s of 
burnt marl, cinder~, &c., Wllich lmd been 
thickly strewed over the surface of several 
meadow>!, were found after a few years lying 
at the depth of some inches beneath the turf, 
but 8till fonning a layer. This app.'lrcnt 
&inking of superficial bodies is due, as 
w .. find 8Ugg-ellted to me by ~Ir. \\"cdgwood 
of llaer Hall in Staffordshire, to the large 
quantity of fine earth contillu311y brought 
up to the Murface by worms in the form of 
castinga. These castings arc sooner or later 

• 'TnD.ctkm (ho1og. Soc.' vol v. I'. 50.). Read N(lvcrn­
_1,1""1. 
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spread out and cover up any object left on 
the surface. I was thus led to conclude that 
all the vegetable mould over the whole coun· 
try has passed many times througb, and will 
again pass many times through, the intestinal 
canals of worms. Hence the term "animal 
mould" would he in some respects more 
appropriate than that commonly used of 
"vegetable mould." 

Ten years after the publimtion of my papel', 
)f. D'Arehiac, evidently influenced by the doc­
trines of Elie de Beaumont, wrote about my 
"singuliere tbeorie," and objected that it could 
apply only to "les prairies basses et bnmides;" 
and that "les terres labources, lcs bois, les 
prairies Clevces, n'apportent aUCUDe prem'e 
it l'appui de eette maniere de voir." - But M. 
D'Archiac must have thus argued from inner 
consciousness and not from observation, for 
worms abound to an extraordinary degree in 
kitchen gardens wbere the soil is continually 
worked, though in snch loose soil they generally 
deposit their castings in any open mvities or 
within their old burrows instead of on the 
sUl'face. Von Hensen estimates that there are 

• 'lliatoil'(ldCllprogrtsdeIv.Goologic,'to~.i.18(7,p.224. 
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about twice as many worms in gardens as in 
corn-fidd.:!:.· With respect to "prairies 
~Ie,"~ .. ," I do not know how it may be in 
Frallce, but nowhere ill England have I seen 
the ground 80 thickly covered with castings 
118 on commons, at a height of several hundred 
feet above the sea. In woods ngnin, if the loose 
leaves in autumn arc removed, the whole 
surf.'100 will be found strewed with CMtings. 
Dr. King, the superintendent of the Botanic 
Ganlcn in Calcutta, to whose kindness I am 
indebted for many observations on cnrth­
worms, informs me that he found, ncar Nancy 
in France, the bottom of the 1:)1.'100 forests 
covered over many acres with a spongy layer, 
ooml)()~.J of dead leaves and inllumerable 
woml-cru;tings.. ]Je there heard the Professor 
of Co Aml:nagement des Foreta" ieduring to 

bis pupih" and pointing out this case as a 
H beautiful example of the natural cultiva­
H tion of the soil; for year after year the 
.. thrown-up castings cover the dead leaves; 
H the result being a rich humus of great 
H thickneu." 

··z.itadlrintl1rw~t.Zoolo;ie,·B.lI.1Yiii.1877. 
po 181. 
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In tho year 1869, Mr. Fish· rejected my 
l.'onclusioll8 with respect to the part which 
worms have played in the formation of veget­
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 stupendous." lIere we 
have an instance of that inability to sum 
up tIm effects of a continually recurrent 
cause, which has often retarded the progress 
of science, as formerly in the case of geology, 
and more recently in tllat of the principle 
of evolution. 

Although these several objections seemed 
to me to have no weight, yet 1 resolved to 

make more observations of the s,,\me kind as 
those published, and to attack the problem on 
another side; namely, to weigh all tho cast­
ings thrown up within a givon time in a 
measured space, instead of ascert.'lining the 
rate at which objects left on the 8urface were 
buried by worms. But some of my observa.­
tions have been rendered almost lJuperfiuous 
by an admirable p.'\per by Yon Hensen, 

• 'Gardenel'6'Chronielc,'April17, 18G9,p.ua. 
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already aUuded to, which appeared in ISi7. 
Before entering on det.'\ils with respect to the 
castings. it will be advisable to give some 
account of the habits of wonllij from my 
own obAcrvations and from those of other 
naturalia18. 
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CHAPTER I. 

HABITS O~' WORMS. 

Nature or the ,itea inbabited-Can livo long under water_ 
Nocturnal-Wander abou~ at night-Often lie cloee to ~bc 
mouths of their burrows, a.nd a1'8 thul d<'l!troyed in large 
numbel'll by birds--Structuro--Do not poesess eYe<!, but can 
di,tiuguisb between light and darkneu-Retreat mpidly when 
brigbtlyillumiuated,notbyarefle1a.etioD-Pow/lrofBttention 
-Sensitive toheataDdoold-Complctl'lydeaf--Sen$itiveto 
vibratioDi and to touch-lo'eeble power of !lIDell-Tal!l.e­
Mental qualiti~Nature of food-Omnivorou_Dige>ltion­
Lea,'es before being Iwa\lowed,moi8wued with alluid of the 
naturooflhepe.ncrea.tioaet:retion-E1Ira ... tomachaldigestion 
_Oilciferous gla.ndJI, structure of-CaI<:arOOus ooncretionll 
formed in the anWriorpn.ir of glAndJI-ThecalcaroouBmattcr 
primBrily an e1cretion, but IIOOOndarilyaerve<! to neutrali8e the 
acidtg<luemtedduringtbedigClltivepl'O«'Sl. 

E.\RTn-WORMB are distributed throughout the 
world under the form of a 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 those 
inhabiting neighbouring countries. In Scan­
dinavia there are eight species, according to 
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F.i~n;· but two of these rarely burrow in the 
ground, and one inhabits vcry wct 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. Hoffmeister says that the species in 
Germany are not well known, but gives the 
same number as Eisen, together with some 
strongly marked varieties.t 

E.'\rth-worms abound in England in many 
different stations. Their castings may be 
IlCen in extraordinary numbers on commons 
and chalk-dowlls, so as alm06t to cover the 
whole surface, where the soil is poor and the 
grass short and thin. But they are almost or 
quite as numerous in some of the LoIldon 
parks, where the grass grows well and the 
BOil appears rich. Even on the same field 
worms are much more frequent ill80mo 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 
illlltance will be given in which they had 

• 'Didrajllilli'bDdiDuifD.Oliphletfauna,' 181l. 
t 'Oi, bi. j.1.r;t bekannteD Arlen lUi der FuniH, der lIegen-

1fIrmer,'1i<45. 
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burrowed through tile floor of a very damp 
cellar. I have seen worms in black peat in a 
boggy field; but they aTe extremely rare, or 
quite absent in the drier, brown, fibrous peat, 
wbich is SO much valued by gardeners. On 
dry, sandy or gravelly tracks, where heath 
with some gorse, ferns, coarse gross, moss 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 vegct.'\tion is due to 
the tailor plants being killed by the occasional 
trampling of man and animals, or to the soil 
ooing occasionally manured by the droppings 
from animals, I do not know,- On snch 
grassy paths worm-castings may often be Been. 
On a heath in Surrey, which was carefully 
examined, there were only a few castings on 
these paths, where they were much inclined ; 

• There iI eyeUIO!De reaeon to belieye that ~nre i, actually 
favou!'t.ble to the growth of va-, (...,. l'rofe.:>r Buckman, who 
mlde m.ny OhlcTv.tion. on their b'l'tll'lth in the eJ;perim~ntaJ 
gRnI~n. of the Jloyal Agricultural College. r.)marki (' OR,dell~u' 
ChrOl>icl~,'1854,p.61n) : "Another clroUlll..llallOll in thllcultiv.< 
lion of gJUeeI in the aepRll1te form or amln palChe., i. the 
Imp!*ibilityofrolling or treading thelulinuly,,,'hhoni ,,'hieb 
no pNture can oootinue good." 

lwCc..; OietA'N f h rI .. 
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but (.n the more level parts, whcre fl. bed of 
fine earth Ilad ~'D washed down from the 
&tc<>l'cr parti and had accumulatcd to a thick­
neN! ofafcw iuchcs, worm-castings abounded. 
Th(,~ .. pots seemed to be o\'cl'stockcd with 
wonn~ fK) that they bad been compellod to 
spread to a dit;t.'lnce of a few feet from the 
graMy paths, and here their castingfl 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, Wl1ich 
proLaloly long retains some moisture, is in 
aU C&8l"tI, as I believe, llcooSS(t,ry for their 
existence; and the mere compre&;ion of the 
aoi l appeal1l to be in some degree favourable 
to them, for they often abound in old gravel 
walb, and in foot-paths across fields, 

Beneath large trees few castings can be 
foaod during certain seasons of the yenr, and 
... it apparently due to tile moisture having 
.... lUCked out of the ground by the innu_ 
-.ble root. of tbe trees; for such places 
-1 be INn covered wiib castings after the 
.. "", autumnal rains. A lthough most cop­
picesand wooda: support many worms,yet in a 
forMt of tall and ancient beech-trees in Knolc 
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Park, where the ground beneath was bare of 
all vegetation, not a single casting could be 
found o\'er wide spaces, even during the 
autumn. Nc\"ertbeless, c. ... stings were abun­
dant on some grnss-covcred glades and 111-
dentations which penetrated this forest. On 
the mountains of North Wales nnd on the 
Alps, worms, as 1 have been informed, are in 
most placcs rare; and tbis may perhaps be 
due to the close proximity of the sub­
jacent rocks, into Wllich worms cannot 
burrow during the winter 80 as to escape 
being frozen . Dr. McIntosh, however, found 
worm-castings at a height of 1500 feet on 
8cbiehallion in Scotland. They are numerous 
on some hills near Turin at from 2000 to 
3000 feet above the sea, and at a great 
altitude on the Nilgiri Mount.'1in8 in South 
India and on the llirualnya.. 

Earth-worms must be considered as terres­
trial animals, though they are still in one 
sense scmi-aquatic, like the other members of 
the great class of annelids to which they 
belong. ! 1. Perrier fouud that their ex­
pos1Ire to the dry air of II. room for only Ii 

single night was fatal to them. On tIle 

The Com,_t .. Wnri. of Charles Oarwll1 Onhne 
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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 the winter when the ground is frozen. 
Worms are nocturnal in their habita, and at 
night may be seen crawling about in large 
Dumbe"" but usually with their t.'l.ils still 
inserted in their burrows. By the expansion 
of this part of their bodies, and with the help 
of the short, slightly refiexed bristles, with 
which their bodies are armed, they hold 
so fast tlmt they can seldom bo dragged 
out of tho ground without being torn into 
pieces.t During the day they remain in 
their burrows, except at the pairing season, 
when thOtie which inhabit adjoining burrows 
expo!!e the greater part of their bodies for 
an hour or b·o ill the early morning. Sick 

·l oh&llh .... ~ofUuto"'{ertoM.rcrTitr·.lldlnirable 
......... 'tlrpaialioo de. u..lnlridetU tCl'l'l'lttn)ll· in 'Archive. 
... ZcJoIo&. til"'! torn. iii. 11:174. P. 3i2. C. F • .Morrcn ('Dc 
LlUDbrici """",.tri .. • Iw,)1I, I~ 14) found Iht wonu. cndu.w. 
,1IIUIIOaiOa rur fiftH" to twenty day. iu ",rnmer, but that ill 
... inter tlwy died wbnJ, t.h\LIIrea.loo. 

t .",ren, 'LM LLlIIIbrid Ul'l'I'lttri .. ' &C., 18:!'9, 1\ 6i. 
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individuals, which are generally affected by 
the parasitic larvro of a fiy, must also be ex­
cepted, as they wander about during the day 
and die on the surface. After heavy rain 
sucroeding dry wcather, an astonishing num­
ber of dead worms may sometimes be seen 
lying on the ground. Mr. Galton infonns 
me tbat on one such occasion (March, 1881), 
the dead worms averaged ono for every 
two and a half paces in length on & walk in 
Hyde Park, four paces in width. He counted 
no less than 45 dead wonus in ono place in 
a length of sixteen paces. From the facts 
above given, it is not probable that these 
worms could have been drowned, and if they 
had been drowned they would have perished 
in their burrows. I believe that they were 
already sick, and that their deaths were 
merely hastened by the gl"Ouud being flooded. 

It has often been s..'lid that under ordinary 
circumstances healthy wonns nC"cr, or very 
rarely, completely leave their burrows at 
lIight; but this is an error, as White of SeI­
borne long ago knew. In the morning, after 
thero has been hea\'y rain, the film of mud 
orof very fine sand over gravel-walks is often 
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plainly marked with their tracks. I Ilfwe 
notiocJ this from August to May, both months 
included, and it probably occurs during the 
two remaining months of the year when 
they are wet. On these occasions, very few 
dead worms could anywhere be seen. On 
January 31, 1881, after a Jong-continued 
and unusually severe frost with much snow, 
38 soon as a thaw set in, the walks were 
marked with innumerable tracks. On one 
occasion, 6\'e tracks were counted crossing 
a space of only an inch square. They could 
ItOruetim~FI he traced either to or from the 
mouths of the burrows in the gl'3vel-,,'ulks, 
for distances between 2 or 3 up to 15 yards. 
I ha\'e never seen two tracks leading to the 
same buM'Ow; nor is it likely, from what we 
sbalrprellfntly!i4.* of thei.r scnsc-orgnns, that 
• worm could find it.'! way oock to its burrow 
after having once left it. They apparently 
leave their Imrrows Oil a voyage of dil'CO\,ery, 
and iliu they find new sites to inhabit. 

Morren stales· that worms often lie for 
boUl'l almOllt motionless close beneath the 
mouths of their burrows. 1 have occnaion[llly 
noticed the Bame fact with wQI'ms kept in 

• 'DtLnmbriciterr.tn.,'&c..,p.I4. 
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pots in the house; so that by looking down 
into their burrows, their heads could just be 
seen. If the ejected earth or rubbish over 
the burrows be suddenly removed, the end 
of the worm's body may very often be seen 
mpidly retreating. This habit of lying near 
the surface leads to their destruction to an 
immense extent. Every moming during eer-. 
tain seasons of the year, the thrushes and 
blackbirds on all the lawns tbroughout the 
country draw out of their holes an astonishing 
number of worms; and tbis they could not 
do, unless they lay close to the surface. It 
is not probable that worms behave in this 
manner for the sake of breathing fresh air, 
for we have seen thnt they can live for a 
long tillle under water. I bel ieve that they lie 
ncar the surface for the sake of warmth, es­
pecially in the morning; and we shall here­
after find that they often coot the mouths 
of their burrows with leaves, app.'lrently to 
prevent their bodies from coming into close 
contact with the cold da.mp earth. It is said 
that they completely closc their burrows 
during thc winter. 

Structure.-A few remarks must be made 
on this subject. The body of a large worm 

~ !lII c.... ~olete Nork...;.f Charle. Darwin Onhne 
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conm.s18 of from 100 to 200 almost cylindrical 
rings or segments, each furnislled with minute 
bristles. 'l'he muscular system is well 
developed. "r orms can crawl backwards as 
well as forwards, and by the aid of their 
allixed tails can retreat with extraordinary 
rapidity into their burrows. The mouth is 
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. Intemally, 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 t.Ilis part 
correRpondR, according to Perrier, with tllc pro­
trudahle trunk or proboscis of other annclids. 
Tho pharynx leads into the resophngus, 011 

each side of which in the lower Ih'lTt there 
are three pairs of large gJand,~, which secrete 
a 8urpriNing amount of carbonate of lime. 
ThMll: calciferous gland!;! are highly remark­
able. for nothing like them is known in any 
other animal. Their use will be discussed 
when we treat of the digestive process. Tn 
most of tLe species, the resophagu8 is enlarged 
into a crop in front of the gizzard. This 
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latter organ is lined with a smooth thick 
chitinous membrane, and 
is surrounded by weak 
longitudinal, but by power­
ful transverse muscles. 
Perrier saw these muscles 
in energetic action; and, as 
he remarks, the trituration 
of the food must be chiefly 
efIected by this organ, for 
worlllS possess no jaws or 
teeth of any kind. Grains 
of sand and small stones, 
from the .,;" to a little 
more than the .f. inch in 

Fig. I. 

Diagramofthealimen­
tarycanalorancarth­
worm (Lumbricus), 
copied from Ray Lan­
kestcr in 'Quart. 
Joum. of Microsoop. 
Soc.' vol. xv. N.S. 
pI. vii. 

diameter, may generally 
be found in their gizzards 
and intestines. .As it is 
certain that worms swal­
low many little stones, in­
dependently of those swal­
lowed while excavating 
their burrows, it is proI>­
a ble that they serve, like 
mill-stones, to triturate 
their food. The gizzard 
opens into the intestine, 
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which runs in a straight course to the vent 
at the posterior end of the body. The intes­
tine presents a remarkable structure, the 
typhosolis, or, as the old anatomists called it, 
an intestine within an intestine; and Olapa. 
rede- has shown that this consists of a 
deep longitudinal involution of the walls of 
the intestine, by which means an extensive 
absorbent surface is gained. 

The circulatory system is well developed. 
Worms breathe by their skin, as they do not 
possess any special respiratory organs. The 
two sexes are united in the same individual, but 
two individuals pair together. The nervous 
system is fairly well developed; and the two 
ahnost confluent cerebral ganglia are situated 
very near to the anterior end of the body. 

Sense8.-Worms are destitute of eyes, and 
at first 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 animals. Other 

• llistolog. Untersuchungen tiber die Regenwiirmer. • Zeit. 
IIChriftftirwissenschaft.Zoologie: n.m., 1869,p. 611. 

G 2 



20 U.Wl'IS OF WORMS. CHAP. I. 

persons have found no difficulty in observing 
worms at night by the same means.-

Hoffmeister, however, states t that worms, 
with the exception of a few individuals, are 
extremely sensitive to light; but he admits 
that in most cases a certain time is requisite 
for its action. These statements led me to 

watch on many successive nights worms kept 
in pots, which were protected from currents 
of air hy means of glass plates. The pots 
were approa.cbed very gently, in order that 
no vibration of the £Ioor should be caused. 
'Vhen under these cil'cumsw,uces worms were 
illuminated by a bull's-eye lantern having 
slides of dark red and blue glass, which in­
tercepted BOllluch light that they could be seen 
only with Borne difficulty, they were not at all 
affected by this amount of light, however long 
they were exposed to it. 'l'he 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 

.. For ilU!tu.nce, Mr_ Bridgman and Mr_ Newman ('The 
ZoologiAt,'vo1.'-ii.l.lH9,p.25j6). .. ndllOmefriendswboobllcrved 
wOrDlAforme. 

t 'FBmilie d~r Reg~nwUrmcr,' 18t5, p. 18. 
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illuminated by a candle, or even by a bright 
paraffin lamp, they were: not usually affected 
at first. Nor wero they when the light was 
alternately admitted and shut off. &me­
times, however, they behaved very differ­
ently, for as soon as the light fell on them, 
they withdrew into their burrows with 
a1mOt;t instant .. \oeous rapidity. Thill occurred 
perhaps once out of a dozen times. When 
they did not withdraw instantJy. they often 
raised the anterior tapering ends of their 
bodiell 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 feeling for some object. They appeared 
distressed by the light; but 1 doubt whether 
this was rO:IUy the case, for on two occasions 
aftel' withdrawing slowly, they remaioed for 
a long time with their anterior extremities 
protruding a little from the mouths of their 
burrows, in which position they were ready 
for instant aod complete withdrawal. 

Wheo the light from a caudle was cou­
centrated by means of a large leos on the 
aoterior extremity, they generally withdrew 
iostantly i but this concentrated light failed 
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to act perhaps once out of half a dozen trials. 
'the light was on onc occasion concentrated 
on a wonn lying beneath warer in a saucer, 
and it instantly withdrew into its burrow. 
In all cases the duration of tho light, unless 
extremely feeble, made a great difference in 
the result; for worms left exposed before a 
p..'traffin lamp or a candle invariably retreated 
into their burrows within from five to fifteen 
minutes; and if in the evening the pots were 
illuminated before the worms had come out of 
their burrows, they failed to appear. 

From the foregoing facta it is evident that 
light affects worms by its intensity and by 
its duration. It is only the anterior 
extremity of the body, where the cerebral 
ganglia. lie, which is affected by light, as 
Rofimeisrer asserts, and as I observed on 
many occasions. If this part is shaded, other 
parts of the body may be fully illuminated, 
and no effect will be produced. As these 
animals have no eyes, we must suppose that 
the light passes through their skins, and in 
some manner excites their cerebral ganglia. 
It appeared at first probable tlmt the dif· 
ferent manner in which they wero affected on 

Rl The Complete Work of Charle~ Darwin Online 
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different occasions might be explained. either 
by the degree of extension of their skin and 
its consequent transparency, or by some 
particular incidence of the light; but I 
could discover no such relntion, One thing 
was ma.nifest, namely tbat wben worms were 
employed in dragging leaves into their 
burrows or in eating tllem, and even during 
the short intervals whilst they rested from 
their work, thoy either did not perceive 
the light or were regardless of it; and this 
occurred even wben tho light wasooncentrated 
on them through a. large lens, So, again, 
whilst they are paired, they will remain for 
an hour or two out of their burrow!!, fully 
exposed to the morning light; but it appears 
from what Hoffmeister says tbat a light 
will 'occasionally cause paired individuals to 
ecparate, 

When a worm is suddenly illuminated and 
dashes like a rabbit into its burrow-to usc 
the expression employed by a friend-we are 
at fir~t led to look at the action as a reflex one, 
Tbe irrita.t,ion of the cerebral ganglia appears 
to callso cert.'lin muscles to contract in an 
inevitable manner, independently of the will 

"'" Th .. :,.., I t f arlllls a InOnhn 
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or consciousness of the animal, as if it were 
an automaton. But the different effect 
which a light produced on different occasions, 
and especially the fact that a worm when in 
any way employed and in the intervals of 
such employment, whatever set of muscl06 
and ganglia may then have been brought into 
play, is often regardless of light, Bre opposed 
to the view of the sudden withdrawal being 
a simple reBex action. With the higher 
animals, when close attention to some object 
leads to the disregard of the impresaioll9 
which other objccta must be producing on 
them, we attribute this to their attention 
being then absorbed; and attention implies 
the presence of a mind. Evcry sportsman 
knows that he can approach an imals whilst 
they are grazing, fighting or courting, much 
more easily than at other times. The state, 
also, of the nervous system of the higher 
animals differs much at different times, for 
illstance, a horse is much moro readily startled 
at ono time than at another. The comparison 
here implied between the actiolls of one of 
the higher animals and of oue so low in the 
scale as an earth-worm, may appear far-
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fetched; for we thus attribute to tbe worm 
attcntion and some mental power, nevcrthe­
less [ can sec no reason to doubt the j ustice 
of the comparison. 

Although worms cannot be said to possess 
the power of vision, their sensitiveness to 
light enables them to distinguish between 
day and night; and they thus escape extreme 
danger from the many diurnal animals which 
prey on 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-platca, 
over which sheets of black paper were 
spread, and placed before a north-elUlt win­
dow, rcmnined during the day-time in their 
burrows and came out every night; and they 
oontinuoo thus to act for a week. No doubt 
a Httle light may have entered between the 
shoots of glass and the blackened p.'tper; 
but wo know from the trials with coloured 
glass, that worms are indiiJ'erent to a small 
amount of light. 

Worms appear to be less sensitive to 
moderato radiant beat than to a bright light. 
I judge of this from baving held at different 
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times a poker heated to dull redness near 
some WOTIIUl, at a dist .. UlOO which caused a 
very sensible degree of warmth in my hand. 
One of them took no notioo; a second with­
drew into its burrow, but not quickly; the 
third and fourth much more quickly, Bud the 
fifth as quickly as possible. The light from 
a candle, conccntrated by a lens aud passlng 
through a shoot or glass which would intercept 
most of the heat-rays, generally caused a 
much more rapid retreat thall did the heated 
poker. Worms are sensitive to a. low temper­
ature. as may be inferred from their not 
coming out of their burrows during a frost. 

Worms do not possess any seuoo of hearing. 
They took not the least notice of the shrill 
notes from a metal whistle, which was re­
peatedly sounded near tbem; nor did they 
of the deepest and loudest tones of a bassoon. 
They were indifft:rent to shouts, if care was 
taken that the breath did not strike them. 
When placed on a tahle close to the keys of 
a piano, which was played as loudly BS 

possible. they remained perrectly quiet. 
Although they are indifferent to undula-­

tions in the air audible by us, they arc 

(t) The m let Work of Charl/::s Darwln Onlme 
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extremely sensitive to vibrations in any solid 
object. When the pots contai ning two 
wonns which had remained quite indifferent 
to the sound of the piano, were placed on 
this instrument, and tbe nol,e C in the bass 
clef was struck, both inst.'mtly retreated into 
their burrows. After a time they emerged, 
and when G above the line in the treble clef 
was struck they again retreated . Under 
similar circumstances on another night one 
worm dasllCd into its burrow on a very high 
note being struck only once, and tho other 
worm when C in the treble clef was struck. 
On these occasions the worms were 110t 

touching tho sides of tho pots, which stood 
in saucers; so that the vibrations, before 
reaching their bodies, had to pass from the 
sounding board of the pia.no, through the 
saucer, the bottom of the pot and the damp, 
not very compact earth on which they lay 
with their tails in their burrows. They 
often showed their sensitiveness when the 
pot in which they lived, or the table on 
which the pot stood, was accidentally and 
lightly struck; but they appeared less sensi­
tive to such jars than to the vibrations of tho 

• ___ ....,;.1>. Cc....lolete Work of Charles .Jarwln ..II'le 
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piano; and their sensitiveness to jars varied 
much at different times. It has often been 
said that if the ground is beaten or otherwise 
made to tremble, wonna believe that they 
are pursued by a mole and leave their 
burrows. I beat the ground in many places 
where worms abounded, but not one emerged. 
When, however, the ground is dug with a 
fork and is violently disturbed beneath a 
worm, it will often crawl quickly out of ita 
burrow. 

The whole body of a worm is sensitive 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 Darrow chinks thus 
left, often sufficed 1.0 cause a rapid retreat. 
They sometimes perceived 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 touch; and there is some reason to 

believe, as we shall see in the next chapter, 
that they are thus enabled to gain a general 

c The Complete Work of Charles Darwin Online 
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notion of the form of.an object. Of all their 
senses that of touch, including in this term 
the perception of a vibration, seems much the 
most highly de\'eloped. 

In worms the sense of smell apparently is 
confined to the perception of certain odours, 
and is feeble. 'I'bey were quite indifferent to 

my breath, as long as I breathed on them very 
gently. This was tried, beeauae it appeared 
possible that they might thus be warned of 
the approach of an enemy. They exhibited 
the same indifference to my breath whilst I 
chewed some tobacco, and while a pellet of 
cotton·wool with a few drops of mille-fieurs 
perfume or of acetic acid was kept in my 
mouth. Pellets of cotton·wool 800ked in 
tobacco juice, and in milleReurs perfume, and 
ih paraffin, were held with pinccrs and were 
waved about within two or three inches of 
several worms, bnt they took no noticc. On 
one or two occasions, however, when acetic 
acid had been placed on the pellets, the worms 
appeared a. little uneasy, and this was 
probably due to the irritation of their skins. 
'fhe perception of such unnaturnl odours 
would be of no service to worms; and as such 
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timid creatures would almost certainly exhibit 
some signs of any DCW impression, we may 
conclude that they did not perceive these 
odours. 

The result was different when cabbage­
leaves and pieces of onion werc employed, 
both of which are devoured with much relish 
by worms. Smnl( square pieces of fresh and 
half-decayed cabbage-leaves and of onion 
bulbs were on nine ooca.sioos buried in my 
POUl, beneath about t of an inch of common 
garden soil; aod they were always discovered 
by the worms. One bit of c.'\bbnge was dis­
covered and removed in the course of two 
hOUfS; three were removed by the next 
morning, that is, after n. single night; two 
others after two nights; and the seventh bit 
after three nights. Two pieces of onion were 
discovered and removed after three nights. 
Bits of fresh n\W meat, of which worms are 
very fond, were buried, and were not ~ 
oovered within forty.-eight hours, during 
which time they had not become putrid. The 
earth above the various buried objects was 
generally pressed down on ly slightly, 80 as 
not to prevent the emission of any odour. 

Thfl •• molete Work.ofCharle5 DarwIn Onhne 
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On two occasions, however, the surface was 
well watered, and was thus rendered 9Ome· 
what compact. After the bits of cabbage and 
onion had been removed, I looked beneath 
them to see whether the worms had acci. 
dentally come up from belo\v, but there was 
no sign of a bnrrow; and twice the buried 
objects were laid on pieces of tin·foiI which 
were not in the least displaced. It is of 
course poeeible that the worms whilst moving 
about ou the surface of the ground, with their 
tails nflixed within their burrows, may have 
poked their heads into the places where the 
above objects were buried; but I have never 
seen worms acting in this manner. Some 
pieces of cabbage-leaf and of onion were twice 
buried beneath very fine ferruginous sand, 
which was slightly pressed down and well 
watered, 80 as to be rendered very compact, 
and these pieces were never discovered. On 
a third occa.sion the same kind of sand was 
neither pressed down nor watered, and the 
pieces of cabbage were discovered and re­
moved after the seoond night. These several 
facts indicate that worms poBSCss 90me power 
of smell; and that they discover by this 

Thoo. (;f>mDlete wor!< of Ch",... D" ........ ' nnl ne 
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means odoriferous and much-coveted kinds 
of food. 

Jt may be presumed that all animals which 
food on various substances possess the sense 
of taste, and this is certain ly the case with 
worms. Cabbage-leaves arc much liked by 
worms ; and it appears that they can dis-­
tinguish between different varieties; but this 
may perhaps be owing to differences in their 
texture. On eleven ()CCMi01l8 pieces of the 
fresh leaves of a common green variety and 
of the red variety used for pickling were 
given them, and they preferred the green, 
the rod being either wholly neglected or much 
less gnawed. On two other occasions, how­
over, they seemed to prefer the roo. Half­
decayed leaves of the red variety and fresh 
lewes of the green were alt.-lcked about 
equally. When lea,vc8o£ the cabbage, horse­
radish (3 favourite food) and of the onion wero 
given together, the latter were always and 
m.anifestly preferred . Leaves of the cahbage, 
lime-tree, Ampelopis, parsnip (Pastinaca.), and 
celery (Apium) were likewise given together ; 
and those of the celery wcrc first caten. But 
when leaves of cabbage, turnip, beet, celery, 
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wild cherry and carrots were given together, 
tile two latter kinds, especially those of the 
carrot, were preferred to all the others, 
including tllOse of celery. It was also mani­
f~t after many trials that wild cherry leaves 
were greatly preferred to those of the lime­
tree and hal'.e1 (Corylus). According to Mr. 
Bridgman the half~eC:l.yed leaves of Pldru: 
t'erna are particularly liked by worms.-

Pieces of the leaves of cabbage, t.ul'Ilip, 
horse-radish and onion were left on 010 pots 
during 22 days, and were all atbtcked. and 
Imd to be renewed; but during the whole 
of this time Icaves of an Artemisia and of 
tile culinary S<lge, thyme mId mint, mingled 
with the above leaves, were quite neglected 
excepting those of the mint, which were occa­
sionally and very slightly nibbled_ These 
lattcr four kinds of leaves do not differ in 
texture in a manner which could make them 
di.sagrceable to worms; they all have a strong 
taJlte, but so have the four firist mentioned 
kinds of leaves; and the wide difference in 
the result must be attributed to a preference 
by tile \\'orms ful' one taste over another. 

''l'he Z001ogi.1; vol. viL 1849, p.:!576. 
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Mental Qualities.-There is little to be said 
on this head. We have seen that wonns are 
timid. It may be doubted whether they 
suffer as much pain when injured, as they 
seem to expre.,;s by tbeir contortions. Judging 
by their eagerness for certain kinds of food, 
they must enjoy the pleasure of eating. 
Their sexual passioll is strong enough to 

overcome for a time their dread of light. 
They perhaps ha\'e a trace of social feeling, 
for they are not disturbed by crawling ovcr 
each other's bodies, and they sometimes lie 
in contact. According to Holl'meister they 
pass the winter either sir.g!y or rolled up 
with others into a bull at the bottom of their 
burrows.- Although worms are so remark­
ably deficient in the several sense-Dl'gans. 
this does not necessarily preclude intelligen(:e, 
as we know from such cases as those of Laura 
Bridgman; and we have seen that when their 
atteution is cngaged, they neglect impressions 
to which they would otherwise ha\'c attended; 
and attention indicates the presence of a mind 
of some kind. 'l'hey are also much more 
easily excited at certain times than at others . 

• • Famille der Ilegcuwtirmer,' p. 13. 
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They perform a. few actions instinctively, that 
is, all the individuals, including the young, 
perfonn such actions in nearly the same 
fashion. This is shown by the manner in 
which the species Qf Pcrich::et.n, eject their 
castings, so as to construct towers; also by 
the manncr in which the burrows of the 
common earth-worm are smoothly lined with 
fine earth and often with litile stonce, and 
the mouths of their burrows with leaves. 
One of their strongest instincts is the plug­
ging up the mouths of their burrows with 
various objects; and very young worms act 
in this manner. But some degree of in­
telligence appears. as we shall see in the next 
chapter, to be ex.hibited in this work,-a 
result which has surprised me more than 
anything ebu ill regard. to wonns. 

Food and .Digestio'l.-Worms are omnivo­
rous. They swallow an enormous quantity of 
earth, out of which they extract any digeb­
tible matter which it may contain; but to 
tbis subject I must recur. They also COll­

lume a large number of half-deeayed leave!; 
of all kinds, excepting a few which have an 
unpleasant taste or are too tough for them; 
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likewise petioles, peduncles and decayed 
flowers. But they will also consume fresh 
leaves, :l.S I havo found by repeated trials. 
According to Morren- they will cat particles 
of sugar and liquorice; und the worms which 
I kept drew many bits of dry starch iuto 
their burrows, and a large bit had its angles 
well rounded by the fluid poured out of their 
moutLs. But as they often drag particles of 
soft stone, such as of chalk, into their burrows, 
I feel some doubt whether the starch was 
1lI.ed as food. Pieces of raw and roasted meat 
were fixed several times by loug pins to the 
surface of the soi] in my pots, and night after 
night the worms could b'e seen tugging at 
them, with the edges of the pieces engulfed 
in tbeir mouths, so that much was consumed. 
Raw fat seems to be preferred even to raw 
meat or to anv other substance which was 
given them, a;d much was consumed. 'rhey 
;~rc cannibals, for the .two halves of a dead 
worm placed in two of the pots were dragged 
into the burrows and gnawed; but as far a 
1. could judge, they prefer fresh to putrid 
meat, and in SO far I differ from H offmeister . 

• 'DeLumbriciterrcstris'p.19. 
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Leon FnkMricq states· that the digestive 
fluid of worms is of the sarno naturo as tho 
pancreatic secretion of the higher animals; 
and this conclusion agrees perfectly with the 
kinds of food which worms collsume. P'\Il­
croatic juice emulsifies fat., 'and we have just 
seen how greedily worms devour fat; it 
dissolves fibrin, and worms eat raw meat; it 
converts storch into grape-sugar with wonder­
ful rapidity, and we shall presently show that 
the digestive fluid of wonna acts on starch.t 
But they live chiefly on half-dccayed leaves; 
and these would be useless to them unless they 
could digest the cellulose forming the cell­
walls; for it is well known that all other nutri­
tious substonces ure almost completely with­
dmwn from leaves, shortly before they fall 
off. It has, however, now been ascertained 
that cellulose, though very little or not at all 
attacked by the gastric secretion of the higher 
animals, is acted on by that from the pancreas.t 

• 'Arehiv~ de ZooIoWe up6riment&le,' tom. vii. 1878, po 3l).1. 
t On the r.etion of the JlIUIcrealie ferment, _, A TGJ;t--Book 

of Phy,iology,'b,. Michael ~'OIter, 2nd ooit. PI~ 108-203. una. 
t Schmulcwit.-ch. 'Adion de. SUCI digeiltlr. lur I. CelJul.-.' 

Bull. de I'A_l.lmp. de St.l',ilcrllbourg. tom. :lU. p. M9. 
11179. 
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The balr~ecayed or freeoh leaves which 
wonns intend to devour, arc dragged into the 
mouths of their burrows to a depth of from 
one to three inches, and UTe then moistened 
with a secreted fluid. It has been assumed 
that this fluid serves to basten their decay; 
but a large number of leaves were twice 
pulled out of the burrows of WOTms nnd kept 
for many weeks in a very moist atmosphere 
under a bell-glass in my study; and tbe parts 
which had been moistened by the WOrmB did 
not deca.y more quickly in any plain manner 
than tbe other parts. WllCll fresh leaves 
were given in the evening to worms kept in 
confinement and examined early on the next 
morning, therefore not many hours afwr they 
had been dragged into the burrows, the fluid 
with which they were moistened, when tested 
with neutrnllitmus paper, showed an alkaline 
reaction. This was repeatedly found to be 
the caso with celery, cabbugo and turnip 
leaves. Parts of the same leaves which had 
not been moit:\tened by the worms, were 
pounded with l\ few drops of distilled water, 
and the juice thus extracted WRS not alkaline. 
Some leaves, however, which had been drawn 
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into burrows out of doors, at an unknown 
antecedent period, were tried, and though still 
moist, they rarely exhibited even a. trace of 
alkalino reaction. 

Tho fluid, with which the leaves nre bathed, 
acts on them whilst they are frdsh or nearly 
fresh, in a remarkable manner; for it quickly 
kills and discolours them. Tbus the ends of 
a fresh carrot-leaf, wbich had been dragged 
into a burrow, were found after twol\'o hours 
of a. dark brown tint. Leaves of celery, 
turnip, maple, elm, lime, thin leaves of ivy, 
and occasionally those of the cabbage 'vere 
similarly acted on. 'fhe end of a leaf of 
Triticum rqJe1l8, still attached to a growing 
plant, had been drawn into a burrow, and 
this part was dark brown and dead, whilst the 
rest of the leaf was fresh and green. Several 
leaves of lime and elm removed from burrows 
out of doors were found affected in different 
degrees. The first change appears to be that 
the veins become of a dull roddish-ornnge. 
The cells with chlorophyll next lose more or 
lellS completely their green colour, nnd their 
contents finally become brown. 'fhe parts 
thus affected often appeared almost black by 
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reflected light; but when viewed as a trans­
parent object under the microscope, minute 
specks of light were transmitied, and this 
was not the case with the ullaffected parts 
of the same leaves. These effects, how­
ever, merely show that the secreted fluid is 
highly injurious or poisonolls to leaves; for 
nearly the same effects were produced in from 
ono 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 Corylna were much dis­
coloured by being kept for eighteen hours in 
pancreatic fluid, without any thymol. With 
young and tender leaves immersion in human 
saliva during rather warm weather, ncted in 
the same manner as the pancreatic fluid, but 
not so quick ly. The lea.ves in a.ll these cases 
often became infiltrated with the fluid. 

Large leaves from an ivy plant growing 
on a wall were so tough that they could not 
be gnawed by worms, but after four days 
they were affected ina peculiar manner bytbe 
secretion poured out of their mouths. The 
upper surfaces of the leaves, over which the 
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worms had CTawleJ, as Wall sho\vn by the dirt 
left on them, were marked in sinuous lines, 
by either a continuous or broken chain or 
wl1itish and often star-shaped dots, about 
2 mm. in diameter. The appearallce thus pre­
sented wag curiously like tlmt of a leaf, into 
which the larva of some minute insect had 
burrowed. But my son Francis, after making 
and examining sectionS: could nowhere find 
that the cell-walls had been broken down or 
that the epidennis had been penetrated. 
When the section passed through the whitish 
dots, the grains of chlorophyll were scen to 
be more or less discoloured, and some of tlle 
paliA.'l.de and mesophyll cells contained 
nothing but broken down granular matter. 
These effects must be attributed to the trans­
udation of the secretion through the epidermis 
into the cells. 

The secretion with which worlDS moisten 
leaves likewise acts on tf1e starch granules 
within the cells. My sou examined solDe 
Ie.wes of the ash and many of tho lime, 
which had Jallen off the trees and had been 
partly dragged iuto wo~m-burrows. It is 
known that with fallen lea.ves the starch-

llv'o C"molete Wort of Ch",," D" ....... ' nnl n .. 



42 lIADITS OF "ORlIS. CHAr . I. 

grains are preserved in the guard-cells of the 
stomaL'\. Now iu scvcra.i cnsos tho starch had 
rmrtially or wholly disappeared from these 
cells, in the parte which had boon moistened by 
the secretion; while they were still well pro­
served in tho other parts of tho 8.'\me leaves. 
Sometimes the starch was di8901ved ont of 
only one of the two guard-cells. The 
nucleus in olle caso had disappeared, together 
with the starch.granules. The mere burying 
of lime-leaves in damp earth for nine days 
did r.ot cause the destruction of the starch­
granules. On the other hand, the immersion 
of fresh lime and cherry leaves for eighteen 
hours in artificial pancreatic fiuid, led to the 
dissolution of the starch-granules in the guard­
cells as well as in the other cells. 

From the secretion with which the leaves 
are moistened being alkaline, and from its 
acting both on the starch.grnnules and on 
the protoplasmic contents or the cells, we 
may infer that it resembles in nature not 
8.'\ li \'3,· but pancreatic secretion; and we 
know from Frederi~ that a secretion of this 

• Cle.~rM. doubt.t .. betber . li ... lI_reted by .. arm.: _ 
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kind is found in the intestines of wonns. As 
the leaves which are dmW-d into the bur. 
rows are often dry and ehrivclled, it is in­
dispcnsa.ble for their disintcgmtion by the 
uuarmed mouths of worms thnt they should 
first be moistenod and softoned; and fresh 
leaves, however soft and tender they may be, 
are similarly treated, probably from habit. 
Tho result is thnt they are p.'lrti.'llly digested 
before they are taken into the aliment.'lry 
canal. I am not aware of any other case of 
extra-stomachal digestion baving been TO­

corood. The boa-constrictor bathes its prey 
with saliva, but this is solely for lubricating 
it. Perhaps the nearest analogy may be 
found in such plants as Drosem and Dionre.'l; 
for here anim.'ll matter is digested and con­
verted into peptone not within a stomach, but 
on the surf.'lCCS of the leaves. 

Calciferous Glant/s.-Those gl.'lnds (800 
Fig. I),judging from their size and from their 
rich supply of blood-vessels, must be of much 
importance to the anima1. But almost as 
many theories have been o.d.vanced on their 
use as there have been observers. They 
consist of three pairs, which in the common 
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cnrth~worm debouch into the alimentary 
canal in advance of the gi7.zard, but p0s­

teriorly to it in Urochtrea and some other 
genem.- The two posterior pairs are formed 
by lamelloo. which according to Clap.'lrede, 
aro diverticula from the w80phagus.t These 
lamcllro aro coatOO with a pulpy cellular 
layer, with the outer cells lying free in in­
finite numbers. If ouo of these glands is 
punctured and squeezed, a quantity of white 
pulpy matter exudes, consisting of these free 
cells. 'l'hoy are minute, and vary in diameter 
from 2 to G~. 'l'hey contain in their ccntresa. 
little excessively fine granular matter; bllt 
they look so like oil globules that CJaparede . 
and others at first treated them with ether. 
This produces DO effect; but they are quickly 
di880lved with effervescence iu acetic acid, 
and when oxalate of ammonia is added 
to the solution a white preeipit.'lto is thrown 
down. We may therefore conclude that 
they contain carbonate of lime. If the cells 

• 1'~nicr, 'Archives de Zoolog. exptr.' J Uly, 1874, ])]>. 416, 
419. 
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are immersed in a very little acid, they 
become more trnnsparent, look like ghosts, 
and are 800n lost to view; but if much acid 
is added, they dis.'1ppcar instantly. After a 
very large number have been diSIWlved, a 
f10cctllent residue is left, which apparently' 
consists of the delicate ruptured cell·walls. 
Tn the two posterior p.'\irs of glands the 
caroonnte of lime contained in the cells oc­
casionally aggregates into slDall rhombic 
crystals or into concretions, which lie be­
tween the lamellro; but I have seen only one, 
and ClaparCde only a very few such cases. 

The two anterior glands differ a little in 
shape from the four posterior ones, by being 
more oval. 'fhey differ also conspicuously in 
gencrnlly containing several small, or two or 
three larger, or a single very large concre­
tion of carbonate of lime, as much as U mm. 
in diameter. When a gland includcs only 
a few very small concretions, or, as sometimes 
happens, none at all, it is easily overlooked. 
The large concretions are round or oval, and 
exteriorly almost smooth. Qne was found 
which filled up not only the whole gland, as 
is often the case, but its neck; so that it 
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resembled an oiiVEH)i1 8ask in shape. Tbese 
concretions when broken are seen to be 
more or lese crystalline in structure, How 
they escape from the gland is a marvel; but 
that they do escape is certain, for they are 
often found in the gizi".ard, intestines, and 
in the castings of worms, both with those 
kept in confinement and those in a state of 
nature. 

Claparode says very littlo about the 
structure of the two auterior glands, and he 
supposes that the calcareous matter of which 
the concretions are formed is derived from 
the four posterior glands. fiut if an anterior 
gland which contains only sUlali concretions 
is placed in acetic acid and afterwards 
di&<>ected, or if sections are made of' such 
a gland without being treated with acid, 
lamellro like those in the poslcrior glands 
and coated with cellular matter could be 
plainly seen, together with a multitude of 
free calciferous cells readily soluble in acetic 
acid. When a gland is completely filled with 
a siugle large concretion, there are no free 
cells, as these have boon all consumed in 
forming the concretion. But if such a con-
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cretion, or olle of only moderat~Jy large size 
is disaolved in acid,much membranous matter 
is left, which appears to consist of the remains 
of the formerly active larnellru. Afl.cr the 
formation and expulsion of a large concretion, 
new lamellro must be developed ill somo 
manner. In one section made by my son, the 
process had apparently commenced, although 
the gland contained two rather large concre­
tions, for near the walls several cylindrical 
and oval pipes were intersected, which were 
lined with cellular matter and were quito 
filled with free calciferous cells. A great 
enlargement in one direction of several oval 
pipes would give rise to the lamcllru. 

Besides the free calciferous cells in which 
no nucleus was visible, other and rather 
larger free cells were seeD 011 three occasions; 
and these contained a distinct nucleus and 
nucleolus. They were only 80 far acted on 
by acetic acid that the nucleus was thus 
rendered more distinct. A very amaH COll­

cretion WM removed from between two of the 
lamellro within an anterior gland. It was 
embedded ill pulpy cellular matter, with 
many free calciferous cells, together with a 

It W f harl<!ls a InOnlme 
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multitude of the larger, free, nucleated cells, 
and these latter cells were not acted on by 
acetic acid, while the former were dissolved. 
From this and other such cases I am led to 
suspect that the calciferous cells are developed 
from the larger nucleated ones; but how 
this is effected was not ascertained. 

When an anterior gland conL-lins several 
minute ooncretious, some of these are generally 
angular or crystalline in outline, while the 
greater number are rounded with an irregu­
lar mulberry-like surface. Calciferous cells 
adhered to many parts of these mulberry-like 
masses, and their gradual disappearance could 
be traced while they still remained attached. 
It wn.s thus evident that the concretions are 
formed from the lime cont.1.ined within the 
free calciferous cells. As the smaller concre­
tions increase in size, they come into contact 
and unite, thus cnclosing the now functionless 
lamellm; and by such steps the formation of 
the largest concretions could be followed. 
Why the process regularly takes place in the 
two anterior glands, and only rarely in the 
four posterior glands is quite ullknown. 
Morren says that these glands disappear 
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during the winter; and I have seen sorne 
instances of this fact. and others in which 
either the anterior or posterior glands were 
at this season so shrunk and empty, that 
they could be distinguished only with much 
difficulty. 

With respect to the function of the ealci. 
ferous glands, it is probable that thoy pri­
marily serve as organs of excretion, and 
secondarily as an aid to digestion. Worms 
consumo many fallen leaves; and it is known 
that limo goes ou accumulating in leaves unti l 
they drop oft' the parent.-plant, instead of 
being re-absorbed into the stem or roots, like 
variou8 other organic and inorganic sub­
stances. - The ashes of a leaf of an acacia 
have been known to contain as much as 
72 per <:(lnt. of lime. Worms therefore would 
be liable to become charged with this earth, 
unless there were some special means for il.<l 
excretion; and the calciferous glands are 
well adaptcd for this purpose. The worms 
which live in mould close over the chalk, 
often have their intestines filled with this 
8ubst-'lIlee, and their castings are almost white . 

• Do VrioJ,' Lalll.h.irth. JlI.hrbllchcr,' 1881, ". 71. 
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Here it is evident that the supply of cui· 
careous matter must be superabundant. 
Nevertheless with several worms collected on 
sllch a site, the calciferous glands contained 
as many froo calciferous cells, and fully as 
many and large concretions, as did the 
glands of worms which lived where there was 
little or no lime; and this indicates that the 
lime is an excretion, and not a secretion 
poured into the alimentary c:mal for some 
special purpose. 

On the other hand, the following considera­
tions render it highly probable that the 
carbonate of lime, which is excreted by the 
glands, aids the digestive process under 
ordinary circumstances. LeaYcs during their 
decay generate an abundance of various kinds 
of acids, which have been grouped together 
under the term of humus acids. We shall 
have to recur to this subject in our £fth 
chapter, and I need here only say that these 
acids act strongly on carbonate of lime. The 
half-decayed leaves which are swallowed in 
such large quantities by worms would, there­
fore, after they have been moistened and 
triturated in the alimentary canal, be apt to 
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produce such acids. And in the case of 
IICverol worms, the contentaof the alimentary 
canal were found to be plainly acid, AS shown 
by litmus paper. This acidity cannot be 
attributed to the nature of the digestivo fluid, 
for pancreatic fluid is alkaline; and we have 
soon that the secretion which is poured out of 
the mouths of worms for the sake of pre­
paring the leaves for consumption, is likewise 
alkaline. The acidity can hardly be due to 
uric acid, as the contents of the upper part of 
the intestine were often acid. In one case 
the contcnts: of the gizzard were slightly acid, 
those of the upper intestines being more 
plainly acid. In another case the contents of 
the pharynx were not acid, those of the 
giz)'..nrd doubtfully so, while thoso of the in­
testine were distinctly acid at a distance of 
5 em. below tbe gizzard. Even witb the 
higher herbivorous and omnivorous animals, 
the contents of the large intestine are acid. 
"This, however, is not caused by any acid 
.. secretion from the mucous membrane; the 
.. reaction of the intestinal walls in the larger 
.. as in the small intestine is alkaline. It 
" must therefore arise from acid fennentatiolll<. 

" 2 
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I< going on in the contents themselves . . . . 
" In Carnivora the contents of the coccum 
<I are said to be alkaline, and naturally the 
"amount of fermentation will depend largely 
"on the nature of the food ... • 

With worms not only the contents of the 
intestines, but their ejected matter or the 
castings, are generally acid. Thirty castings 
from different places were tested, and with 
three or four exceptions 'vera found to be 
acid; and the exceptions may have been due 
to such castings not having been recently 
ejected; for some which were at first acid, 
were on the following morning, after being 
dried and again moistened, no longer acid; 
and tbis probably resulted from the humus 
acids being, as is known to be the case, easily 
decomposed. Five fresh castings from worms 
which lived in mould close over the chalk, 
were of a whitish colour and abounded ,,;th 
calcareous matter; and these were not ill 
the least acid. This sbows how effectually 
carbouate of lime neutraliscs the intestinal 
acids. When worms were kept in pots filled 

"It. FOIIw,'AText-Ilook of Phy.iology,' 2Dd ediL 1878, 
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witb fine ferruginous sand, it was manifest 
that the oxide of iroD, with which the grains 
of silex were coated, had boon dissolved and 
removed from them in the castings. 

The digostive fluid of worms resembles in 
its nction, as alrea.dy stated, tbe pancreatic 
secretion of tbe higber animals; and in tbese 
latter, "pancreatic digestion is e89Cntially 
.. alkaline; tbe action will Dot take place 
"UnJC89 some alkali be present; and the 
"activity of aD alkaline juice is arrested by 
.. acidification, and hindered by neutraliza­
"tiOIl ... • Therefore it seems higbly probable 
that the iDllumerable calciferoua cells, which 
arc poured from the four poatcrior glands 
into the alimentary canal of worma, serve to 
neutralise more or less completely the acids 
tbere generated by the half-decayed leaves. 
We have BOCn that these cells are instantly 
dissolved by a small quantity of acetic acid, 
and as they do not always suffice to neu­
tralise the oontenb! of even tbe upper part of 
the alimentary canal, the lime ia perhaps 
aggregated into concretions in the anterior 
pair of glands, in order that some may be 
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carried down to the }XJSterior parts of the 
intestine, where these concretions would be 
rolled about amongst the acid contents. The 
concretions found in the intestines and in the 
castings often have a worn appearance, but 
whether this is due to some amount of 
attrition or of chemical corrosion could not 
be told. Claparcde believes that they are 
formed for the sake of acting as mill-stones, 
and of thus aiding in the trituration of the 
food . They may give some aid in this way; 
but I fully agree with Perrier that this must 
be of quite subordinate importauce, seeing 
that the object is already attained by stones 
being generally present in the gizzards and 
intestines of worms. 

W Ii< rw n nli 
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CHAPTER II. 

U ABITS OF WORlIS-CQntinued. 

lLt.oner in whleb womu.aU! objtlCt.-Tht ir l)Ower 01 auctioo­
The iUlinet of plugging up the moult.. of tbeir bu~ 
S_ riled oyer tbia buno_Thtt IIdYr.Dtapllhl1l pillOO­
InteUigeoOl l bown by trormlin their manoerofplllggingup 
thcirbu~V.riowIltioo.oflet.\·Mandotherob;e.ct.thtlS 
wed- Triangls of .. per-8ummary of reuJU for believing 
that worm. uhibi t .own inten~D(l6-.MO&Il' by wblch they 
e~Y&tf! their burrows, by pusbing a"ay the .rlb .nd 1JWA1-
lowing it-~':'rth .1.0 I wallowed for the Dut ritiOU' maUer 
which It contai"-lA!pth to which worm. burrow, Rlid the 
oollUruclion of their burrowa-Burroq lined with ca.ting., 
*>ldiutheupperpartwithleav_'l'helu .... tll.rtjlllved .. ith 
little ._ or -'_}f.apner hI wbich tbe CNlinp IlM 
fjected-1'hloolbpeeofoldbnrrow_Di'tributionof1rOl'!Wl_ 
Tower-like CUllop in Bengal-Gigantic c::utillp on the 
Nilgiri MouowDll-OultiupejecteoiillaJlooulltrilllL 

b; the pots in which worms were kept, 
leaves were pinned down to tho soil, and 
at night the maDDer in which they were 
seized could be observed . The worms always 
onde..w oured to drag tho leavc!:! towards thcir 
burrows ; and they tore or Bucked off small 
rmgrnents, whenever tbe leaves were sllffi· 
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ciently tender. They generally seized the 
thin edge of a leaf with their mouths, between 
the project.ing 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 resist-mee for the upper lip. In the case 
of broad Bat objects they acted in flo 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 3S 

the rest of the body. This part could then 
be seen to swell a little; and tllis, I believe, 
is due to the pharynx being pushed a little 
forwards. Then by a slight withdrawal of 
t.he pharynx or by its expansion, a vacuum 
was produced beneath the truncated slimy 
eud of the body whilst in contact with the 
object; and by this means the two adhered 
firmly together.- That under these circum~ 
stances a vacuum was produced was plainly 

• C1apouMe remarK. (' Zeit&cbrin fUr WUDl!Chlft. Zoolog.' 
U.19, lS69,p.G02)tbatthepharYIIJ:appeanfromiu~tructul"1.' 
to be adapted for ~uetioD. 
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seen on one occasion, when a large worm 
lying beneath a flaecid cabbage leaf tried to 
drag it away: for the smface of the leaf 
directly over the end of the worm's body 
became dooply pitted . On another occasion 
a worm suddenly lost its hold on a flat leaf: 
and the anterior end of the body wns momen­
tarily seen to be cup-formed. Worms can 
attach themselves to an object beneath water 
in the same manner; and I saw one tbus 
dragging away a submerged slice of an 
onion-bulb. 

'l'he edges of fresh or nearly fresh leaves 
affixed to the ground were oftcn nibbled by 
the worIllfl; and sometimes the epidermis and 
all tllC parenchyma on one side was gnawed 
completely away o,Ter a considerable spa.oo; 
the epidennis alone on the opposite side 
being left quite clean . The veins were 
never touched, and leaves were thus some­
times partly converted into skeletons. As 
worms have no teeth and as their mouths 
collsist of vcry soft tissue, it may be pre­
sumed that they consume by means of suction 
the edges and the parenchyma of fresl} 
leaves, after they ha'~e boon softened by the 

The I t 
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digClllivo Ruid. They Cl\llllot attack such 
strong leaves as those of sea-kale or lar~ 

and thick leaves of ivy; though ooe of the 
latter after it had become rotten was reduced 
in parts to the state ora skeleton. 

Worms seize leaves and other objects, not 
only to serve as food, but for plugging up 
tbe mouths of their burrows; aud this ii; 
ono of their strongest instincts. Leaves anu 
petioles of many kinds, some fiower-pedunw 
des, often decayed twigs of trees, bits of 
paper, feathers, tufts of wool and horse-hairs 
arc dragged into their burrows for this pur­
pose. I have seen as many us seventeen 
petioles of a Clematis projecting from the 
mouth of one burTow, and ten from the 
mouth of another. Some of these objects, 
auch as the petioles just namoo, feathers, &c., 
are nover gnawed by worms. In a gravel 
walk in my garden I round many hundred 
leavcs or a pine·tree (P. alUliriaca or nigr~ 
Call.!) drawn by thcir bases into burrows. 
The surrnces by which thcse 1c.'Wcs are articu­
la1cd to the branches are shaped in as pecu­
liar a manner as is the joiot between the leg­
bones or a quadruped; and ir theoo surraces 
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had been in tbe least gnawed, tbe f.'lct would 
have been immediately visible, but there was 
110 trace of gnawing. Of ordinary dicotyle­
donous leaves, all those which are dragged 
into burrows are not gnawed. I have soon 
as many as nine leaves of tile lime-tree 
drawn into the same burrow, and not nearly 
0.11 of them had been gnawed; but such 
Jenves may serve as a store for futuro con­
fJumption. Where fallen leavcfJ are abun­
dant, many more are fJometimC8 collccted 
over tho mouth of a burrow than can be 
used,80 that a small pile of unused leaves is 
left like a roof over those which have been 
partly dragged in. 

A leaf in being dragged a little way into 

a cylindrical burrow is necessarily much 
folded or crumpled. When another leaf is 
drawn ill, this is done exteriorly to the first 
one, and 80 011 with the succeeding Icaves j and 
finally all become closely folded and pressed 
together. Somctimcs the worm enlarges the 
mouth of its burrow, or makes a frcsh one 
close by, 80 as to draw in a still larger number 
of leavos. They often or generally fill up tho 
interstices between the drawn-in leaves with 
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moist viscid earth ejected from their bodies; 
and thus the mouths of the burrows are 
securely plugged. ITundreds of such plugged 
burrows may be seen in many places, 
especially during the autumnal and early 
winter months. But, as will hereafter be 
shown, leaves arc dragged into the burrows 
not only for plugging them up and for food, 
but for the sake of lining the upper part or 
mouth. 

When worms cannot obtain leaves, petioles, 
sticks, &c., with which to plug up the mouths 
of their burrows, they often protect them by 
little beaps of stones; and such beaps of 
smooth rounded pebbles may frequently be 
seen on gravel-walks. nere there cun be no 
que;:;tion about food. .A. lady, who was in­
terested in the habits of worms, removed the 
little beaps of stones from the mouths of 
several burrows and cleared the surface of the 
ground for some inches all round. She went 
out on the following night with a lantern, 
and &'l.W tbe worms with their tails fixed in 
their burrows, dragging the stones inwards 
by the aid of tbeir mouths, no doubt by 
suction. "After two nights some of the 
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"holes had 8 or 9 small stones over 
"them; after four nights one had about 
.. 30, and another 34 stones."· One stone 
wh ich had been dragged over the gravel.walk 
to the mouth of a burrow weighed two 
ounces j and this proves how strong worms 
arc. But they show greater strength in some­
times displacing stone!:! in n. well·trodden 
gl'll.\'el.walk; tha.t 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. 
self observed. 

Work of this kind is usually performed 
during the night; but I have occasionally 
known objects to be drawn into the burrows 
during the day. What advantage the worIll8 
derive from plugging up the mouths of their 
burrows with leaves, &:c., or from piling 
stones over them, is doubtful. 'fhey do not 
act ill this manner at the times wben they 
eject much earth from their burrows; for their 
castings then serve to cover the mouth . 
When gardeners wish to kill worms on a 

• AlllIOOQUlltofberot-rvatioruillg:i.ell in lbe , Oardel>\lT1l' 
Cbroniok,'MaIcb 28lb,l868,p. 324. 
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lawn, it is necessary first to brush Or rake 
away the castings from the surface, in order 
that the lime-water may enter the burrows.­
It might be inferred from this fact that the 
mouths are plugged up with leaves, doc., to 
prevent the entrnnce of water during hea.vy 
min; but it may be urged against this view 
that a few, loose, weB-rounded stones are ill· 
adapted to keep out water. I ha.ve moreover 
seen ma.ny burrows in the perpendicularly 
cut turf-edgings to gravel-walks, into which 
wa.ter could hardly flow, as weU plugged as 
burrows on a level surface. Can the plugs 
or piles of stones aid in concealing the bur­
rows from scolopenders, which, according 
to Hoffmeister, t are the bitterest enemies of 
worms? Or may not WOrms when thus pro­
tected be able to rema.in with safety with 
their heads close to the mouths of their bur­
rows, which we know that they like to do, 
but which costs so many of them their lives? 
Or may not the plugs check the froo ingress, 
of the lowest stratum of air, when chilled by 

• Loodon', 'Oanl. !.It.g.'uiip.2t6. M qllOttldiQt!>e'C&ta­
toguc 01 the firiti,h M ..... m Worm,,, 1865, p. 827. 
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radiation at night, from the surrounding 
ground and herbage. I am inclined to be­
lieve ill this latter view; firstly, because when 
worms were kept in pots in 1\ room with a 
fire, in which case cold air could not enter the 
burrows, they plugged them up in a slovenly 
manner; and secondarily, because they often 
coat the upper part of their burrows with 
leaves, apparently to prevent their bodies from 
ooming into close contact with the cold damp 
earth. But the plugging-up llTOCCse may 
perhaps serve for all the above purposes. 

Whatever the motive may be, it appears 
that worms much dislike leaving the mouths 
of their burrows open. Nevertheless they 
will reopen them at night, whether OT Ilot 
they can afterwards close them. Numerous 
open burrows may be seen on recently-dug 
ground, for in this case the worms eject their 
awtings in cavities left in the ground, or ill 

the old burrows, instead of piliug them over 
the mouths of their burrows, and they cannot 
collect objects Oil the surface by which the 
mouths might be protected. So again on a. 
recently disinterred pavement of a Roman 
villa at .A.bingcr (hereafter to be described) 
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the worms pertinaciously opened their bur­
rows almost every night, when these had 
been closed by Leing trampled on, although 
they were rarely able to find a few minute 
stones wherewith to protect them. 

In.telligence s!lOwn by worm.s ill tltdr mmmer 
of plugging up theirburrows.-If a man had to 
plug up a small cylindrical hole, with !:lUch 
objects as leaves, petioles or twigs, he would 
drag or push them in by their pointed ends; 
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 esp&­
cially desirable to do this in the case of plants 
not natives to our country; for although the 
habit of dragging leavcs into thcir burro'''8 
is undoubtedly instinctive with worms, yet 
instinct could not tell them how to act in 
the c..'\Se of leaves about which their pro­
genitors knew nothing. If, moreover, worms 
acted solely t.hrongh instinct or an unvary-

Th f hrl 
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iug inherited impulse, they would dmw 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, b.'\se 01' middle was 
seized. If both these alternatives are ex­
cluded, intellib~nce alone is left; unless the 
worm in each casc first tries many differenl 
methods, and follows t11at alone which 
proves possible or the most easy; but to act 
in this manner and to try different methods 
makes a near approach to intelligence. 

In the first place 227 withered leaves of 
various kinds, mostly of English plants, were 
pulled out of worm-burrows in se\'cral places. 
Of these, 181 had been drawn into tbe 
burrows by or ncar tJleir tips, so that the 
foot-stalk projected nearly upright from the 
mouth of the burrow; 20 had been drawll ill 
by their bases, and in this casc the tips pro­
jected from the burrows; and 26 had been 
l!eized ncar the middle, so that tbese had 
been drawn in transversely and were much 
crumpled, 'l'herefore 80 PCI' cent. (always 
using tbo nearest whole number) had been 
drawn in by the tip, 9 per cent, by the base 
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or rootstalk. and 11 per cent. transversely or 
by the middle. This alone is almost suffi­
ciont to show that chanco does not determine 
the manner in which leaves aTC dragged into 
the burrows. 

Of the above 227 leaves, 70 consisted of 
the fallen leaves of the common lime· tree, 
which is almost certainly not a native of 
England. These leavos are much acumin­
nted towams tbe tip. and are YCTy broad at 
the base with a well-developed foot-stalk. 
'fhey are thin and quite flexible when half. 
withered. Of the 70, 79 per cent. had been 
drawn in by or ncaT the tip; 4 per cent. 
by or ncar the base; and 17 per cent.. trans­
versely or by the middle. Those proportions 
agree very closely, as far as the tip is COIl­

cerned, with those before gi,·cn. But the per­
C61lt.'\ge drawn in by the Lase is smaller, which 
may be attributed to the breadth of the bas .. \1 
part of the blade. We here, also, see that the 
prescnce of a foot-stalk, whieh it might have 
been expected would have tempted the Worm!! 
as a convenient handle, has littlo or no in­
Allence in determining the manner in which 
lime leaves are dragged into the burrows. 
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'1'he considerable proportion, viz., 17 per 
cent., drawn in more or less transversely 
depends no doubt on the Bexibility of these 
half-decayed leaves. The fact of so many 
having been drawn in by the middle, and of 
some few 11aving heen drawn in by the base, 
renders it improbable that the worms first 
tried to draw in most of the leaves by one or 
both of these met.hods, and that they after­
wards dre\v in 79 per cent. by their tips; 
fOT it is clear that they would not have failed 
in drawing them in by the base or middle. 

'l'he le..wcs of (\ foreign plant were next 
searched fOT, the blades of which were not 
more pointed towards the apex than towards 
the base. 'I'his proved to be the case with 
those of a. laburnum (a hybrid between 
CytmL8 alpinus and laburnum) fOT on doubling 
the terminal over the basal half, they br-ene­
rally fitted exactly; and when there was 
any difference, the basal half was a little the 
narrower. It might, therefore, have been 
expected that an almost equal Ilumber or 
these leaves would have been drown in by the 
tip and base, or a slight excess in favour of 
the latter. But of 73 leaves (not included in 
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the first lot of 227) pulled out of worm­
burrows, 63 per cent. had been drawn in by 
the tip; 27 per cent. by the base, and 10 per 
cent. transversely. We here see that a far 
larger proportion, viz., 27 per cent. were 
urawJl in by the base than in the case of 
lime leaves, the blades of which are very 
broad at the base, and of which only 4 per 
cent. had thus been drawll in. We may 
perhaps account for the fact of a still larger 
proportion of the laburnum Ie.wes not l1av­
illg been drawn in by the base, by worms 
having acquired the habit of generally draw­
ing in leaves by their tips and thus avoid­
ing the foot.-stalk. For the basal margin of 
the blade in many kinds of leaves forms a 
large angle with the foot-stalk; and if such a 
leaf were drawn ill by the foot-stalk, the basal 
margin would come abruptly into contact 
with the ground on each side of the burrow, 
and would render the drawing in of the leaf 
very difficult. 

Nc\·crthcles.s worms break through their 
habit of avoiding the footstalk, if this part 
otTers tbem the most CQllvenieot means for 
drawing leaves ioto their burrows. The le~l\'es 
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of the endless hybridised varieties of the 
Rhododendron vary much in shape; some are 
narrowest towards the base and others to­

wards the apex. After they have fallen off, 
the blade on each side of the midrib often 
becomes curled up while drying, sometimes 
along the whole length, sometimes chiefly 
at the base, sometimes towards the apex. 
Out of 28 fallon leavos on olle bed of pen.t in 
my garden, no less than 23 were narrower in 
the basal quarter than in the terminal quarter 
of their length; and this narrowness was 
chiefly due to the curling in of the mnrgins. 
Out of 36 fallen leaves on another bcd, in 
which different varieties of the Rhododendron 
grew, only 17 were narrower t-owards the 
base than towards the apex . My sou William, 
who first called my attention to this case, 
picked up 237 fallen leaves in his garden 
(where the Rhododendron grows in the 
natural soil) and of these 65 per cent. could 
have been drawn by worms into their bur­
rows more easily by the bnse or foot"stalk 
than by the tip; and this was partly due to 
the shape of the leaf and in a less degree 
to the curling in of the margins: 27 per 
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cent. could have been drawn in more easily 
by the tip than by the base; and 8 per cent. 
with about equal ease by either end. The 
shape of a fallen leaf ought to be judged 
of before one end has been drawn into a 
burrow, for after this has happened, the free 
end, whether it be the base or apex, will dry 
more quickly than the end embedded in the 
damp ground; and the exposed margins of 
the free end will consequently tend to become 
more curled inwards than they were when 
the leaf was first seized by the worm. My 
son found 91 leaves which had been dragged 
by worms into their burrows, though not to a 
great depth; of these 66 per cent. had been 
drawn in by the base or foot-stalk; and 34 
per cent. by the tip. In this case, there­
fore, the 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 ha.bit of avoiding 
the foot-st.1.Ik. 

On the gravel.walks in my garden a. very 
large Humber of leaves of three species of 
Pinus (P. austriaca, nigrica118 and SY/I.!estris) 
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arc regularly drnwn into the mouths of worm­
burrows. These leaves consist of two needles, 
which arc of considerable length in the two 
first and short in the lallt named species, and 
are united to a common base; and it is by this 
part that they are almost invariably drawn 
into thc burrows. I have seen only two or 
at most three exceptions to t.Lis I'ule with 
worms ill a state of nature. As the sharply 
pointed needles diverge a little, nnd as 80veral 
leaves are drawn into the s,'l.me burrow, each 
tuft forms a perfect chevaux de frist. On two 
QCC,'l.siol1s many of these tufts were pulled up 
in the cYcning, but by the following morning 
fresh leaves had beeu pulled in, and the 
burrows wcre again well protected. These 
leaves could not be dragb"Cd into the burrows 
to any depth, cxcept by their bases, as n 
worm cannot seil'..c hold of the two needles at 
the samc time, and if cne alone were seized 
by the apex, the other would be pressed 
against the ground and would resist the 
entry of thc seized olle. This was manifest 
in thc aoove mentioned two or three excep­
tional c.'l8es. In order, therefore that worms 
should do their work well, they must drag 
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pine-leaves into their burrows by their bases, 
where the two needles are conjoined. But 
how they are guided in this work is a per­
plexing question. 

This difficulty led my SOil Francis and my­
aclf to observe worms in confinement during 
several nights by the aid of a dim light, while 
they dragged the !cayes of the above named 
pinet! in~ their burrows. They moved the 
anterior extremities of their bodies about the 
lea"e~ and on severnl occasions wben they 
touched the sharp end of a needle they with­
drew suddenly as if pricked. But I doubt 
wllcther they wcrc burt, for they are indif­
ferent to very sharp objects, and will swallow 
even rose-thorns and small splinters of g lass. 
Ct may also be doubted, whether the sharp 
ende of the needles serve to teU them that 
this is the wrong end to seize; for the points 
were cut off many leaves for a length of 
about one inch, anu fifty-seven of them thus 
trented were drawn into the burrows by 
their bases, and not one by the cut-o£f ends. 
The worms in confinement often seized the 
neodles near the middle and drew them to­

wards the mouths of their burrows; and one 
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worm tried in a senseless manner to drag 
them into the burrow by bending them. 
They sometimes collected many morc lea\·cs 
ovcr the mouths of their burrows (as in the 
case fOl1nerly mentioned of lime-leaves) than 
could enter them. On other occnsions, how­
ever, they behaved very differently; for as 
soon ag they touched the base of a pine-leaf, 
this was seized, being somctimes completely eu­
gulfed in their mouths, or a point vcry near 
the base Wag seized, and the leaf was then 
quickly dragged or rather jerked into their 
burrows. It appeared both to Illy son and 
myself as if the worms instantly perceived 
as soon as they lmd seized a leaf in the proper 
manner. Nine such cascs were observed, 
but in one of them the worm failed to drag 
the leaf into its burrow, as it was entangled 
by other leaves lying near. In another case 
a leaf stood nearly upright with the points of 
the needles partly inserted into a burrow, but 
how placed therc was not seen; and then the 
worm reared itself up and seized the base, 
which was dragged into the mouth of the 
burrow by bowing the whole leaf. On the 
other hand, afler a worm had seized the base 
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of a leaf, this was on two occasions relin­
quished from some unknown moti\'c • 

.A.s 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 oue of my 
pots, dragged for some little distance a Scotch. 
fir leaf, one needle of which was 3S 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 
maDDer of dragging pine-leaves into the 
burrows can be instinctive with our worms. 
But as the worms on which tbe above obser­
vations werc made, werc dug up benooth or 
Dcaf some pines, which had been planted 
there about forty years, it was desirable to 

prove that their actions were not instinctive. 
Accordingly, l>ine-Jeaves were scattered on 
the ground in placcs far removed from any 
pine-tree, and no of them were drawn into 
the burrows by their bases. Only two were 
drawn in by the tips of the needles, and these 
were not real exceptions, 38 ono was drawn 
in for a very short distance, and the two 
needles of the other cohered. Other pine-
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leaves were given to worrus kept in pots in a 
warm room, and here the result was different; 
for out of 42 leaves drawn into the burrows, 
no less than 16 were drawn in by the tips 
of the needles. These worms, however, 
worked in a ca.reless or slovenly lllanner; 
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 wero drawn in. I believe 
tlmt this carelessness may be l\CCOunted for 
by the air of the room being warm, and the 
worms consequently not being anxious to plug 
up their holes effectually. Pots tenanted 
by worms and covered with a net which 
allowed the entrance of cold air, were left 
out of doors for several nights, and now 72 
leaves were all properly drown in by their 
basco. 

11 might perhaps be inferred from tho facts 
as yet given, that worms somehow gain a 
general notion of the shape or structure of 
pine leaves, and perceive that it is 116Cessary 
for them to seize the base where the two 
needles are conjoined. But the following 
cases make this more than doubtful. The 
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tips of a large Dumber of needles of.P. austriaca 
were cemented together with shell-lac dis­
solved in alcohol, and werc kept for some 
days, until, as I believe, all odour or t'lste bad 
been 10000t; and they were then scattered on 
the ground where no pine-trOO8 grew, Dcar 
burrows from which the plugging bad been 
removed. Such leaves could have boon drawn 
into the burrows with equal ease by either 
end; and judging from analogy and more 
espceially from the case presently to be given 
of the petioles of Clematis montana, 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 hur­
rows, 108 were drawn in by their bases. and 
only 13 by their tips. Thinking that the 
worms might possibly percci,'o and dislike the 
/filell or taste of the shell-lac, though this 
was very improbable, especially after the 
leaves had boon left out during severnl nights, 
the tip8 of the needles of many leaves were 
tied together '''ith fiue thread. Of leaves 
thus treated 150 were drawn into burrows-
123 by the base and 27 by the tied tips; so 
that between four and five times as many were 
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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 largcr propor~ 
tiona I number by the tips than when cement 
was used. Of thc leu\'cs with tied and 
cemcnted tips t..'\ken together (271 ill 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 u st'lte of nature 
almost invariably to drag pine-leaves into 
their bUl"rows by the base. Nor call it be the 
sharpness of the points of the nccdles which 
determines them; for, as we have SOOTl, many 
leaves with the points Cllt off were drawn in 
by thcir bases. We are thu8100 to concl ude, 
that with pine-leaves thcrc must be something 
attractive to worms in the base, notwithstand~ 
ing that few ordinary leaves are drawn in by 
the baso or footstalk. 

Petioles.-We will now turn to the petioles 
or foot-stalks of compound leaves, after the 
leaflets have fallen off. l'hoSQ from Clematis 
mQ1!tana, which grew over n. verandah, were 
dragged early in January iu large numbers 
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into the burrows on au adjoining gravel· 
walk, lawn, and Bower-bed. These petioles 
vary from 2! to 4! inches in length, are 
rigid and of nearly uniform thickness, except 
close to the base where they thicken rather 
abruptly, being here about twice as thick as 
in any other part. 'l'he apex is somewhat 
pointed, but Boon withers and is then easily 
broken ofT. Of these petioles, 314 were pulled 
out of burrows in the above specified sites; 
and it was found that 76 per cent. had been 
drawn in by their tips, and 24 per cent. by 
their bases; so that those drawn in by the 
tip were a little more than thrice as many 
as those dmwn in by the base, Some of those 
extracted from the well-beaten gravel-walk 
were kept separate from the others; and of 
these (59 in number) nearly five times as 
many had been drawn in by tbe 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 
necessary 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 to one. That these 

c The Complete Work of Charles Darwin Online 



Ca.l,. II. TllElR IKTELLlGENCE. 79 

petioles had been dragged into tbe burrows 
for plugging them up, and not for food, 
was manifest, as neither end, as far as I 
could sec, had been gnawed. .As several 
petioles arc used to plug up the Slime burrow, 
in one case as many as 10, and in another 
case as many as 15, the worms may perhaps 
at first draw in a few by the thicker end 80 

as to a:\ve labour j but afterwards a large 
majority are drawn in by the pointed end, in 
order to plug up the hole securely. 

The fallen petioles of our native ash·tree 
were next observed, and the rule with most 
objects, viz., that a large majority are dragged 
into the burrows by the more pointed end, had 
not here been followed; and this fact much 
surprised me at first. 'l'hese petioles vary in 
length from 5 to 8! inches; they arc thick 
Bud Jlcshy towards the base, whence they 
taper gently towards the apex, which is a little 
enlarged and truncated where the teminal 
Ie.'lflet had been originally att.'lched. Under 
some ash-trees growing ill a grass-field, 229 
petioles were pulled out of WOI"Ill burrows 
early in January, and of these 51'0 per cent. 
bad been drawn in by the base, and 48'5 per 
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cent. by the apex . This anomaly was how­
over readily explained as SOOD as the thick 
basal part was examined; for in 78 out of 103 
petioles, this part had been gnawed by wonns, 
just abo,tc the horee-shoe shaped articulation. 
Tn most cases there could be no mistake about 
the gnawing; fOT ungnawed petioles which 
were examined after being exposed to the 
weather for eight additional weeks had not 
become more disintegrated or decayed ncar 
the base than elsewhere. It is thus evident 
that the thick basal cnd of the petiole is 
drawn in not solely for the sake of plugging 
up tbe mouths of the burrows, 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 weTe 
examined for this purpose. Worms, after 
having drawn in and gnawed the basal eud, 
often push the petioles out of their burrows; 
and then drag in fresb onCil, either by 
the base for food, or by the apex for plug­
ging up the mouth more effectually. Thus, 
out of 37 petioles inserted by their tips, 
5 had been previously drawn in by the 
base, for this part had been gnawed. Again. 
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I collected a handful of petioles ly ing loose 
on the ground close to some pluggro-up bur­
rows, where the surface was tllickly strewed 
with other petioles which app..'lrcntly had 
never been touched by worms; and 14 out 
of ,17 (i.e. nearly one-third), after having 
had tlleir bases gnawed had been pushed 
out of the burrows and were now lying on 
the ground. From these several facts we 
may conclude that worms dm'-Y ill some 
petioles of the a.ah by the base to scrve a.a 
food , and others by the tip to plug up the 
moutlls of their burrows in the most efficient 
manlier. 

The petioles of Robinia pseudo-aracia vary 
from ... or 5 to nerl.riy 12 inches in length; 
they are thick close to the base before the 
IlOftcr parts have rotted off, and taper much 
towards the upper end, They are 80 flexihle 
that I have seen some few doubled up and 
thus drawn into the burrows of worms. Un­
fortunately these petioles were not examined 
until February, by which time the softer parts 
had completely rotted off, so that it was im­
possible to ascertain whelher worlllS had 
gnawed the ba.ies, though this is in itself 
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probable. Out of l21 petioles extracted froro 
burrows early in February, 68 were embedded 
by tho base, and 53 by the apex. On 
February 5 all the petioles which had been 
drawn into the burrows beneath a Robinia., 
werc pulled up; and after an interval of 
eleven days, 35 petioles had been again 
dragged in, Ul by the base, and 16 by the 
apex. Taking these two lots together, 5G 
per cent. were drawn in by the base, and 44. 
per oont. by the apex. As all the softer parts 
had long ago rotted off, we may feel sure, 
cspceially in the latter case, that none had 
been dra.wn in as food. At this season, there­
fore, worms drag these petioles into their 
burrows indifferently by either end, a slight 
preference being given to the base. This 
latter fact may be accounted for by the diffi­
culty of plugging up a burrow with objects so 
extremely thin as are the upper ends. In 
support of this view, it may be stated that out 
of the 16 petioles which bad been dnlwn 
in by their upper ends, the more atbmuated 
terminal portion of 7 had been previously 
broken off by some accident. 

Triangles of paper.- Elongared triangles 
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were cut out of moderately !:Itiff writing-paper, 
which wns rubbed with raw fat 011 both sides, 
80 as to provent their becoming excessively 
limp when exposed at night to rain l'md dew. 
'1'he sides of all the triangles were three 
inches in length, with the bases of 120 one 
inch, and of the other 183 half an inch in 
length. These latter triangles were very 
narrow or much acuminated,- .As a check 
on the observations presently to be given, 
8imilar triangles in a damp state were seized 
by a vcry narrow pair of pincers at differcnt 
points and at all inclinations with reference 
to tIle margins, and were then drawn into 
a short tube of' the diameter of a worm­
burrow. If scized by the apex, the triangle 
was drawn straight into the tube, with its 
margins infolded; if seized at BOrne littlo 
di",tanoo from the apex, for instance at half 
an inch, this Illuch wns doubled b.'lck within 
the tube. So it was with the base and basal 
angle~, though in this case the triangles 
oifcl't.>d, as might have been expected, much 

- lnth_ narrowtrianglettheapiI)(lIRngleiI9°31',Rndtbe 
bu...J.ngl81 85~ l:r. lu the bro.der tria,,;;l81 tht apial Rugl~ i, 
iWo LO'.ud the bnal &1l;;l .. 8(f:!.'i'. 
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more resistance to being drawn in. If seized 
ncnr tho middle the trirUlgle was uoublcd up, 
with the apex o.nd base left sticking Ollt of the 
tube. As the siues of the triangles were 
three inehe8 in length, the result of their 
being drnwn into 0. tube or into a burrow 'in 
different wuys, may be com'euiently divided 
into three groups: those drawn in by the 
apex or within an inch of it; thOlSe drawn in 
by the base or within an inch of it; and those 
drawn in by any point in the middle inch. 

In order to sec how the triangles would be 
seized by worms, some in a damp state were 
given to worllls kept ill confinement. '1'he1 
were seized in three different nuumers in the 
case of both the narrow and brood triangles : 
viz., by the margin; by one of the three 
angles, which was often completely engulfed 
in their mouths; and lastly, by suction applied 
to any part of the flat surfilce. If lines 
parallel to the base and an inch apart, lire 
drawn across 0. triangle with the tlides three 
inches in length, it will be divided into three 
parts of equal length. Now if worms seized 
indifferently by chance any part, they 
would assuredly seize 011 the basal part or 
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division far oftener than on either of the two 
other divisiolls. For the area of the basal to 
the apical part is as 5 to 1, so that tlle 
chance of the former being drawn into a 
burrow by suction, will be as 5 to 1, compared 
with the apical part. Tho b.."\.&e olfers two 
anglcs and tho apex only one, so that the 
fonner would have twice as good a chance 
(independently of the size of the angles) of 
being engulfed in a worm's mouth, as would 
the apex. It should, however, be stated that 
tho apical angle is not often seized by worms; 
the margin at a little distance on either side 
being preferred. I judge of this from having 
found in 40 out of 46 cases ill which trio 
angles had been drawn into burrows by their 
apical ends, that the tip bad been doubled 
back within the burrow for a length of 
betwoon ~(i"th of an incb and 1 inch. Lastly, 
the proportion between the margillsofthc basal 
and apical parts is as 3 to 2 for tho broad, 
and 2! to 2 for the narrow triunglcs. From 
these several considerations it mightoortainly 
bave becn expected, supposing that worms 
llCizcd hold of tbe triangles by chance, tbat a 
considera.bly larger proportion would ha.ve 

The C .. mDlete Work of Charles arwll Onlin 



86 HABITS OI.' WORMS. CHAP. n. 

been drul;ged into the burrows by the bas."d 
than by the apical part; but we shall im­
mediately see how different was the result. 

'l'riangles of the above specified sizes wore 
scattered on the grolmd in many places and 
on many successive nights near worm-bur­
rows, from which the leaves, petioles, twigs, 
&c., with which they had been plugged, were 
removed. A.ltogether 303 triangles weTC 

drown by worms into their burrows: 12 others 
wore drawn in by both cnds, but as it was im­
possible to judge by which end they had been 
first seized, these are excluded. Of the 303, 
62 per cent. had been drawn in by the npex 
(using this term for all drawn in by the 
apical part, oue inch in length); 15 per cent. 
by the middle; and 23 per cent. by the basal 
part. If they had been drawn indifferently 
by ::my point, the proportion for tho apical, 
middle and bas. .... l parts would Imve 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 tllC basal than by any other part. As tho 
case sw.nds, nearly three times as many were 
drawn in by the apex as by the base. If we 
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consider tho broad triangles by themselves, 
50 per cent. were drawn ill by the apex, 25 
per cent. by tile middle, and 16 per cent. by 
the base. Of the narrow triangles, 65 pet' 
cent. were drawll in by tile apex, 14 per cent. 
by the middle, and 21 per cent. by the Lase ; 
so that hero those drawn in by the apex were 
morc than 3 times as many 1\8 those drawn 
in by the base. We may therefore conclude 
that the manner in which the triangles nre 
drawll into tbe burrows is not a matter of 
challce. 

In eight cases, two triangles had boon drawn 
into tho same burrow, and in seven of these 
cases, ono bad been drawn in by the apex and 
the other by t110 base. This ngnin indicates 
that the result is not determined by chance. 
Wonns appear sometimes to T'C\'olve in the 
act of drawing in the triangles, for fi\'e out of 
the whole lot had been wound into an irregular 
spire round the inside of the burrow. Worms 
kept in a warm room drew G3 triangles 
into their burrows; but, as in the case of tIle 
pine-leaves, they worked in n. rather careless 
manner, for only 4-i per cent. were dmwlI in 
by the apex, 22 per cent. by the middle, and 
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33 per cent. by the bfl!,C. In fiye cases, two 
triangles were drawn into t116 same burrow. 

It may be suggested with much apparent 
probability that so large a proportion of the 
triangles were drawn in by the apex, not from 
the worms having selected this end as the 
mod convenient for t.he purpose, but from 
having first tried in other ways and failed. 
This notion was countenanced by the manner 
in which worms in confinement were seen to 
dmg about and drop the triangles; hut then 
they were working carelessly. I did Tlot at 
first perceive the importance of tbis subject, 
but merely noticed that the hases of those tri­
angles which had been drawn in by the apex, 
were generally clean and not crumpled. The 
subject was afterwards attended to carefully. 
In the first place sevcr:ll triangles which had 
been Jra.wn in by the ba&'11 allgle8, or by the 
base, or a littlo abovo HIe base, and which 
were thus much crumpled and dirtied, were 
left for some hours in water and wcre then 
weH shaken while immcrsed; but neither 
the dirt nor the creases werc thus removcd. 
Only slight creascs could be obliternted, 
cven by pulling the wet triangles sever~1 
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times t.hrough my fingers. Owing 10 the 
slime from the worms' bodies, the dirt was 
not easily washed off. We may therefore 
conclude that if a triangle, before being 
dragged in by the apex, had been dragged 
into a burrow by its base with even a slight 
degree of force, the h'lsal part would long 
retain its creases and remain dirty. The con· 
dition of 80 triangles (OJ narrow and 24. 
broad ones), which had been drawn in by the 
apex, was observed; and the bases of only 7 
of them were at all creased, being at the same 
time generally dirty. Of the 82 uncreased 
triangles, 14 were dirty at the base j but it 
docs not follow from this fact that these had 
first been dragged towards the burrows by 
their bases; for the worms sometimes covered 
large portions of the triangles with slime, 
and these when dragged by the apex over the 
ground would be dirtied; and during rainy 
weather, the triangles were often dirtied oyer 
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 
all by their apices, and had then perceived, 
without actually trying to draw them into the 
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burrow, that the broader cnd was not well 
adapted for this purpose-evcn ill tllis case 
a large proportion would probably have had 
their basal ends dirtied . We may therefore 
infer-improbable as is the inference-that 
worms are able by somo means to judge 
which is the best end by which to draw 
triangles of paper into their burrows. 

The per centage results of the foregoing 0" 
servatiolls on the manncr in which worms 
draw various kinds of objects into the mouths 
of their burrows may be abridged as follows ;-

-------------~-I----
ml'elof'·ariouakindl. 9 
_of the Lime,ba.sflimar:::,inor 

blwe brood,lIJ1c1 oouml-
natro .9 17 

_oraLoIlburnum,basalJ'Brtor 
bladeuD.II.mJWI\II,<lf80me­
timet! little narrower than 
thellpicalpart. 63 10 

~Qfthe Hhododendron,bMal 
Jl'\ftofhladeQftenllRrTOWer 
IhllIlthea.picalpart. • (;6 

-of Pillll-tre.'!ll,o:msi5t;"g of two 
neo:dles Rril;;ogfromRcom-
mnnbase 100 
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-oftbc Aob,lne thick buoo.l 
end of\<:u drawn in tO llen-~ 

76 

01 

a.food _ 48-5 51-5 

-ofllobini",ut",m~lytbl", 
ell..eciallyto ... "rd.tbeIJle:J, 
.0 .. to be ill-fitted fur 
I'luggiugupthsbuno.... . (;(l 

TriIBg_ of PIP"'. of the two IiUl. 62 15 23 
--oIth""*lOllfSalooe 

--olthenarrowotw"llllone 

I f we consider these several cases, we ron 
IHl.rdly escape from the oonclusion that worIllS 
sbow some degree of intelligence in their 
manner of plugging up their burrows. Each 
pnrticular object is sch·.ed in too uniform a 
maUller, and from causes which we can 
generally understand, for the result to be 
attributed to mere chance. That every object 
has not been drnwu in by its pointed end, 
ma.y be accounted for by lnbour baving been 
II:\\,OO througb some being inserted by their 
broader or thicker cndll. :x 0 doubt worms 
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nrc led by instinct to plug up their burrows; 
and it might hnvc been expected that they 
would havo been led by instinct how best 
to act in each pnrticular case, independently 
of intelligence. We see how difficult it is to 
judge whether intelligenoo comes into play, 
for even plante might sometimes be thought 
to be thus directed; for iust.meo when dis. 
placed leaves ro-dircct their upper surfaces 
towards the light by extremely complicated 
movements and by the shorto'St course. With 
animals, actions appearing due to intelligence 
may be performed through inherited habit 
without any intelligence, although aborigin­
ally thus acquired. Or the habit may have 
been acquired through the preservation and 
inheritance of beneficial variatiolll:l of some 
other habit; and in this case the Dew habit. 
will have been acquired independently of 
illteliigenw throughout tho whole course 
of its development. There is no a priori 
improbability in worms having acquired 
special instincts tllrough either of these two 
latter means. Nevertheless it is incredible 
that instincts should lJave been developed 
iu refercnC(l to objects, such as the lea ves or 
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petioles of foreign plants, wholly unknown 
to the progenitors of the worms wldeh act 
in the described manner. Nor arc their actions 
80 unvarying or inevitable as are most true 
instincts. 

As worms are not guided by special in­
stincts in each particular CMC, though pos­
sessing a general instinct to plug 'Ip tLeir 
burrows, and as chance is excluded, the nex' 
mOl:it probable conclusion seems to be that 
they try in JUallY different ways to draw in 
objects, alld at lust succeed in some oue way. 
But it is Burpl'ising that an auimal 80 low 
ill the scale as a worm sllOuld hrwe the 
capacity fOI" acting in this manDCr, as many 
highcr animals have no such Co.'lpacity. For 
installcc, ants may be seen vainly trying 
to drag an object transversely to their 
eoun:;e, which could be easily drawn longi­
tudinally; though after a time they gener­
ally act in a wiser m:lUner. i.\1. Fabre 
riates· that a Sphex-an insect belong­
ing to tLe same highly-endowed order 
with auts-stocks its nest with paralysed 

• Me bl, lu«!rou iog wo.lr, 'SouYeuil'il cnwlnoW .. iquc-,· Hl,9, 
r· 1tJd-11j. 
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grasshoppers, which are itn!uriably dragged 
into the burrow by their antennre. When 
these were cut off close to the head, the 
Sphex seized the palpi; hut when these 
were likewise cut off, the attempt to drag 
it.<; prey into the burrow was given, up ill 

despair. 'fhe Sphcx had not intelligence 
enough to seize ono of the six legs or 
the ovipositor of the grtlsshoppcr, which, as 
M. Fabre remarks, would have scrved equally 
well. So ltg-din, if the paralysed prey with 

an egg attached to it be taken out of the 
cell , the Sphex after entering and finding tho 
celt empty, nevertheless closes it up in the 
usual elaborate manner. Bees will try to 
escape and go on buzzing for hours on a 
window, one half of which has been left open. 
Even a pike continued during three months 
to dash and bruise itself agninst the glass 
sides or an aquarium, in the vain attempt to 
seize minnows Oil the oppol'ite side,- .A. cobra· 
snake was seen by Mr. Layal'd t to act much 
more wisely than either tho pike or tbo Sphex ; 

• Mijbiw., 'DieBewe;:.u"~ dcrThicre,'&e.,1873,p. l11. 
t 'Alln .. l, and Mag. of N. Uilitury,' ICrie. ii. '1'01. i1. l!l(j~, 

p.a33. 
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it had swallowed a toad lying within a bole, 
and could not withdraw its head; the toad 
was di!<gorged, and bcga.n to crawl away; it 
WIlS nga.in swallowed and aga.in disgorged; 
and now the snake bad learnt by experience, 
for it seized the toad by one of its legs and 
drew it out of the bole. 'fhe instincts of 
C\Oen the higher animals are afton followed 
in n. senseless or purposeless maullcr: the 
weaver-bird will perseveringly wind threads 
through the bars of its cage, as if building a. 

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

~rr. Romanes who has specially studied 
the minds of animals, belieyes that we can 
safely infer intelligence, only when we see an 
individual profiting by its own experience. 
By this test the cobra showed some intelli. 
gence; but this would have been much 
plainer if on a second occasion he hlld drawn 
a toad out of ;t hole oy its leg. The Sphex 
failed signally in this respect. Now if 
worms try to drng objects into their lmrrow8 

_ _ __ Th.. ComoJete Work of Charles DIU"WIil ..ane 



HABITS OF WORMS. ellAI'. II. 

first in one way and then in another, until 
they At lAst suc~d, they profit, at least in 
each particular insbnce, by·experience. 

But e"jdence has been ad vanced showing 
that worms do not habitually try to draw 
objects into their burrows in many different 
ways. Thus half-deca.yed lime-leaves from 
their flexibility could have been drawn in by 
their middle or bas..'\l parts, and were thus 
drawn into the burrows in considerahle 
numbers; yet a. large majority were drawn 
in by or near the apex . The petioles of the 
Clematis could certainly have been drawn in 
with equal ease by the base and apex; yet 
lhrce times and in certain cases five times aM 

many were drawn in by the apex as by the 
base. It might have been thought that the 
foot-stalks of leaves would have tempted the 
worms as a convenient handle; yet they are 
not largely used, except when the base of' the 
blade is narrower than the apex. A large 
number of tbe petioles of the ash arc drawn 
in by tIle base; hut this part serves the 
worms as food. In the case of pine-leaves 
worms plainly show that they at least. do 
not seize the leaf by chance; but their 
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choice docs not appear to be determined by 
the divergence of the two needles, and tho 
consequent advantage or necessity of drawing 
them into their burrows by the base. With 
respect to the trimlg1es of paper, those which 
had been drawn in by the apex rarely had 
their bases cl'eMed or dirty; lind this shows 
that the \\'ol'ms had not often first tried tu 
drng them in by this end. 

If worms are able to judge, eilher befol'o 
drnwing or after ha\'ing drawn an object 
close to the mouths of their burrows, how 
best to drag it in, they must acquil'e SOIllt,J 

notion of its general shape, This they pro­
bably Rcquire by touching it in many placeli 
with the anterior extremity of their bodic..~, 

which serves as a tactile organ. It may lu 
well to remember how perfect the sense of 
touch becomes in a man wbell born blind and 
deaf, as are worms, If worllls have the 
powel' of acquiring some notion, however 
rude, of the shape of all object and of their 
burrows, as seems to be the case, they de~erve 
to be called intelligent; for they tllCn act ill 
nearly the same manner as would a mall 
under similar circumstances, 
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To sum up. as chance does not determine 
the manner in which objects are drawn into 
the burrows, and as tIle existence of special­
ized instincts for each particular case cannot 
be admitted, the first and most natural sup­
position is tbat worms try all methods until 
they at Jast succeed; but many appearances 
arc o})posed to such a supposition. One 
alternative alone is left, namely, that worms, 
although st.·mding low in the scale of organiz­
ation, possess some degree of intelligence. 
'l'his will strike everyone as very impro­
bable; but it may be doubted whether we 
know enough about the nervous system of 
the lower animals to justify our natural dis­
trust of such a conclusion. With respect to 
the small size of the cerebral ganglia, we 
should remember what a maRS of inherited 
knowledge, with some power of adapting 
means to an end, is crowded into the minute 
brain of a worker-ant. 

},j"eans by whicl. worms e.xcavate tllcir 
bUN'ow8.-This is effected in two ways; by 
pnshing away the earth on all sides, and by 
swallowing it. In the former case, the worm 
inserts the stntched out and attenuated 
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a.nterior extremity of its body into any little 
crevice, or bole; a.nd then, na Perrier re­
marks,· the pharynx is pushod forwards into 
this part, which consequently swells and 
pusbes away the earth on all sides. The 
anterior extremity thus serves as a. wedge. 
It alfj() serves, as we have before soon, for 
prehension and suction, and as a tactile organ. 
A worm was placed on loose mould, and it 
buried itself in between two and three 
minutes. On another occasion four worms 
disappeared in 15 minutes between the sides 
of the pot and the earth, which had been 
moderately pressed down . On a third oc· 
casil)ll three large worms and a. small one 
were placed on loose mould well mixed with 
fine sand and firmly pressed down, and they 
all dis..'lppeared, except the mil of one, in 
35 minutes. On a fourth occasion six large 
W0I111S were placed on argillaceous mud 
mixed with sand firmly pressed down, and 
they disappeared, except the extreme tips of 
the t.'lils of two of tbem, in 40 minutes. I n 
ilOilO of these cases, did the worms swallow, 
as far as could be seen, any earth. They 

•• Arehl~et de Zooi<.og.:upk' tom. iii. 1814, P. 405. 
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generally entered the ground close to the 
sides of the pot. 

.A pot was next filled with '-cry fine ferru· 
ginous sand, which was pressed down, well 
wawred, and thus rendered extremely com­
pact. A large worm left on the surface did 
not succeed in penetrating it for some hours, 
and did not bury itself completely until 25 
hrs. 40 min. had elapsed. 'l'his was effected 
by tho sand being swallowed, as was evident 
by the large quantity ejected from the vent, 
long before the whole body had disappeared. 
Castings of a similar nature continued to he 
ejected from tho burrow during the whole 
of the following day. 

As doubts have been expressed by some 
writers whether worms ever swallow earth 
solely for the sake of making their burmws, 
SOIllO additional cases may be g iven. ..A. mass 
of fine reddish 5.:'l.nd, 23 inches in thiekne~s, 

left on the ground for nearly two years, 
had been penetrated in many llinces by 
worms: and their castings consisted partly of 
the reddish sand and partly of bluek earth 
brought up from beneath tIle mass. This 
sand had been dug up from a coll&iJernble 
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depth, and was of so poor a nature that 
weeds could not grow on it. It is therefore 
highly improbable that it should have beeu 
swallowed by the worms as food . Again in 
a field Ilear my house the castings frequently 
collsist of almost pure chalk, which lies at ollly 
a little depth beneath the surface; and here 
again it is very improbable that the chalk 
should have been swallowed for tho sake of 
the very little organic matter which could 
have percolated into it from the poor over. 
lying p.'\Sturc. Lastly, a casting thrown up 
through the concrete and decayed mortar 
between the tiles, with which tho now ruined 
aisle of Beaulieu Abbey had formerly been 
pa"ed, was washed, so that the coarser 
matter alone was left. 'l'his consisted of 
grains of quartz, micaceous slate, other rocks, 
and bricks or tiles, many of them from,;o to 
rtr inch in diameter. No olle will suppose 
that these grnills were swallowed as food, yet 
they formed more than half of the custing, 
for they weighed 19 grains, the whole cast. 
ing having weighed 33 grains. Whenever a 
wonn burrows to a depth of some fect in 
undisturbed compact ground, it must form itA 
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passage by swallowing the earth; for it is 
incredible that the ground could yield on all 
sides to the pressure of the pharynx when 
pur.hed forwards within the worm's body. 

That worms swallow a larger quantity of 
earth for the sake of extracting any nutritious 
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 Claparede. evidence in its 
favour must be given in 80me det.'\il. There 
is no a priori improbability in such a belief, 
for besides other annelids, especially the 
Arenicola marina, which throws up such a 
profusion of castings on our tidal sands, and 
which it is believed thus subsists, there arc 
animals belonging to the 1n0000t distinct classes, 
which do not burrow, but habitually swallow 
largo quantities of sand; namely the mollus­
can OncLidium and many Echinoderms.-

Hearth weTO swallowed only when worms 
deepened their burrows or made new ones, 
castings would be thrown up only occasion­
ally; but in many plo.ces fresh castings may 

• I l tAte th ia on the autLority or Semper, '!lei.en int 
Archil'elderl'bilippincn.-Tb.II.1877.p.30 ... 
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be soon every morning. and tho amount 
of earth ejected from the same burrow on 
successive days is large. Yet worms do not 
burrow to a great depth, except when the 
weather is very dry or intensely cold. On 
my lawn the black vegetable mould is only 
about 5 inches in thickness, and overlies light­
coloured or reddish clayey BOil: now when 
castings are thrown up iu the greatest 
profusion, only a small proportion are light 
coloured, aud it is incredible that the worms 
should daily make fresh burrows in every 
direetion in the thin superficial layer of 
dark-coloured humus, unless they obta.ined 
nutriment of some kind from it. I have 
observed a strictly analogous case ill a field near 
my house where bright red clay lay close 
beneath the surface. Again on one part of 
the Downs near Winchester the vegetable 
mould overlying the chalk was found to be 
only from 3 to 4 inches in thickness; and the 
many castings here ejected were as black 8S 

ink and did not effervesce with acids; so that 
the worms must have confined thoU1selvee to 
this thin superficial layer of mould, of which 
largo quantities weTe daily swallowed. In 
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another place at no great distance the 
castings were white; and why the worms 
should have burrowed into the chalk in some 
plaoos and not in others, ] am unable to 

conje£'ture. 

'l'wo great piles of leaves had been left to 
decay in my grounds, and months after their 
removal, the bare surface, &wernl yards in 
diameter, was so thickly covered during 
"several months with castings that they formed 
an almost continuolls layer; and the large 
ntnnber of worms which lived bere must have 
subsisted during these months on nutritious 
matter contained in tho black earth. 

'fhe lowest layer from another pile of de­
cayed leaves mixed with some earth was ex­
:lminoo under a Iligh power, and the number 
of spores of various shapes and sizes which 
it contained was astonishingly great ; and 
these crushed in the gizl.:uds of worms may 
largcly aid in supporting them. When­
cver castings are thrown up in the greatest 
l111moor, few or no leaves are drawn into the 
burrows; for instance the turf along a hedge­
row, about 200 yards in length, was daily 
observed in the autumn during several weeks, 
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and every morning many fr~sh castil.Jgs were 
seen; but nota single leaf waa Jl'3.wn into these 
burrows. 'fhese castings from their blackness 
and from the nature of the snbsoil could not 
have been brought up from a greater depth 
than 6 or 8 inches. On what could these 
worms ha.ve subsisted during this whole time, 
if not on matter oont..'\ined ill the black earth? 
On the other lland, wbenever a hngo number 
of leaves are drawn into the burJ'Ows, the 
worms seem to subsist chiefly on them, for 
few earth-castiugs are then ejected on the 
SUrfilce. 'l'bis difference in the behaviour of 
worms at different times, perhaps explains a 
statement by ClaparCde, namely, that triturated 
Ie.wes and earth arc always found in distinct 
parts of their intestines. 

Worms sometimes abound in places where 
they can rarely or never obtn in dead 01' 

living leavC8; for instance, beneath the pave­
ment in well-swept courtyards, into which 
leaves are only occasionally blown. My son 
lIoraco examined a house, one comer of 
which had subsided; and he found here in 
the cellar, which was extremely da.mp, many 
small worm-castings thrown up between the 
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stones with which the cellar was paved; and 
in this case it is improbable that the worms 
could ever have obtained leaves. 

But the best evidence, known to me, of 
worms subsisting for at least considerable 
periods of time solely on the organic matter 
contained in earth, is afforded by some facts 
communicated to me hy Dr. King. Near 
Nice large castings abound in extraordinary 
numbers, so that 5 or 6 were often found 
within the space of a square foot. They 
consist of fine, pale-coloured earth, containing 
calcareous matter, which after having passed 
through the bodies of worms and being dried, 
coheres with considerable force. I have 
reason to believe that these castings had been 
formed by species of Perichoota, which have 
been naturalised here from the East. - They 

• Dr. King gave me some worms collected near Nice, which, 
~8hebelieves. had constructed these castings. 'rhey were sent 
to M. Perrier. who with great kinrlnessexaminoo. Rnd named them 
(or me; they consisted of PBrich.reta affiniB, a nA.tiV6 of Coobin 
Cbina and of the Philippines; P. Luzonica, a native of Luzon 
in the Philippines j and P. Roull6ti, which lives near Calcutta. 
M. Perrier informs me that species of Perichrota have been natural. 
ized in the gardens near MontpeUicr and ill Algiers. Before I 
had any reason to suspect that the wwer~likc castings from Nice 
bad been formed by worms not endemic in the country, I was 
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rise like towers (see Fig. 2), with tbeir sum­
wits often a little broader than tbeir bases, 

Fig. 2. 

TO'il"cr-likeCflStin.rrfromncarNice,ooDstructedofearth. voided 
probably by a species of Perichreta: of natural size, copied from 
apbotograpb. 

sometimes to a height of above 3 and often 
to a height of 2~ inches. The tallest of those 

greatly surprised to 800 how closely they rCl!emblcd castings sent 
to me from near Calcutta} where it is known that species of 
Perichretaabound. 
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which were measured was 3'::1 inch in beight . 
and 1 in diameter. A.. small cylindrical pas­
sage runs up the ceutrs of each tower, 
through which the worm ascends to eject the 
earth which it has swallowed, and thus to 
add to its height. A structure of this kind 
would not allow leaves being easily dragged 
from the surrounding ground into the bur­
rows; and Dr. King, who looked carefully, 
never S<l.W even a fragment of a leaf thus. 
drawn in. Nor could any tr:)ce be discovered 
of the worms having crawled down tLe ex­
terior surfaces of the towers in search of 
leaves; and had they done so, tracks would 
almost certn.inly have been left on the upper 
part whilst it remained soft. It does not, 
however, follow that these worms do not 
draw leaves into their burrows during some 
other season of the year, at which time they 
would not build up their towers. 

From the several foregoing cases, it can 
hardly be doubted tlmt worms swallow earth, 
not only for the sake of making their bur­
rows, but for obtaining food. H ensen, how­
ever, concludes from his analyses of humus 
that worms probably could not live on 
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ordinary vegetable mould, though he admits 
that they might be nourished to some extent 
by leaf-mould.- But we have seen that 
worms eagerly devour rJ.W meat, fat, and 
dead worms; and ordinary mould can hardly 
filii to contain lIlany ova, larvro, and small 
living or dead creatures, sporcs of crypto­
gamic plants, and micrococci, such 3S those 
which give rise to saltpetre. l'hesc various 
organisms, togelhllr with some cellulose from 
any Icaves nnd 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 
that certain species ofUtriculal'in, which grow 
in damp places in the tropics, possess bladders 
beautifully constructed for catching minute 
subterranean animals; and these traps would 
not have been developed unless mnny small 
:Ulimals inlJabited such soil. 

TIle deptlt (0 which v:orm,8 penetrate, and 
the cOl~tructiqn oj their burroW8. - Although 
worms usually live near the surface, yet they 
burrow to a collsiderable depth during long-

• 'ZeitlChrjft rilr w_nscllart·. 7.0.(110:;.' n. x:..- iii. un., 
1'.364. 
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continued dry weather and se\'cre cold. I n 
Scandinavia, according to Eisen, and in Scot· 
land, according to Mr. Liuds."y Carnagie, the 
burrows run down to a depth of from 7 to 8 
foot; in North Germany, according to Hoff­
meisLer, from G to 8 feet, but Hensen says, 
from 3 to 6 foot. 'fhis latterobsen'cr has seen 
worms frozen at a depth of Ii feet oone:lth 
the surface. I have lIot myeclf had many 
opportunities for observation, but I have often 
met with worms at depths of 3 to 4 feet. 
In a bed of fine Rand overlying the chalk, 
which had never been disturbed, a worlll was 
Clit into two at 55 inches, and another was 
found here in December at the bottom of its 
burrow, at 61 inches beneath the surface. 
Lastly, in e.'U'th ncar an old Roman Yilln, 
which had not been disturbed for many 
centuries, a worm was met with at a depth 
t)f 66 inches; and this was in tho middle of 
August.. 

'rhe burrows run clown perpend icularly, or 
more commonly a little oLliqucly. They are 
Imid sometimes to branch, but lUI f.'lr us I have 
SOCIl this docs not occur, except in recently 
dug ground and near the surface. They are 
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generally, or as I believe invariably, lined 
with a thin layer of fine, dark-coloured earth 
voided by the worms; so that they must 
at first be made a little wider than their 
ultimate diameter. I have scen several 
burrows in undisturbed sand thus lined at 
a depth of 4 ft. 6 in . j and others close 
to the surface thus lined in recently dug 
ground. 'fhe walls of fresh burrows are 
often dotted with little globular pellets of 
voided earth, still soft. and viscid; and these, 
as it appears, are spread out on nil sides by 
tile worm as it travels up or down its burrow. 
']'he lining thus formed becomes very com 
pact and smooth when llearly dry, and 
closely fits the worm's body. The minute 
reflexed bristles which project in rows on 
all sides lroru the body, thus have excellent 
points of support; and the burrow is rendered 
well adapted for the rapid movement of the 
a.nimllJ. 'fhe lining appears also to strcngtbeo 
the walls, nnd perhaps Stwes the worm's body 
from being scratched. I think 80 because 
several burrows which passed through a layer 
of sifted coal~inders, spread over turf to a 
thicknesaof Ii illCh, had been thuslincd to an 
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unusual thickness. In this case the worms, 
judging from the castings, had pushed the 
cinders away on all sides and had not 
swallowed any of them. ln another place, 
burrows similarly lined, passed through a 
layer of coarse corti·cinders, 3! inches in 
thickness. We thus sec that the burrows arc 
not mere excavations, but may rather be 
compared with tunu(;ls lined with cement. 

The mouths of the burrow are in addition 
often lined with leaves; and this is au instinct 
distinct from that of plugging them up, and 
does not appear to have been bitherto noticed. 
"Many leaves of the Scotch-fir or pine (Pinus 
s!Jlvestris) were given to worms kept in con­
finement in two pots; and whell after sc"eral 
weeks the earth was carefully bmkell up, the 
upper purts of three oblique burrows were 
found surrouuded for lengths of 7, 4, and 
3! inches with pine-leaves, together with 
fragments of other leaves which had been 
given the worms as food. Glass beads and 
bits of tile, which had been strewed on the 
surface of the soil, were stuek into the inter­
stices between the pine-leaves; and these 
interstices were likewise plastered with the 
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viscid castings voided by the worms. The 
structures thus formed cohered 80 well, that 1 
succeeded in removing one with on ly a little 
earth ndhering to it. It consisted of a slightly 
curved cylindrical case, the interior of which 
could be seen through holas ill the sides and 
at either end. The pine-leaves had all been 
drawn in by their bases; and the sharp points 
of tho needles had been pressed into the 
lining of voided earth. Had this not been 
effectually done, the sharp points would bave 
prevented the retreat of the worms into their 
hurrows; and these structures would h::lYe 

resembled tmps armed with converging 
points of wiro, rendering the ingrcss of an 
animal easy and its egress difficult or im­
possible. The ski ll shown by these worms 
is noteworthy and is the more remarkable, as 
the Scotch pine is not a native of this distrid. 

After baving examined these burrow" 
made by worms in confinement, 1 looked at 
those in a flower-bed near some Scotch pines. 
These had all been plugged up in the ordinary 
manner with the leaves of this tree, drawn il! 
for a. length of from I to I! inch; but the 
mouths _of many of them were likcwiso lined 
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with them, mingled with fragments of other 
kinds of leaves, drawn in to a depth of 4 or 5 
inches. Worms often remain, o.s formerly 
stated, for a long time close to the mouths 
of their burrows, apparently for warmth; 
and the basket-like structures formed of 
leaves would keep their bodies from coming 
into close contact with the cold damp earth. 
That they habitually rested on the pine-leaves. 
was rendered probable by their clean and 
almost polished surfaces. 

The burrows which run far down into the 
ground, generally, or at least often, terminate 
in a little enlargement or chamber. Here, ac­
cording to Hoffmeister, one or several worms 
pass the winwr rolled up into a ball. Mr. 
Lindsay Carnagic informed me (1838) that 
he had examined many burrows over a stone­
quarry in Scotland, where the overlying 
boulder-clay and mould had recently been 
cleared away, and a little vertical cliff thus 
left, In several cases the same burrow was a 
little enlarged at two or three points one 
beneath the other; and all the hUITOWS ter­
mina.ted in a rather la.rge chamber, at a depth 
of 7 or S feet from the surface, 1'hese cham-
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bers cont.'\inoo many small sharp bits of stone 
and husks of 8ax-seeds. They must also 
have contained living seeds, for on the follow­
ing spring Mr. Carnagie saw grass-plants 
sprouting out of some of the intersected 
chambers. I found at Abingcr in Surrey 
two burrows terminating in similar chambers 
at a depth of 36 and 41 inches, and these 
were lined or pa\-ed with little pebbles, 
about as large as mustard seeds ; and in 
one of the chambers there was a decayed 
ont-grain, with its husk. Hensen likewise 
stales that the bottoms of the burrows are 
linod with little stones; and whcro those 
could not be procured, seeds, apparently of 
the pear, had been used, as many as fifteen 
having boon carried down into a single 
burrow, one of which had germinated.- 'Ve 
thus see how easi ly a. bot.'lnist might be 
deceived who wished to learn how long 
dooply buried seeds remained alive, if he 
were to collect earth from a consideroble 
depth, on the supposition that it could 
contain only soeds wbich had long lain 
buried. It is probable that the little stones, 

• 'Zeit.llCbrlnrnr II'Wlmlclnit.. Zoolo;:.' ll.:u:viii.1877,p.3,;II. 
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as well as the seeds, arc carried down from 
the surface by being swallowed; for a sur· 
prising number of glass bends, bits of tile 
and of glass were cert..'linly thus carried down 
by worms kept in pots ; but some may have 
been carried down within their mouths. The 
sole conjecture which I can form wby worms 
]j lla their winter-quartera with little stones 
and seeds, is to prevent their closely coiled-up 
bodies from coming into cl086 contact with 
the surrounding cold soi l j and 8uch contact 
would perhaps interfere with their respiration 
which is effected by the skin alone. 

A worm after swall owing earth, whether 
for making its burrow or for food, soon comes 
to the surface to empty its body. 'I'he ejected 
earth is thoroughly mingled with the intestinal 
secretions, and is thus rendered viscid. After 
being dried it sets barel. I have watched 
worms during the act of ejection, and when 
the earth was in a very liquid state it WrLS 

ejected in little spurts, and when not so 
liquid by a slow peristaltic movement. It is 
not C:lst indifferently on any side, but with 
somc care, first on one and then on another 
side; the tail being used almost like a trowel. 
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As soon as a little heap is formed, the 
wonn apparently avoids, for the B:l.ke of 
safety, protruding its tail; and the earthy 
matter is forced up through the proviously 
doposited soft muss. The mouth of the same 
burrow is used for this purpose for a consider­
able time. In tbe case of the tower-like 
castings (see Fig. 2) near Nice, and of the 
similar but still taller towers from Bengal 
(hereafter to be described and figured) a 
oonsiderable degree of skill is exhibited in 
their construction. Dr. King also observed 
that the passage up these towers hardly ever 
ran in the same exact line with the under­
lying burrow, 80 that a thin cylindrical object 
such as a baulm of grass, could not be 
passed down the tower into the burrow i and 
tbis change of direction probably serves in 
some manner as a protection. 'Then a worm 
comes to tIle surface to eject earth, tbe tail 
protrudes, but wben it collects leaves its head 
must protrude. Worms therofore must have 
the power of turning round in their closely­
fitting burrows i and this, as it appears to U8, 

would be a difficult feat. 
Worms do not always eject theirrostings on 
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the surface of the ground. When they can 
find any cavity, as when burrowing in newly 
turned-up earth, or between the stems of 
banked-up plants, they deposit their castings 
in such places. So again any hollow beneath 
a large stone lying on the surface of the 
ground, is soon filled up with their castings. 
According to Hensen, old burrows are habitu­
ally used for this purpose; but as far as my 
experience serves, this is not tho case, except.. 
ing with those near the surface in recently dug 
ground. I think that Honsen may have becn 
deceived by the walls of old burrows, lined 
with hlack earth, having sunk in or collapsed; 
for black streaks are thus left, and these are 
conspicuous when passing through light­
coloured soil, and might be mistaken for 
completely filled-up burrows. 

It is certain that old burrows collapse in 
the course of time; for as we shall see in the 
next chapter, the fine earth voided by worms, 
if spread out uniformly, would form in many 
places in the course of a year a laycr t of an 
inch in thickness; so that at any rate this large 
amount is not deposited within the old unused 
burrows. If the burrows did not collapse, 
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the whole ground would be first thickly 
riddled with holes to a depth of about ten 
inches, and in fifty years a hollow unsup­
ported space, ten inches iu depth, would be 
left. The holes left by the decay of succes­
sively formed roots of trees and planta must 
likewise collapse in the course of time. 

'I'he burrows of WOrtDS run down perpen­
dicularly or a. li ttle obliquely, and where the 
soil is at all argillaceous, there is no difficulty 
in believing that the walls would slowly flow 
or slide inwards during very wet wenther. 
When, however, the soil is s.-andy or 
mingled with many small stones, it can 
hardly be viscous enough to flow inwards 
during even tho wettest weather; but another 
agency may here come into play. After 
much min the ground swells, and as it cannot 
expand laterally, the surface riscs; during 
dry weather it sinks again. For instance, a 
large flat stone laid on the surf.'l.cc of a field 
flank 3'33 mm. whilst the weather was dry 
betwoon May 9th and June 13th, and rose 
I'fll mm. between September 7th and 19th, 
much min having fallen during tile latter 
part of this time. During frosts and thaws 
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the movements were twice as great. 'l'hese 
observations were maue by my son Horace, 
who will hereafter publish an account of the 
movements of this stone during successive 
wet and dry seasons, and of the effects of its 
being undermined by wonns. Now when 
the ground swells, if it be penetrated by 
cylindrical holes, sllch as worm.burrows, 
their walls will tend to yield and be pressed 
inwards; and the yielding will be greater 
in the deeper parts (supposing th(· whole 
to be equally moistened) from the greater 
weight of the superincumbent soil which has 
to be raised, than in the parts Dear the BUr­
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 rather op­
posed, by the weight of the superincumbent 
soil. 

Distribution of lVorms.·-Earth-worms are 
found in all parts of the world, and some of 
the genera have an enormous range.- They 
inhabit the most isolated islands; they 

• Perricr,'Archi'·es deZoolog.ell:~r.'loDl.3, 1'. 3,8, 18-;4. 
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abound in Iceland, and are known to exist 
in the " rest Indies, St. Helena, )Iadagascar, 
New Caledonia and l'ahiti. In the Antarctic 
regions, wonns from Kerguelen Land have 
heen described by Ray Lankester j and I 
found them in the Falkland Islands. liow 
they reach such isolated islands is at present 
quite unknown. They are easily killed by 
snit-water, and it docs not appear prob.'lble 
that young worms or their egg-ca.psules could 
be carried in earth adhering to the feet or 
beaks of land-birds. Moreover Kerguelen 
Land is not now inhabited by allY land-bird. 

In this volume we are chiefly concerned with 
the carth cast up by worms, and 1 have gleaned 
a few facts on this subject with respect to 

distant lands. Wonns throw up plenty of 
castings in the United States. In Yenezuela, 
castings, probably ejected by spceics of 
Urochrota, are common in the gardens and 
fields, but not in the forcsts, as I hear from 
Dr. Ernst of Caracas. ITe collected 156 
castings from the court-yard of his house, 
having an area of 200 square yards. They 
varied in bulk from half a cubic centimeter to 
five cubic centimeters, and were OD an average 
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three cubic centimeters. They were, therefore 
of small size in comparison with those often 
foun...I in England; for six large castings from 
a field near my house averaged 16 cubic centi­
meters. Several species of eartb-worms are 
common in St. Catharina in South Brazil, and 
Fritz MUlier informs me" that in most parts of 
" the forests and pasture-lands, the whole soil, 
.. to a depth of a quarter of a metre,looks as if it 
"bad passed repeatedly through the intestines 
"of earth-worms, even where hardly any enst­
"ings are to be ~n on 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, 1 
hardly expected that worms would be com­
man ; but Dr. G. Krelft of SydDt!y, to whom 
I applied, after making enquiries from 
gardeners and others, and from his own 
observations, informs me that their castings 
abound, He 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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b."\lldy earth of wlJjch they were formed still 
cohcred with considerable tenacity. 

The late Mr. John Scott of the Botanic 
Gardens near Calcutta made many observa­
tions for me on worms living under the hot 
and humid climate of Bcngal. The castings 
abound almost everywhere, in jungles and in 
the open ground, to a greater degree, as be 
thinks, 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 beneath water. They cause 
much trouble in the Bot.'l.nic garden, "for 
"some of the finest of our lawns call be kept 
" in anything like order only by being almost 
"daily rolled; if left undisturbed for a few days 
"they become studded with large castings." 
These closely resemble those described as 
b..lOunJing near Nice; aud they arc prohably 
the work of a spe~ies of Perichrota. They 
stand up like towers, with an open passage in 
the centre. 

A figure of one of these cnstings from a 
photograph is here gi\·en (Fig. 3). The 
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largest received by me was 31 inches in 
height and 1·35 inch in diameter; another 

Fig. 3. 

was only i inch in diameter and 2i in height. 
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In the following year, Mr. Scott measured 
several of the largest; one was G inches in 
height and nearly Ii in diameter: two others 
were 5 inches in height and respectively 2 
and rather more than 2~ inches in diameter. 
The average weight of the 22 castings sent to 
me was 35 grammes (ll oz.); and one of them 
weighed 44'S grammes (or 2 oz.). All these 
castings were thrown up either in one night 
or in two. Where the grouud in Bengal is 
dry, as under large trees, castings of a different 
kind are found in vast numbers: these con­
sist of little oval or conical bodies, from about' 
the ,j,y to rather above -fo of an inch in 
length. They are obviously voided by a 
distinct species of worms. 

The period during which worms near 
Calcutta display such extraordinary activity 
lasts for only a little over two months, 
namely, during the cool ;;eason after the rains. 
At this time tbey are generally found within 
about 10 incbes beneath tbe surface. During 
the hot season they burrow to a greater deptb, 
and are then found coiled up and apparently 
hybernating. Mr. Scott has never seen tbem 
at a greater depth than 2~ feet, but has heard 
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of their having been found at 4 feet. Within 
the forests, fresh castings may be found even 
during the hot season. The worms in the 
Botanic garden, during the cool and dry 
season, draw many leaves and little sticks 
into the mouths of their burrows, like our 
English worms; but tbey rarely act in this 
manner during the rainy season. 

Mr. Scott saw worm-castings on the lofty 
mountains of Sikkim in North India. In 
South India Dr. King found in one 
place, on the plateau of the Nilgiris, at an 
elevation of 7000 feet, "a good many 
castings," which are interesting for tbeir 
great size. The worms which eject them are 
seen only during the wet season, and are 
reported to be from 12 to 15 incbes in length, 
and as thick as a man's little finger. These 
castings were collected by Dr. King after 
a period of J 10 days without any rain; and 
they must have been ejected either during 
the north·east or more probably during 
the previous south·west monsoon; for their 
surfaces had suffered some disintegration and 
they were penetrated by many fine roots. .A. 
drawing is here given (Fig. 4) of one which 
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seems to have best retained its original size 
and appearance. Notwithstanding some loss 
from disintegration, five of the largest of these 
castings (after having been well sun-dried) 
weighed each on an average 89·0 grammes, 

F;g.4. 

A castin,g from the Nilgiri Mountains in Suuthlndia; of 
naturnlsiUl,cngmvedfromnphotogmph. 

or above 3 OZ.; and the largest weighed 
123·14 grammes, or 4t oz.,-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 subsided a little 
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whilst soft, and that their diameters had thus 
been increased. Some had £lowed so much 
that they now consisted of a pile of almost £l.at 
confiuent cakes. .All were formed of fine, 
rather light.-coloured earth, and were surpris­
ingly hard and compact, owing no doubt to 
the animal matter by which the particles of 
earth had been cemented together. They 
did not disintegrate, even when left for some 
hours in water. .Although they had been 
cast up on the surface of gravelly soil, they 
contained extremely few bits of rock, the 
largest of which was only '15 inch in 
diameter. 

Dr. King saw in Ceylon a worm about 2 
feet in length and t inch in diameter; and 
he was told that it was a very common species 
during the wet season. These wonns must 
throw up castings at least as large as those on 
the Nilgiri )Iountains j but Dr. King saw 
none during hit:! short visit to Ceylon. Suffi· 
cient facts have now been given, showing 
that worms do much work in bringing up 
fine earth to the surface in 100st or all parts 
of the world, and under the most different 
climates. 

Rl Th r f h rl ~ r i lin 
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CHAPTER Ill. 

Tm: .AllOUXl' O~· FI),"E EARTH UROUaUT UP BY 

WORMS TO THE 8URF.AC~;. 

It.lelit wbleb YarioWl objecl& st~ ..... ,d on the .uff~oe ofgn.a-
5el'" are ooverN up by the caotingB of worma-The burial oJ 
.pn·f!d r-th-Tbe.Jo .... ubside""" of great.tone. left on the 
Il\lrf_"he number of worm, .. hich live wit-hiD" gi" ell 
8pooe-The weight of earth ejected from "burrow, and from 
.U the burro .. ",itbin " gh'en Ip8OCl-The thlckoe.l of the 
bye. of mould which the c:asting. on 1\ given lpaoo would 
{"rm within" given tiwe if uniformly Ipread out.-1'he 11011' 
nile Il\ which mQUld COlD illCreaso to a gl'S! thicknC8&­
Collcl~on. 

WE now come to the more immediate subject 
of this volume, namely the amount of e:uth 
which is brought up by worms from beneath 
the surface, and is afterwards spread out more 
or leas completely by the rain and wind. The 
amount can be j udged of by two methods,­
by tho rate at which objects left on tho 
surface arc buried, and more accurately by 
weighing the quantity bl'ought up within a 

Tha ComoJete Work o f Charles DarWIn Onli"", 
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given time. We will begin with the first 
method, as it was first followed. 

Near Yaer Hall in Staffordshire, quick-l ime 
had been spread about tho year 1827 thickly 
over a. field of good pasture-land, which had 
not since heen ploughed. Some square holes 
were dug in this field in the beginning of 
October 1837; and tile sections showed a 
layer of turf, formed by the matted roots of 
the grnsscs, i inch i ll thickness, beneath 
which, at a depth of 2! inches (or 3 inches 
from tho surface), a layer of the lime in 
]lOwder or in small lumps could be distinctly 
seen running all round tho vertical sides of 
tbo holes. Tho soil beneath the layer of 
lime was either gravelly or of a coarse sandy 
nature, and differed considerably in appear­
ance from the overlying dark-ooloured fine 
mould. Coal-cinders had been spread over 
a part of this same field either ill the year 
1833 or 1834; and when the above holes 
were dug, that is after all interval of 3 or 4 
years, the cinders formed a line or black spots 
rmmd the holes, at a depth or 1 inch beneath 
the surface, parallel to and above the white 
layer of lime. Q,"er another p.1.rt of this field 

9 Th on toll Wuri. f Onl 
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cinders Ilad been strewed, only about half-a· 
year berore, and these either still lay on the 
surrace or were entangled among tho roots of 
the grasses; and I here saw the commence­
ment of the burying process, for worm-<:ast-. 
ings had been heaped on several of the 
smaller frngroentB. After an interval of 
41 years this 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 1 inch, we will say by i of 
an inch. Therefore mould to an average 
thickness of '22 of an inch had been annually 
brought up by the worms, and had been 
spread over the surface of this field. 

Coal-cillders had been strewed over anoUler 
field, at a date which could not be positively 
ascertained, so thickly that they formed 
(October, 1837) a layer,l inch in thickness 
at a depth of about 3 inches from tho surf.'\ce. 
The layer was .so continuous that the over· 
lying dark vegetable mould was connected 
with the Bub-soil of red clay only by the roots 
of the grasses; lind when these were broken, 
the mould aud the red clay fell apart. In a 
third field, on which coal-<:inders and bumt 

K 2 

, 
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marl had been strewed several times at un­
known dates, holes were dug in 1842; and a 
layer of cinders could be traced at a depth 
of 3~ inches, beneath which at a depth of 
a~ inches from the surface there was a line 
of' cinders together with hurnt marl. On the 
sides of one hole there were two layers of 
cinders, at 2 and 3~ inches beneath the sur­
face; and below them at a depth in parts 
of 9~, and in other parts of 10~ inches there 
were fragments of burnt marl. In a fourth 
field two layers of lime, one above the other, 
could be distinctly traced, and beneath them 
a layer of cinders and burnt marl at a depth 
of from 10 to 12 inches below the surface. 

A piece of waste, swampy land was 
enclosed, drained, ploughed, harrowed and 
thickly covered in the year 1822 with burnt 
marl and cinders. It was sowed with grass 
seeds, and now supports a tolerably good but 
coarse pasture. Holes were dug in this field 
in 1837, or 15 years after its reclamation, 
and we see in the accompanying diagram 
(Fig. 5), reduced to half of the natural scale, 
that tbe turf was ~ inch thick, beneath which 
there was a layer of vegetable mould 2~ inches 
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thick. This layer did not contain fragments 
of any kind; hut beneath it there was a layer 
of mould, l!inch in thickness, full offragments 

Section,reduccd to half the natural scale,oi the vegetable mould 
in a field,dmined and teclaimed finecn years previously; A, 
turf; B, vegetable mould without any stoncs; C, mould with 
fragments of blunt marl, coal-cindCTS and quartz pebblcs; 
D, sub-soil of black, peaty sand with quartz pcbbles. 

of burnt marl, conspicuous from their recl 
colour, one of which near the bottom was an 
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inch in lcngth; and other fragments of coal­
cinders together with 1\ few wbite quartz 
pebbles. Beneath this layer and at a depth of 
4! inches from the surface, the original black, 
peaty, sandy soil with a. few quartz pebbles 
was encountered. 11ero therefore the frag­
ments of burnt marl and cinders had been 
covered in the course of 16 years by a layer 
of fine vegetable mould, only 2! inches in 
thickness, excluding the turf. Six and a half 
years subsequently this field was ~xamined, 
and the fragments were now found at from 
4 to 5 inches beneath the surface. So that 
in this interval of G! years, about I! inch of 
mould had been added to the superficial layer. 
I am surprised that a greater quantity had 
not boon brought up during the whole 21i 
years, for in the closely underlying black, 
peaty soil there wetC many worms. It is, 
however, probable that formerly, whilst the 
land remained poor, worms were scanty; and 
the mould would then have accumulated 
slowly. The average annual increase of thick­
ness for the whole period is I'!) of an inch. 

Two other cases nre worth recording. In 
the spring of 1835, a field, which had 

/1';1" (:,m l W .i)f BllS rwll1 nllne 
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long existed 1\8 poor p..'\sture nud was so 
swampy that it trembled slightly when 
stamped on, was thickJy oovered with red 
sand so that the whole surface appenred at 
first bright red. When holes were dug ill 
this field after an interval of about 2t years, 
the sand formed a layer at a depth of i in. 
beneath th", surfaoo. In 1842 (i.e., 7 years 
af'tcr the saud had been laid on) fresh holes 
were dug, and now the red 8.'\od fonned a 
distinct layer, 2 inches beneath the surface, 
or It iuch beneath the turf: so that on an 
average, '21 iuches of mould had boon anllu­

ally brought to the surface. Immediately 
bello..'tth the layer of red Band, the original 
substrntulD of black sandy peat extended. 

A grass field, likewise not fill' from Maer 
HaJJ, had formerly been thickly oovcred with 
marl, and was then left for ~veral yo..'\1"8 as 
pasture; it was afterwards ploughed. A 
friend had three trenches dug in this field 
28 years after the application of the marl,. 

-'l1,iI_ilgivcn in a poIItlCript to mYfII'llcrln the 
'~t.Ooolo;.Sco;.'(Vol,,,,p.605),.ndOOI1\.ailll.llerioo, 
erT(IT, ... in the lIOOOun~reoeived 1 miltook the IIgIlRl80 fOlBO. 
The ~n.nt. moTOOTeT, furm~ly aid that be had marled the field 
thirty Y(lA", before, hut ..... 1lO"l'olliti~e ehu thil .... done in 

€..The 0 I W f h rI .. - "w, nI,,,," 
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find a layer of the marl fragments could be 
traced at a depth, carefully measured, of 12 
inches in some parts, and of 14 iuclu,;; in 
other parts. This difference in depth de­
pended on the layer being horizont-nl, whilst 
the surface consisted of ridges and furrows 
from the field having been ploughed. The 
tenant assured me that it had never been 
turned up to a greater depth than from 6 to 8 
inches; and as the fragments formed an un­
broken bori7.ontal layer from ]2 to 14 inches 
beneath the surface, th090 must have been 
buriod by the worms wbilst the land was 
ill pasture before it was ploughed, for other­
wise they would have been indiscriminately 
scattered by the plough throughout the 
whole thickness of the soi l. Four-and-a-haIr 
years afterwards I had three holes dug in 
this field, in which potatoes had been lately 
planted, and the layer of marl-fragments was 
now found 13 inches beneath the botwms of 
tho furrows, and therefore probably 15 inches 

18Q9,thAtiatW(lnty.mgbtYCIII'II\lefol'l)tile llntenminationof 
the field by my friend. The error, u rar lUI tbe figure 80 q 
ronoerned, wu OOI"~led in Iln artiel, by me, in the 'Ganlenm' 
Chronicle,' 1844, P. 218. 

I L ~m I t W .:)f~harles Oarwn nllne 
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beneath the general level of tho field. It 
should, however, be observed that the thick­
ness of the blackish sandy soil, which had 
been thrown up by the worms above the marl­
fragments in the course of 32! yenrs. 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. The fragments of marl almost rested 
on an undisturbed 8ub-stratulll of white sand 
with quartz pebbles; and as this would be 
little attractive to worms, the mould would 
hereafter be very slowly increased by their 
action . 

"'iVe will now give some cases of the action 
of worms, on land differing widely from 
the dry sandy or the swampy pastures just 
described. The chalk formation extends all 
round my house in Kent; and its surface, 
from IUl.Ving been exposed during an immense 
period to the dissolving action of min-water, 
is extremely irregular, being abruptly fes­
tooned and penetrated by many deep welt­
liko cavifies.- During the dissolution of the 

• Tb~ plb or riP" are .t.ill in ~ oUonnation. During 
tbelMtforty yean I bue llem or het.rd of he-. III "'bich" 

~:rhe Comolete Work of Char1e5 Darwin ":'"'"IIi;..e 
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chalk, the insoluble matter, includillg a vast 
number of unrolled flints of all sizes, has 

cirenlarlp&Oe, teveralfeet in diameter,.oo<leoly feU in, leaving 

on the field au oJ)fn boIewitb perpeudieul&r 1ida,1OfTIC! feet ill 
depth. 'rh~ oocurrooi in one of my OWn 6cld .... hil.tit..-u 
beiDgrollOO,aDd IbehiooerqU&rteraofthfahafthorerdl in; two 
ortbree e&rt.-10A1b oCrubbiobwcrerequirt'd to fillupthebo~. 
'l'he.ubo!idenceooeurrt'dwhcrotherllwu I bro&d dCprIlIOIion,u 
if the lurfa.ce htld f~lIcn in .1 Be'-cral fomlcr periods. I hl'8.rd 
of.hol<l .. hich musthavebeculudlkllly forrnedatthe bottom 
of .. ImaU .bUo .. pool, where .heep had been ", ... bed during 
maoy y .. n, and into which .. man th ... OCC\Ipied !'ell to biB great 
tenor. Tberalo.wateroverthi.",·hol. dill.rictllinbper]lI.'o­
dic:ularlyinlOtbegrou!ld,butthechr.l1r.iI_llOrotllinoertain 
l'tace. thau io olbers. Th ... the draillAg(ll1"Olll theo1'erlying 
ca.y is dirootoo to certain poilll4, w~ .. gtUter murun! of 011 · 
eareouam.ttcrl.dileolvoo.thanellJe .. h~ .• :veunarrowopen 
channel. arB IIOlMtimtll fonnoo in the IOlid chalk. M the chalk 
i. ,lowly di..oh'/ld over the whole counLry, bullDOl'll in 80me 
puuthaninothen.theundu.olved_idu_tb.twtheoycr­
lying ~ ofr$!. clay with ftinta,-llbwit8 ,.jnb .Jo .. ly do .... , 
and tend. 10 lin lip the pipeiOf cayitieL Duttbeupper.,.,-t 
of tbe red day bold. together. aided ])I'OJ:.b1y by the J'O(lU of 
planu,foralons:erlimfltban thelo'll'err-rt.t,at>d thllilfOrIIlll 
• rool ..... hich IOOIIcror later falb in, all In Iheabove mentiov.ed 
fi.-e C&IIeL The downward mo"ement of the clay may be rom­
parOOwithtbatofa glacier, but i,inoomr-,,*bly.lowerj andtbiH 
mo,'ement IICOOUnlafora.ingular floCI,namely thllt the mucb 
elongal.t!d Oinlawhieh aNI embedded in the cha.lk in a nearly 
horizontal poIitico,an! commonly found li&Dding ntacly"" quite 
upright in the rN clay. nw. fact U 10 conllnul that the worJ,; . 

DWI aaunod me that this ..... their IIII.tural poIiliOll, I roughly 
rne&MlrI'!d one .. hlth ,I«ld 'l'ertica1ly, and it'II'aII of the ame 
Ien:;thand oftbeian>e relati.-e thic!m.allone of my artllI. 

TheI!<:lelonpted lIintimust gctplaccdiutbciruprigbtl'0llitioo, 
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been left on the surface and forms a bed of 
stiff red clay, full of flints, and generally 
from G to 14 feet in thickness. Over the red 
clay, wherever the hmd has long remained as 
pasture, there is a layer a few inches in 
thicknelSS, of dnrk-colourcd vegetable mould. 

A quantity of broken chalk was spread, 
on Deccmber 20, 1842, over a part of a ficld 
near my hOll&e, whic-h had exitltcd as pasture 
certainly for 30, probably for twice or thrice 
as many years. The chalk was laid on the 
land for the sake of obsen'ing at some future 
period to what depth it would become buried. 
At the end of November, 1871, tlmt is after an 
interval of 29 years, a trench was dug across 
this part of the field; and a line of white nodules 
could be traced on both sides of the trench, at 
a depth of 7 inches from the surface. The 
mould, therefore, (excluding the turf) had 

on the a me principle that" trunk or. true It ft 011. ~lltCit. 
UIIulllNa rc-itlon 11IlmUei to the line or motion. 'I'he flint! 
in the d lly which fonn IlmOlit hit iu bulk, are ¥ery ofkn 
broken, though uot rolled Of abraded; and thia m~y be ao­
eouuted for bytbcirmutuall'!'Il!!IIU"" whilet the wholo lIlaaal, 
.ubolidjn~. I may add that tbe cb.o.lk here ar'peantohal'o bee .. 
originaUyeo'l'crod I" partsbya thi" bOO of fille .... lld witblOm" 
p!!.faetlyroonded flilltpebbl .... probablyofTertiaryage;forw~h 
Glldonen]lll.rtlyflllluplh"deepe'lri~orcayitle.iuth"Qhalk. 

~ ComoJe e W rk of Chal'ies DarWIn Onli~ 
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11ero been thrown up at an :wernge rate of 
'22 inches per year. Beneath the line of 
ChAlk nodules there was in parts hardly any 
fine earth free of Bints, while in other parts 
thore was a layer, 2! inches in thickness. I n 
this latter case the mould was altogether Oi 
inches thick; and in onc Buch spot a nodule 
of chalk and a smooth flint pebble, both of 
which must have been left at some former 
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 nppcarnnoo of the 
above nodules of chalk surprised me much 
at first, as they closely resembled water­
worn pebbles, whereas the freshly-broken 
fragments had been angular. But on ex­
amining the nodulea with a lens, they no 
longer appeared waler-worn, for their surfaces 
were pitted through unequal corrosion, and 
minute, sharp points, formed of broken fossil 
shells, projected from them. It was evident 
that the corners of the original fragments of 
chalk had been wholly dissolved, from pre­
senting a large surface to the carbonic acid 
dissolved in the rain-water nnd to that gener-
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ated ill soil containing vegetable matter, as 
well as to the humus-acids.· The projecting 
cornors would also, relatively to the other 
parta, have been embraced by a larger num~ 
ber of living rootlets; and these have tht) 
power of ovon attacking marble, as Sachs has 
shown. l'hus, in the course of 29 years, 
buried angular fragments of chalk had been 
converted into well-rounded nodules. 

Another part of this same field was mossy, 
and as it was thought that sifted coal-cinders 
would improve the pasture, a thick layer was 
spread O\'or tbis part either in 1842 or 1843, 
and anothor layer some years afterwards. 
In 1871 a trench was here dug, and many 
cinders lay in a line at a depth of 7 
inches beneath the surface, with auotllor line 
at a depth of 5i inches parallel to the one 
beneath. In another part of this field, 
wllich had formerly existed as a separate 
ono, and which it was believed had heen 
pasture-land for more than a century, trenches 
were dug to soe how thick tho vegetable 
mould was. By chance the first trench was 
made at a spot where at somo former period, 

• s. W. Johwoon, • How Crot» Fflld.' 1810, I~ 139. 
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certainly more than forty years before, a 
large hole had been filled up with coal'S(! red 
clay, flints, fragments of chalk, and gra\'el; 
and here the fine vegetablo mould was only 
from 4t to 4{ inches in thickness. In 
another and undisturbed place, the mould 
varied much ill thickness, namely from 61 
to 81 inches; beneath which a few small 
fragments of brick were found in one 
place. From these several cases, it would 
appear t!mt during the last 29 years mould 
has been heaped on the surface at an 
average annua.l rate of from '2 to '22 of an 
inch. But in this district when a ploughed 
field is first laid down in grass, the mould 
accumulates at a. much slower rate. 'fhe 
rate, also, must become very much slower 
after a bed of mould, several inches ill thick­
ness, has been formed; for the worms then 
live chiefly near the surface, and burrow 
down to a greater depth so as to brillg up 
fresh e~rth from below, only during the 
winter when the weather is very cold (at 
which time worms were found in this field at 
a depth of 26 inches) and during summer, 
when the weather is very dry. 

c The Complete Work of Charles Darwin Online 
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A field, which adjoins the one just de­
scribed, slopes in ODe part rather steeply 
(viz., at from 10° to 15°); this part was last 
ploughed in 1841, was then harrowed and 
left to becomo pasture-land. For severnl 
years it was clothed with an extremely scant 
veget:\tioD, and was so thickly covered with 
small and large flints (some of them half 3S 

large as a child's head) that the field was 
always called by my SODS" the stony field." 
When they ran down the slope the stoncs 
clattered together. I remember doubting 
whetber I should live to BOO these larger Hints 
covered with vegetable mould and turf. But 
the smaller stones disappeared before many 
ye-drs had elapsed, as did everyone of the 
larger olles after a time; so that after thirty 
years (1871) a horse could gallop o\'er the 
compact turf from olle end of the field to the 
oilier, and not strike a single stone with his 
shoes. '1'0 anyone who remembered the 
appearance of the field in 1842, the transfor­
mation was wonderful. This was certainly 
the work of the worms, for though castings 
were not frequent for severnl years, yet some 
werc thro\\'n up month after month, and 

.c The Complete Work of Charles Darwln Online 
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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 mould, which did not contain 
any stones, 2! inches in thickness. Beneath 
this Jay coarse clayey earth full of flints, like 
that in any of the neighbouring ploughed 
fields. This coarse earth easily fell apart 
from the overlying mould when a spit was 
lifted up. '1'he average rate of accumulation 
of the mould during the whole thirty years 
was only -083 inch per year (i.e., nearly one 
inch in twelve years); but the rate must 
have been much slower at first, and after­
wards considerably qnicker. 

'l'he transformation in the appearance of 
this field, which had been effected beneath 
my eyes, was afterwards rendered the more 
striking, when I examined in Knole Park 
a. dense forest of lofty beech-trees, beneath 
which nothing grew. Here tho ground was 
thickly strewed with large naked stones, and 

RlTh r f h rl sri lin 
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worm-castings were almost wholly absent. 
Obscure Jines and irregularities on the sur­
face indicated that the land had been cui. 
tivated some centuries ago. It is probable 
that a thick wood of young beech-tree!! 
sprung up so quickly, that time enough was 

not allowed for worms to cover up the stones 
with their castings, before the site bccnmo 
unfitted for their existence. Anyhow the 
contrast between the state of the now 
miscalled" stony field," well stocked with 
worms, and the prescnt state of the ground 
beneath the old beech.trees in Koole Park, 
where worms appeared to be absent, was 
striking. 

A narrow path running across part of my 
lawn was paved in 184-3 with small Hag­
stones, set edgeways; but worms threw up 
many castings aod weeds grew thickly be· 
tween them. During SEl\·eral years the path 
was weeded and swept; but ultimately the 
weeds and worms prevailed, and the 
gardener ceased to sweep, merely mowing off 
the weeds, as often as the lawn was mowed. 
The path soon beeame almost covered up, 
and after several years no trace of it was 
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left. On removing, in 1877, the thin over* 
lying layer of turf, the small f1ag...stones, all 
in their proper places, were found covered 
hy an inch of fine mould. 

Two recently published accounts of sub­
stances strewed on the surface of p.1.sturc-land, 
having become buried through the action of 
worms, may be here noticed. l 'be Rev. 
H. C. Key had a ditch cut in a. field, over 
which coal-ashes had been spread, as it was 
believed, eighteen years before; and on the 
clean-cut perpendicular sides of the ditch, at a 
depth of at lea.st seven inches, there could be' 
seen, for a length of 60 yard!;I, "a distinct, very 
"even, narrow line of coal-ashes, mixed with 
"small coal, perfectly parallel with the top­
sward."· This parallelism and the length of the 
~ction gives interest to the case. Set.'Ondly, 
Mr. Dancer statest that crushed bones had beeH 
thickly strewed over a field; and" some years 
., afterwards" these were found "several inches 
"below the surface, at a uniform depth." 
'Vorms appear to act in the same manner in 
New Zealand ruI in Buropc; for Professor J . 

• 'Nature,' November 1877, p.28. 
t '1'roe.PhiLSoc.·ofManche~te'r.18i7,p,24.7, 
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von 1Janst has described - a. section ncar the 
coa..st, consisting of mica-schist, .. covered by 
".5 or G foot of loess, above which about 12 
"inches of vegetable soil bad accumulated:' 
Betwccn the loess and the mould there w-a,s 
a layer from 3 to G inches in thickness, 
oonsifJ-ting of "cores, implements, flakes, and 
"chips, all manufactured from hard basultic 
"rock." It is therefore probable that the 
aborigines, nt some former period, bad 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 the sur/ace of 
pasturo-land, after a time disappear, or, as 
they sa.y, work themselves downwards. Row 
JXlwdered lime, cindcrs, and heavy stones, 
can work down, and at the 8<'\mo mte, 
through the matted roots of a gI'llS8-CO\'ered 
surface, is a question which has probably 
never occurred to them.t 

• 'Tnm .. o( the New 7_111nd lnstitnte,' vol. :ril., 1880, ". 162. 
t Mr. Lind.yC.m~~le,ln a.letter{JuDelS3S)toSirC. Lyell, 

rtma.rka tbat Sct>t.ch (armers ~re a(mid or putting lime Oil 
pIoogbedland until jnn bcfom it i. lIid down ror J,Uture, (rom 
a belie( that it lw lOIlIe tendency w.ink. lIe add.: .. Some 

L 2 
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TIle Sinking of great Stones tllNJUgh the 
Action of TVQrnL5.-When a stone of large 
size and of irregular shape is left on the 
Rurf.'lCC of the ground, it rests. of course, 
on tJ1e more protuberant parts ; but worms 
fIOOn fill up with their castings all the hollow 
spaceB on the lower side; for, as ]Jensen re­
marks, they like the shelter of stones. As 
soon as the hollo\v8 arc 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
c..wntcd directly beneath the stone after a 
time collapse, the stone sinks a little,- Hence 
it is, that boulders which at some ancient 

yea .. ainoe,inautumn,l laid limeonan OI.\.llnbbleand ploughed 
It down; thUI briDging it ;010 immediate _tact ... ith the dNd 
ytgetablematUr,aoolleCuringitathorougbmixturetbroughthe 
mealllOfailthe ... bwquflltopen.t.ionIoffaliow. ill oonalqllenoe 
of the above pnljooice, I ..... OOIllllJf~ to hue oommitud a 
\:l'tIIItfault; buttheWlultw"/!OIlnentIYIUOOlWful,aud tbe 
practiOll w"" p<Jrlially followed. By meatLi of !ok Darwin'. 
obicrvations, I thinli:tbep",judloewiH bercmo,ed.~ 

• This conclllsion, which, "" wo ~all immediately see, is fully 
iugtifiod,isortlOmelittleimportanoe, .. th~fIOoealledbeneh-stoDCII , 

whlcb trorveyon fix tlI tbe ground .. a reoonl of their lc~eb, 
may in time become blM Itandardll. lly..,nllOTloeinteudaat 
Io(lmo Cuture period to ucertaiu b<.w far tbi. baa occurred. 
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period have rolled down from a rocky moun­
tain or cliff on to a meadow at its bn.sc, are 
always somewhat embedded in the soil; and, 
when removed, leave an exact impression of 
their lower surfaces in tllO under-lying fine 
mould. If, howevel', a boulder is of SUell 

huge dimensions, that the earth beneath is 
kept dry, such earth will 110t be inhabited 
by worms, and the boulder will not sink 
into the ground. 

A liml?kiln formerly stood in a grass-field 
near Leith Bill Place in Surrey, and was 
pulled down 35 years before my visit; 
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 bare 
flurfacc of broken brieks and mortar, close to 
the foundations of the kiln; but the whole 
surrounding surface is now covered with turf 
and mould. The two largest of these stones 
had never since been moved; nor eould this 
easily have been done, as, when I had them 
removed, it was the work of two men with 
levers. One of these stones, and not the 
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largest, was 64 inches long, 17 inches hroad, 
and from 9 to 10 inches in thickness. Its 
lower surface was somewhat protuberant in 
the middle; and this part still rested on 
broken hricks and mortar, showing the truth 
of the old workman's account. Beneath the 
hrick rubbish the natural sandy soil, full of 
fragments of sandstone was found; and this 
could have yielded very little, if at all, to 
the weight of the stone, as might have been 
expected if the sub-soil had heen clay. The 
surface of the field, for a distance 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 base of the stone was huried 
from 1 to 2 inches heneath the general level, 
and the upper surface projected about 8 
inches above this level, or about 4 inches 
above the sloping border of turf. After the 
removal of the stone it became evident that 
one of its pointed ends must at first have 
stood clear ahove the ground hy some inches, 
hut its upper surface was now on a level 
with the surrounding turf. When the stone 
was removed, an exact cast of' its lower 
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side, forming a shallow crateriform hollow, 
was left, the inner surface of which consisted 
of fine black mould, excepting where the 
more protuberant parts rested on tbe brick­
rubbish. A transverse section of this stone, 
together with its bed, drawn from measure­
ments made "fter it bad been displaced, is 
here given on a scale of ! inch to a foot 
(Fig. 6). The turf-covered border which 

Fig. 6. 

A .• ",,,rnl"level.·.rt.hefielrl 'l1lC 
ScAl, 

sloped up to the stone, consisted of fine 
vegetable mould, in one part 7 inches j 11 

thickness. This evidently consisted of worm­
castings, several of which had heen recently 
ejected. The whole stone had sunk in the 
thirty-five years, as far as I could judge. 
about I! inch; and this must have been due 
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to the brick-rubbish beneath the more pro­
tuberant parts 11fl.villg been undermined by 
worms. A t this rate the upper surface of the 
stone, if it had been left undisturbed, would 
have sunk to the general level of the field 
in 247 years; but before this could have 
occurred, some oorth would bave been washed 
down by heavy min from the castings on the 
mised border of turf over the upper surface 
of the stone. 

The second stone was larger than the onc 
just described, viz., 67 inches in length, 39 in 
breadth, and Hi in thickness. The lower 
surface was nearly flat, 80 that the. worms 
must soon have been compelled to eject their 
castings beyond its circumference. The stone 
as a whole had sunk about 2 inches into the 
ground. .A t this rate it would have required 
26~ years for its upper surface to have sunk 
to the general level of the field. The up-. 
wardly sloping, turf-covered border round 
the stone was brooder than in the Jast case, 
viz., from 14 to 16 inches; and why this 
should be so, I could sec no reaSOll. In moet 
parts this border was not so high as in the 
last case, viz., from 2 to 2! inches, but in one 
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place it was as much as 5t. 118 a\'erage 
height close to the stone was probo.bly about 
3 inches, and it thinned out to nothing. If 
so, a layer of fine earth, 15 inches in breadth 
and l! inch in a.verage thickness, of sufficient 
Jellgth to surround the wholo of j,lle much 

elongated slab, must have been brought up 
by the worms in chief part from beneath the 
stone in the course of 35 years. 'I'his 
amount would be amply sufficient to account 
for its having sunk about 2 inches into the 
ground; more especially if we bear in mind 
that a good dcal of the finest earth would 
ha.ve been washed by hea.vy rain from the 
castillgt'l ejected on the sloping border down 
to tho level of tile field. Some fresh castings 
wero seen close to the stone. Nevertheless, 
on digging a large hole to a. depth of 18 
inches where the stone had lain, only two 
worms and a. few burrows were sccn, although 
the soil was damp and seemed favourable for 
worms. There were some large colonies of 
ant.s beneath the stolle, and possibly since 
their establishment the worms llad decreased 
in number. 

1.'he third stone was only about half as 

Th. C~te Work of Charles D_1n ..II'le 
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large us the others; amI two strong boys 
could together have rolled it O\'(,T. I have 
no doubt that it lw,d been rolled over at a 
moderately recent time, for it now Jay at 
Borne dist .. mce from the two other stones at 
the bottom of a little adjoining slope. It 
rested also on fine earth, instead of partly OIl 

brick-rubbish. In agreement with this con­
clusion, the raised su rrounding border of 
turf was only 1 inch high in some parts, and 
2 inches in other parts. There were no 
colonies of ants beneath this stone, and on 
digging a hole where it had lain, several 
burrows and worms were found. 

At Stonehenge, some of the outer Druidical 
stones are now prostrate, having fallen at a 
remote but unknown period; and these have 
become buried to a moderate depth in the 
ground. They are surrounded by sloping 
borders of turf, on which recent castings were 
seen. Close to onc of these fallen stones, 
which was 17 ft. long, 6 ft. broad, and 28! 
inches thick, a hole was dug; and herc the 
vegetable mould was at least 9! inches in 
thickness. At this depth a flint was found, 
and a little higher up on one side of the hole 

I",. W rI< f I"'~ rwin nli '" 
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a fragment of glass. The bose of tho stone 
lay about 9~ inches beneath the level of the 
surrounding ground, and its upper surface 
19 inches above the ground. 

A holo was also dug close to a socond hugo 
stone., which in falling had broken into two 
pieces; and th is must have happoned long 
ago, judging from the weathered aspect of 
the fractured ends. The base was buried to 
a depth of 10 inches, as was ascertained by 
dri\,ing an iron skewer horizontally into the 
grOllnd beneath it. The vegetable mould 
forming the turf-covered sloping border round 
the stone, on which many castings had re­
oontly been ejected, was 10 inches in thick­
Iless; Ilnd most of this mould must havo boon 
brought up by worms from beneath its base. 
At n. di13tanoo of 8 yards from the stono, the 
mould was only S! inches in thickness (with 
II. 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 
pressuro or weight of tbe stono. 

A stl'night rod was fixed horizont.'\lly (by 
the aid of a spirit-level) across a third faUen 
stone, which was 7 feet 9 inches 101lg; and the 
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contour of the projecting parts and of the ad­
joining ground, which was not quite level, 
was thus ascertaiued, as shown in the ac­
companying diagram (Fig. 7) on a scale of 

l<~ig. 7. 

! inch to a foot. The tnrf-covered horder 
sloped up to the stone on one side to a 
height of 4 inches, and on the opposite side 
to only 2! inches ahove the general level. 
A hole was dug on the eastern side, and the 
base 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-covered border. 

Sufficient evidence has now been given 
showing that small objects left on the surface 
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of the land where worms abound soon get 
buried, and that large stones sink slowly 
downwards through the same means. Every 
step of the process could be followed, from the 
accidental deposition of a single casting on a 
small object lying loose on the surface, to it. 
being entangled amidst the matted roots of' 
the turf, and lastly to its being embedded in 
the mould at various depths beneath the 
surface. When the same field was re-ex­
amined after the interval of a few years, such 
objects were found at a greater depth than 
before. The straightness and regularity of 
the lines formed by the embedded objects, 
and their parallelism with the surface of the 
land, are the most striking features of the 
case; for this parallelism shows how equahly 
the worms must have worked; the result 
being, however, partly tbe effect of the wasb­
ing down of the fresh castings by rain. The 
specific gravity of tbe objects does not affect 
their rate of sinking, as could be seen by 
porous cinders, burnt marl, cbalk and quartz 
pebbles, baving all sunk to the same depth 
within tbe same time. Considering tbe 
nature of the substratum, wbich at Leith Hill 

©The ComoleteWQrKofCharlesOarwlnOnlif1e 
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Place was sandy soil including many bits of 
rock, and at Stonehenge, cbalk.rubble with 
broken flints; considering, also, the presence 
of the turf--covered sloping border of mould 
round the great fragments of stone at both 
these places, their sinking does not appear to 
have been sensibly aided by their weight, 
though this was considerable.-

On tile number of worm.s whiclt live witldn 
a giuen space.-We will now show, firstly, 
what a vast number of worms live unseen by 
us beneath our feet, and, secondly, the actual 
weight of the earth which they bring up to 

the surface within a given space ali.d within 
a given time. Hensen, who has published so 
full and interesting an account of the habit .. 
of worms,t calculates, from the number which 
he found in a measured space, that there must 
exist 133,000 living worms in a hectare of 

• Mr. R. Ma\let rcmaib (' Quarterly Journal of Goolog. Soc. 
vol.x:l1iH.,1877,p.U5)tha~"theexteottowhi~h the ground 
beneath the foundations of ponderom archiw.:tural struCtures, 
su~h ILl CIlthlld",\ tow~l'II, hILI been known to beoome oomprtseed, 
il u remarkable 8JI it is in.tructive aod curious. The amount 
of dIlpr1l8lion iu !lOme CNIIlI may be measured by feet.~ He 
iDl!tauC<!llthc Tower of l'is&, but addB tbat ilwWl foundlld {)ll 
"de"",day.~ 

t 'Zeit.8ehrifl. fUr wisseulCh. Zoolog.' Bd.xxvlii. , 1877,p.354 
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land,' or 53, iGi in an acre. l'his latter 
number of worms would weigh 35G pounds, 
taking ]Jensen's standard of the weight of a 
single worm, namely, one gram. It should, 
however, be noted that this calculation is 
founded on the numbers found in a garden, 
and llenseu belie,'es that worms are here 
twico as numerous as in corn-fields. The 
above result, astonishing though it be, seems 
to me credible, judging from the number of 
worms which I have sometimes seen, and 
from the numher daily destroyed by birds 
without the species being exterminated. 
Some barrels of bad ale were lel~ 011 Mr, 
Miller's land,- in the hope of making vinegar, 
but the vinegar proved bad, and the barrels 
were upset. It shou ld be premised that acetic 
acid is 90 deadly a poison to worms that 
Perrier found that a glass rod dipped into 
this acid and then into a considerable body of 
w,lter in which worms were immersed, in­
variably killed them quickly. On the morn­
ing after the barrels had been upset, "the 
.< hoops of worms which lay dead on the 

• Seelolr, Dallocr'lpa.per in'Proc.l'hiI.Soe,Qf)Ia.ochOllter,' -.- . 
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"ground werc so amazing, that if Mr. Miller 
"had nol seen them, be could not have 
"thought it possible for such numbers to 
" have existed in the space." As further evi­
dence of the large Humber of worms which 
live in the ground, Hensen states that he 
found in :.I. garden sixty-four open burrows in 
a space of 14!- square feet, that is, nine in 
2 square feet. But the burrows are somc­
t imes much more numerous, for when digging 
in a grass.ficld ncar Maer Hall, I found a 
cake of dry earth, as large as my two open 
hands, which was penetrated by seven bur­
rows, as large as goose-q uills. 

1 Veiglli oj the earth ejected from a single 
burrolo, and from all the burrows within a 
given 8pace.~With respect to the weight of 
the earth daily ejected by worms, Hensen 
found that it amounted, in the case of some 
worms which he kept in confinement, and 
which be appears to have fed with leaves, to 

only 0·5 gram, or less than 8 grains per 
diem. But a very much larger amount 
must be ejected by worms in their natural 
aL'l.te, at the periods when they consumo earth 
as food instead of leaves, and when they are 
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making deep burrows. This is rendered 
almost certain bytbe following weights of the 
castings thrown up a.t the mouths of single 
burrows; tho whole of which appearoo to 
havo been ~jected within no long time, as was 
ccrt.'Linly the ca.se in several instances. The 
castings woro dried (excepting in one specified 
instance) by exposure during many days to 
the SUIl or before a. hot fire. 

0'" 8l.'iOLil &1111(1 .... 

(l¥..DO .... n,Komt~b-eoilredd.aY,fUlloCllint.,o .. eT-J 
~:5 t:!i e:lkthe Z:::. ~~ ~::~ID!.l~~~~h! 3'9/1 
lulHoll beill!! here ~hlllow. In thi. one ca.te, the 
culingwullot .... clldried .. .. .. .. 

(2.) J?own.-LRrgett CIUIting ",hieh I oonld fiUd(COn_j 

;!:ng;.~~e!>, ~n~I:'ili: :::>':r ttt~~lr~i: 3'1;7 
mentiOl1eduRder(1.) .. .. .. .. 

(3.) Do'll'o.-AlIrg$Clllting, butDOtntu~ulu31 ri~'1 
{1Qm"1lMJ'11Ie .. eI~ld,poorplLllture,lIiddownlD l'Z2 
~ .. bout3li"e&nIhefo", ........ 

(4.) Do. wn.-A .. er..i\e 'night of U.DOllatgeCIIIliDltlj 

i:~fI':""":=~~~h:O~'l:in~~ 0'7 
dunog II. COIlIide.,.ble length oftlme 10 rain .~ 

(5.) Near NICe in ~·ranoe.-A"erage ftIJl:bt of 1:! 
mIIlinp or ordinary dilMnsioDA,collcctOO by Dr. 
King on IRIU\ which had DOt been mown fur a long 
time and whe", worml abounded, viz., a Inwn pnr 
l.ecledbylhrnboori .... nCllrthele8;l()il.ndyand l'3i 
ealco.reoul;th __ tingahadbeenexpollt'd(or.omc 
time 10 rain, before bcin~ CQ\1ec~, &nd mUlt hav~ 
loltllOme .. ·t'igbt bydisintegra.tion,buLtb~y.tiUre­
tl.inedthdrfontt .. .. .. •. .. 

he Comolete W rk of Charles DarwIn Dnhn 



162 WEIGHT OF EARTH CIIA.!'. ill. 

In this table we see that castings which had 
been ejected at the mouth of the same uurrow, 
and which in most cases appeared fresh and 
always retained their vermiform (.'onfiguration, 
generally exceeded an ounce in weight after 
being dried, and sometimes nearly equalled a 
quarter of a pound. On the Nilgiri moun· 
taillS onc casting even exceeded this latter 
weight. 'rha largest castings in England 
were found Oil extremely poor pasture-land; 
and these, as far as I have seen, are generally 
larger than those on land producing a rich 
vegetation. It would appear that worms 
have to swallow a greater amount of earth 
on poor than on rich land, in order to obtain 
sufficient uutriment. 

With respect to the tower-like castings 

Th k f h rI ~ 
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near Nice (Nos. 5 and 6 in the above table), 
Dr. King often found five or six of them on 
8 square foot of surface; and these, judging 
from their average weight., would have 
weighed together 7 k ounces; so that the 
weight of those on a square yard would 
have heen 41b. 3t oz. Dr. King collected, 
near the close of the year 1872, aU the 
castings which still retained their vermiform 
ililape, whether broken down or not, from a 
equare foot, in a place abounding with worm>":!, 
011 the summit of a bank, where no castings 
could have rotled down from above. These 
castings must have been ejected, as he judged 
from their appearnnce in referenoo to the 
min)' and dry periods near Nice, within the 
previous fi ve or six: months j they weighed 
!l~ oz., or Sib. 5k oz. per square yard. After 
all interval 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! O'/- . 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 

~ 2 
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yard; and this would gi,-e 14'58 tons per 
ncre. 

In a field at the bottom of a valley in the 
chalk (sec No.2 in the foregoing table), a 
scpmro yard was me.'l8UrOO nt a spot where 
VCI'Y largo castings abounded; they appeared, 
however, almost equally numerous in a few 
other plaoos. 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 
rolled witb a heavy agricultural roller fifty-two 
days before, and this would certainly have 
flattened every single casting on the land. 
The weather had been very dry for two or 
th1'OO weeks before the day of collection, so 
that not one casting appeared fresh or had 
boon reoontly ejected . We may therefore 
assume that those which were weighed had 
been ejected within, wo will say, forty-fiye 
days from the time when the field was rolled,­
that if!, one week short of the whole inter­
vening period. I had examinoo the same 
part of the field shortly before it was rolled, 
and it then abounded with fresh castings. 
Worms do not work in dry weather during 

~n (;n;nl'll'teWori< ofCh"rl ......... n! ~I""" 
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the summer, or in winter during severe frosts. 
If we assume that they work for only half 
the yc.,\f-though this is too Iowan estimate 
-then the worms in this field would eject 
during the year, 83-87 pounds per square 
yard; Or 18-12 tons per acre, agsuming the 
whole surface to be equally productive in 
castings. 

In the foregoing cases some of the 
necessary data. bad to be estimated, but in 
the two following cases the results are lUuch 
more trustworthy. A.. lady, on whose ac­
curacy 1 can implicitly rely, offered to collect 
during a. year all the castings thrown up on 
two separate square yards, near Leith Hill 
Placc, in Surrey. 'fhe amount collectod was, 
however, somewhat less than that originally 
ejected by the worms; for, as ! have re]le.'\tedly 
observed, a good deal of the finest earth is 
washed away, whenever castings are throwil up 
during or shortly before heavy rain. 801.'\11 
portiolls also adhered to the surrounding 
blades of grass, nud it required too much 
time to detach everyone of them. On 
sandy soil, as in the proscnt instance, castings 
are liable to crumble after dry weather, and 

n-...,;r.m teWori<ofCh"lrl DA ...... onnln .. 
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particles were thus often lost. 'fhe lady also 
OCC3sionally left home for flo week or twoJ and 

at such times the castings must have suffered 
still greater loss from exposure to tbe weather. 
These losses were, however, compensated to 
@orne extent by the collections having been 
made 011 one of the squares for four days, and 
on the other square for two days more than 
the year . 

.A. space was select.ed (October 9th, 1870) 
on a broad, gross-covered terrace, which had 
been mowed and swept duriug many years. 
I t faced t}lO south, but was shaded during 
part of the day by trees. It had boon 
formed at least a century ago by a great 
accumulation of small and large fragmcnta of 
sandstone, together with some sandy earth, 
rammed down level. Jt is probable that it 
was at first protected by being covered with 
turf. This terrace, judging from tho number 
of castings on it, was rather unfavourable for 
the existence of wonne, in comparison with 
the neighbouring fields and an upper terrace.' 
It was indeed surprising that as many worms 
could live here as were seen; for on digging 
a hole in this terrace, the black ycget~ble 

A The Como.e.te ...... ork f "\A 
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mould together with the turf was only four 
inches in thicl-ness. beneath Wllich lay the 
level surface of Iight-<:oloured sandy soil, with 
mnny fmgments of sandstone. Before any 
castings wore collect.ed all tho previously 
existing onos 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! Ibs. 
']'bis would give for an acre of similar land 
7'56 tons or dry earth annually ejected by 
worms, 

The second square was marked on UIl­

enclosed common land, at a height or about 
700 ft. above the sea, at some little dislance 
from Leith nil! Tower. The surface was 
clothed with short, fine turf, and had Dever 
been disturbed by the hand of man. The 
spot selected appeared neither particularly 
favourable nor the reverse for worms; hut I 
havo orten noticed that castings arc especially 
abundant on common land, and this may, 
perhaps, be attributed to the poorness of 
tho soil. The vegetable mould WfUi FIere 
betwcen three and four inches in thickness. 
As this spot was at some distance from the 

L-__ "-".o-£;:..J.noJete Work of Charle5 0811 .... ,., Onl .e 
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house where the lady lived, the castings wero 
not collected at such short intervals of time 
as those 011 the terrace; consequently the 
loss of fine carth during rainy weather must 
have been greater in this than ill the last 
case. Tile castings moreover were more 
srr.ndy, and in collecting them during dry 
weather they sometimes crumbled into dUBt, 
and mucll was thus 108t. Therefore it is 
certain that the worms brought up to the 
surface considerably morc carth than that 
which was collected. The last collection 
was made on October 27th, 1871 ; i.e., 367 
days after the square had been marked out 
and the surface cleared of all pre-existing 
castings. 'fhe collected castings, after being 
well 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. 

SOJIllUIiTOPTII&P'OC'BPOUllOlliCOC.t..I1ES. 

(1.) C ... tlngl~jceted near Niee within aboutaYCI.J,oollocted 
by Dr. KiDJon I "'llllue foot nf turface,Clleulatedtoyicld pet 
acre 14'68 ton.. 

(2.) c..tinpcjeekddnringlbout 4GdaYfonaiquare yard, 
ina field of poor JlIWIture It the botlODlorl large.llleyiuth. 
Chll.k.ealeulatedtoyieldaDnull..lyperac~18·12c.on.. 

(8.) Cutinprollected {rom a "'l1W'fl yard on III old terraeeat 

.c The (;(.mDlete Work of Charles DSrwll Onhne 
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LeltbllillP1aoe.dllring369daYI,CIIlcmlaledtoyleldannllAlly 
per acnl 7'66 tona. 

(4.) Outinp collected from a .. uanl yard 011 Leilh Hill 
00mlllOllduring3l.l7daYl,calcuialed to yield allllualllper-.cnl 
16·ltona. 

TIle lhicl.:ne8lJ of the layer of mould, whiJ;'£ 
castings ejected du.ring a year would fo,.m if 
unijorrni!l tpread out.-AJ:I we know from 
the two last cases in tbe above summary, the 
weight of the dried castings ejcctod by worms 
during a year on a square yard of surface, I 
wished to lcarn how thick a layer of ordinary 
mould this amount would form if spread UDi~ 
fonnly over a square yard. The dry castings 
were therofore broken into small particles, 
and whilst being placed in a measure were 
well shaken and pressed down. Thoeo ool~ 

looted on the Terrace amounted to 124'77 
cubic inchea; and tbis amount, if J:lproad out 
over a. square yard, would make a byer 
'09612 inch in thickness. Those ooUooted on 
the Common amounted to H17'56 cubic inches., 
and would make a similar layer '152'~ inch in 
thickness. 

These thicknesses must, however, be oor­
rooted, for the triturated castings, after being 
well shaken down and pressed, did not make 
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neatly so compact a maIl! as vegetable mould, 
though each separate particle was Yery 
compact. Yet mould is far from being com­
pact, as is sbown by tbe number of air­
bubbles which rise up when the surface is 
flooded with water. It is moreover pene­
trated by many fine roots. 1'0 llSCertain ap­
proximately by ho\v much ordinary veget:lble 
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 off) was measured 
before being broken up, wae well dried and 
again mcuaured. Tho drying caused it to 
shrink by + of its original bulk, judging from 
exterior measurements alone. It was then 
triturated and partly reduced to powder, in the 
8<'lroe manner as the castings had been treated, 
and its bulk now exceeded (notwilhstanding 
shrinkage from drying) by * that of tbe 
original block of damp mould. Therefore the 
above calculated thickness of the layer, formed 
by the castings from the Terrace, after being 
damped and spread over a square yard, would 
have to be reduced by ,\; and this will 
rodnco the layer to ·09 of an inch, so that a 

The..;om I t W fr.~ rI f);orwt.Onhn 
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layer ·0 inch in thickness would be formed in 
tho course of ten years. On the sarno prin­
ciple tho castings from tho Common would 
mako in tho course of a single year a layer 
·14,20 inch, or ill tho course of 10 years 1·420 
inch, in thickness. We may say in round 
Ilumben tlJat the thickness in the former case 
would amount to ne:uly I inch, and in the 
second case to Dearly Ii inch in 10 years. 

In order to compare these resllits witb 
those deduced from the rates at which small 
objects left on the surfaccs of grass-fiold8 
become buried (as described in tho cnrly part 
of this chapter), we will give tho following 
summary:-

fluXXAIlT or 'rll& TRlCltlC&ltJ OP TIlII 1I0ll'LD AcctrXU'l..&TD> 

0\'11. Oll.l'r.cn Lll:PT n'II~"'1W 0)( Til. S>.:.r .. CII, IIIf TNE 

TbeaceumulAtlonofmoulddttrillg HI yfRl'll OIl tbe Rlrflooe 

of a dry,lIIIdy • .v-field lieu MlIH Uall,lJUOtlllt<!d 102'2 
iochNln 10y<»l8. 

The aecumulltion during 2lt year. 00 ~ .... mpy field Dcar 
lfacrIlRll,.monllledto~rlyl·9illc"ioIOyear.. 

Theac<:olllubt.tion during 7 ye:a .. on a very "nlmpyfidd ucar 
:Mild UIIII ~",(>untoo to 2'1 incheol in 10 yea ... 

1'he Uocumul~tion .luting 29 yea.., on good, .rgil1aoeou 
pLSturc-l.nd oycr the Chalk at Down, amounted t02'21llchCl in 
10 yea ... 

1'hc ICCIImlll.tioo du riog 80 yean 00 tbe IIIde oIa y.ncy over 
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tlulCht.lk at Down,tbe..xl beiDg al'gillaeeou.,,,ery poor,and 
0011 jU5tOOD"ertfdintoi*lto~("lll.I.tlt ..... fOfllOtIlepan 
unLt.vourable fur ... "IlIIt}, amo.mted to O·83lucbe. in 10 yearL 

In these c..1seS (excepting the lnst) 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. 'I'his excess 
may be partly accounted for by the 1088 which 
the weighed castings had previously under­
gone through being washed by min, 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 
which in all ordinary cases add to the 
amount of mould, and which would not be 
included in the castings that wero collected, 
namely, tbe fine eartb brought up to the 
surface by burrowing larvre 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 ooun­
tries, moreover, the wind plays an important 
part iu carrying dust from one place to another, 
and oven in England it must add to the mould 

!,..:on.L>i t W rk h it-- rWlnOnlln ... 
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on fields near grcat roads. But in our county 
thc86 latter severnl agencies appear to be of 
quite subordinate importance in comparison 
with the action of WOl'IDl!. 

We have no means of judging bow great a 
weight of carth a single full-sii".ed worm ejects 
during a year. Hensen estimates that 53,767 
worms exist in an acre of land; hut this is 
founded on the number found in gardens, and 
he believes that only about half as many Jive 
in corn-fields. ITow many live in old pasture 
land is unknown; hut if we assume that half 
the above unmber, or 26,886 worms live on 
such Inud, then taking from the previous 
summary 15 tons as the weight of the castings 
anmmlly thrown up on an acre of laud, each 
wonn must anuually eject 20 ounces. A full ­
si7.ed casting at the mouth of a single burrow 
of ton exceeds, as we have seen, an ounce in 
weight; and it is probable that worms eject 
more than 20 full -sized casting8 during a 
year. If they eject annually morc than 20 
ounces, we may infer that the worms which 
live in an acre of pasture land must be less 
than 26,8SB in numOOr. 

WOl'mslive ~hieflyin the Buperficial mould, 

haCom I t W rk i'l -, ArWrlOnlln 
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wllich is usually from <1 or 6 to 10 and even 
] 2 inches ill thickness j and it is this mould 
which passcs over and over again through 
their bodies and is brought to the surface. 
But worms occasionally burrow into the sub­
soil to a much greater depth, and on such 
occasions they bring up earth from this 
greater depth; and this process has gone on 
for countless l\,rre8. 1'herotore the superficial 
layer of mould would ultimately attain, 
though at a slower and slower rate, a. thick. 
ness equal to the depth to which worms 
ever burrow, were there not otllcr opposing 
agencies at work which carry away to a. 
lower le.vel some of the fincst earth which is 
continually being brought t.o the surface by 
worms. ITow great a thickness veget .. tblu 
mould ever attains, I have not had good 
opportunities for observing; but in the next 
chapter, when we consider the burial of 
ancient buildings, some facts will be given on 
this bead. In the two last chapters we 
shall see that the soil is actually increased, 
though only to a small degrcc, through the 
agency of worms; but their chief work j~ 

to sift the £iner from the coarscr particles, to 
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mingle the whole with vegetable debris, and 
to satumte it with their intestinal r;ocretiolls. 

Finally, no one who considers the facts 
given in this chapter-ou the burying of 
small objects and on the sinking of great 
stones left on the snrface-on the vast 
number of worms which live within a 
moderate extent of ground-on tho weight or 
the castings ejected from the mouth or tho 
same burrow- on the weight of all tbe cas~ 
illgsejected within a, known time on a measured 
space-will hereafter, as 1 believe, doubt that 
worms play an important part in nature. 

The Comolete Work of Charles Darwin Oriline 
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CIIAPTER IV. 

TDE PART wmell WORMS DAYE PLAYED IN 

TIn: BURIAL OF ANCIENT EUtLOlXGS. 

'l'heaccumulatiOllofrubbilh 00 the siWl of great eiti08 inde­
pendent of the IICtioll of w()ITJ}s-Tile burial of a Homan "ma 
at Abinger~The floors and walls penetmtOO by wmm_ 
Su~ide"ce of & lnodem p.wement-The buri".!. pavement &t 

Beaulieu Abbe,-!wman \'illaa at Chooworth and Brnding_ 
The mrut.lnl Gf the Homan town at Sileh\l6te,......The natu..., of 
the debris by whkh the remaiDl are oovered-The ~etration 
of the teMelated fl<.lOl'3 and walls by worm!l-8ubeidcllce of 
the floors-Thickne!!8 of the mou~d-The old Homan city of 
Wroxeter-Thicku_ of the lnQUld-Depth of the fooudatioul 
ofl!QmeoftheBuildin~dusiQU. 

ARCH.£OWQTSTS 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 aafely preserved, until 
the land at some future time is turned up. 
For instance, many years ago a grass-fieJd 

W rk r ~ rwn nli 



ell.,. IV. OF A.."iCIE~"T BUJJ,DINGS. 177 

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 
MI'. Blakeway, a local antiquary, believed, 
were relics of the battle of Shrewsbury in the 
year 1403, and no doubt had been originally 
left strewed on the battle-field. In the 
present chapter I shall show that not only 
implements, &c., are thus preserved, but tha.t 
the floors and the remains of many ancient 
buildings in England ha.ve been buried so 
effectually, in large part through the action 
of worms, tha.t they have been discovered in 
rocent times solely through various accidents. 
The enormous beds of rubbish, several yards 
ill thicklleS!!, which underlie many cities, 
such as Rome, Paris, and London, the lower 
one8 being of great antiquity, are not here 
referred to, as they have not been in any 
way acted OIl by worms. When we con­
sider how much matter is daily brought into 
a great city for building, fuel, clothing and 
fOod, and that in old times when the roads 
were bad and the work of the scavenger 
was neglected, a eompn.ratively small amount 
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was carried away, we ma.y agree with 
Elie de Beaumont, who, in discussing this 
subject, says, "ponr une voiture de mareriaux 
" qui en sort., on y en fait entTer cent.."· ~or 
should we overlook the effects of fires, the 
demolition of old buildings, and the removal 
of rubbish to the nearest vacant space. 

Abinger, SUI'rey.-Late in the auttlmn of 
1876, the ground in an old farm-yard at this 
place was dug to a depth of 2 to 2! feet, and 
the workmen found various ancient remains. 
This led Mr. '1' . n. Farrer of Abinger Hall to 
have an adjoining ploughed field searched. 
On a trench being dug, a layer of concrete, 
st ill partly covered with tesser:n (small red 
tiles), and surrounded on two sides by broken­
down walls, was soon discovered. It is 
believed t that tbis room formed part of the 
atrium or reception-room of a Roman villa. 
The walls of two 0 r three other small rooms 
were afterwards discovered . ~Iany fragments 
of pottery, other objects, and coins of several 

.. 'r...e.,ou8de Gl!ologierratiqu~,' 1845, p.142. 
t A 800rt /\COOuut of thi, dillC<wcry wu published iu 'The 

Time. ' of January 2, 1818; Md a rnUer account in "1'he 
lluildcr,' Jaulary 5,1878. 
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RQman emperors, datiug from 133 to 36 1, and 
perhaps to 3i5 A.D., wcre likewise found. 
Also a half-penny of George 1., 1715. The 
presence of this lattcr coin seems an anomaly; 
but no doubt it was dropped on the ground 
during the last century, and since then there 
has been ample time for its burial under a 
considerable depth of the castings of worms. 
From the different dates of the Roman coins 
we may infer that the building was long 
inhabited. It was probably ruined and 
deserted 1400 or 1500 years ago. 

r was present during the commenccment of 
the excavations (August 20, 1877) and Mr. 
Farrer had two deep trenches dug at opposite 
ends of the atrinm, so that I might examine 
the nature of the soil near the rem.'\ins. 
The field sloped from Co.'\st to wost at an angle 
of about 'r'; and one of the two trenches, 
shown in the accompanying section (Fig. 8) 
was at the upper or eastern end. 'fhe 
diagram is on a seale of )ll(j' of an inch to an 
inch; but the trench, which was between 4 

aod 5 fcot broad, and in parts above 5 feet 
deep, has neccss..'lriiy been reduced out of all 
proportion. The fine mould over the floor 

~ 2 

L. _ _ --'h.. C~te Work of Charles DIIIWIIl_..IIle 



180 BURIAL OF THE REMAINS C •••. IV. 

Fig.S. 

Section through the foundations of a buried Roman "illa at 
Abinger. A A, v{'getablemouldj B,dnrk earth full ofstODCS. 
13 inches in thickness; C, black mould j D, broken mortar; 
E, black mould; Ii' F, undisturbed sub-soil; G, tcsserro; H 
concrete; r,naturcunknOWDj W,buriedwall. 
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of the atrium 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 heen removed, the floor 
appeared as a whole moderately level; hut it 
sloped in parts at an angle of 1°, and in one 
place near the outside at as much as 8° :l0'· 
The wall surrounding the pavement was 
built of rough stones, and was 23 inches in 
thickness where the trench was dug. I ts 
hroken summit was here 13 inches, but in 
another part 15 inches, beneath the surface of 
the field, heing 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, where the junction of the 
concrete floor with the bounding walls could 
be carefully examined, 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 (tv), the mould varied from 9 to 
14 inches in thickness; it rested on a mass (B) 



182 13t"RlAL OF THE RE1[AIXS CIlAI'. n'. 

23 inches thick of blackish earth, including 
many large stoncs. Beneath this was a thin 
bed of very black mould (0), then a layer of 
earth full of fragments of mortar CD), and 
then another thin bed (about 3 inches thick) 
(F) of very black mould, which rested on the 
undisturbed subsoil (f) of firm, yellowish, 
argillaceous sand. The 23-incb bed (B) was 
prob.'l.bly made ground, as this would have 
brought up the floor of the room to a level 
with that of the atrium. The two thin beds 
of black mould at the bottom of the trench 
evidently marked two former land-surfhces. 
Outside the walls of the northern room, many 
bones, ashes, oyster-shells, broken pottery and 
an entire pot were subsequently found at a 
dtOpth 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 64- inches in thickness, and it 
rested on a mw-s of fine earth full of stones, 
broken tiles and fragments of mortar, 34 
inches in thickness, beneath which was the 
undisturbed sand. Most of this earth had 
probably been washed down from the upper 
part of the field, and the fragments of 
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8tones., tiles, (\>:c., must ha"e come from tile 
immediately adjoining ruins. 

It appears at 6.rst sight a surprising fact 
that this field of light sandy soil should hl'lYe 
been cultivated and ploughed during mnny 
years, and that not a Yestige of these buildings 
should have been discovered. No one even 
suspe<:tOO that the remain8 of a Roman 
villa lay hidden close beneath the surf.'\ce. 
But the fact is less surpri8ing wIlen it i8 
known that the field, as the bailiff believed, 
had never been ploughed to a greater depth 
than 4 inches. It is certain that when the 
land was first ploughed, the pavement and 
the surrounding brokcu walls must have been 
covered by at least 4 inches of soil, for other. 
wise tho rotten concrete Boor would Iw.ve 
been soored by the plonghshare, the tcsscrre 
torn up, and the tops of the old walls 
knocked down. 

When the concrete and tesscrro were first. 
eleared over a apace of 14 by !J ft., the floor 
which wns coated with trodden..down earth 
exhibited no signs of having boon penetrated 
by worms; Rnd althongh the overlying fine 
mould closely resembled that which in many 
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places has certainly been accumulated by 
wonns, yet it seemed hardly poSRible that this 
mould could have been brought up by worms 
from beneath the apparently BOund floor. It 
seemed also extremely improbable that the 
thiek walls, surrouudiug the room and still 
united to the concrete, had been undermined 
by worms, and bad thus been caused to sink, 
beiug 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 j but we shall soon see that this conclu­
sion was certninly erroneous, though much 
fine earth is known to be washed down from 
the upper part of the field in its present 
ploughed state during heavy rains. 

Although the concrete floor did not at 
first appear to have heen 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 
sevcn burrows, which passed through the 
sorter parts of the naked concrete, or between 
the interstices of the tesserre. On the third 
morning twenty-five burrows were counted; 
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aod by suddenly lifting up the little cakes of 
earth, four worms were IlOOn in the act 
of quickly retreating. Two castings were 
thrown up during the third night on the 
Jioor, an<l these were of large sixe. Tho 
season was not favourable for the full activity 
of worms, and the weather had lately been 
hot and dry, 80 that most of the worms now 
lived at a cousiderable depth. In digging 
the two trenches many open burrows and 
some worma were encountered at between 
30 and 40 inches beneath the surface; but at 
II. great~r depth they became rare. One 
worm, however, was cut through at 48!, and 
another at 51! inches beneath the lJurfa.ce. 
A fresh humus-lined burrow was also met 
with at a depth of 57 and another at 66l 
inches. At greater depths than this, neither 
burrowe nor worme were seen. 

As I wished to learn how many worms 
lived beneath the floor of tho atrium-a 
space of about 14 by 9 feet-Mr. Fam,lr 
was 80 kind as to mako observations for 
me, during the next seven weeke, by which 
time tho worms in the eurrounding country 
were in full activity, and were work.., 
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ing near the surface. It is very improbable 
t.hat worms should have migrated from the 
adjoining field into the sman space of the 
atrium, after the superficial mould in which 
t.hey prefer to live, had been removed. We 
may therefore conclude that the burrows and 
the castings which were seen here during the 
ensuing seven weeks were the work of the 
former inhabitants of the space. I will now 
give a. few extracts from Mr. Farrer's notes. 

Aug. 26th, 1877; that is, 6\'e days after 
the Boor had been cleared. On the previous 
night. there had been some heavy rain, which 
washed the surface clean, and now the mouths 
of forty burrows were counted. Parts of t.he 
concrete were seen to be solid, and had never 
been penetrated by worms, and here the rain· 
water lodged. 

Sept. 5th.-Tracks of worms, made during 
the previous night, could be seen on the sur· 
face of the floor, and five or six vermiform 
castings had been thrown up. 'l'hese were 
defaced. 

Sept. 12th.-During the Jast six days, the 
wonns have not been active, though many 
castings have been ejected in the neighbour. 
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ing fields j 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 whell a fresb burrow is spoken of, this 
generally means only that an old burrow bas 
been re-opened. Mr, Farrer was repeatedly 
struck with the pertinacity with which the 
worms re-opencd their old burrows, even when 
no earth was ejected from them. I have 
often observed the same fact, and generally 
the mouths of the burrows firo 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 course grains of sand, and SllCh little 
stones as they could find, round the mouths 
of their burrows. 

Sept. 13th; son wet weather. The moutllS 
of the burrows were re-opened, or castings 
wcre ejected, at 31 points; tllCse were all 
defi.lccd. 

Sept. 14th: 34 fresh llOIc8 or castings 
all defaced. 

Sept. 15th; 44 fresh holes, only 5 castings; 
all defaced. 
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Sept. 18th; 43 fresh holes, 8: castings ; all 
defaced. 

The number of castings 011 the surrounding 
fields was now very large. 

Sept. 19th; 40 holes, 8 castings; all 
defaced. 

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

Sept. 23r<i; 44 holes, 8 castings. 
Sept. 25th; 60 holes, no record of the 

number of castings. 
Oct. 13th; 6L boles, no record of the 

number of castings . 
.After an interval of three years, '1fr. Farrer, 

at my request, again looked at the concreto 
floor, and found the worms still at work. 

Knowing what great muscular power worms 
possess, and seeing bow soft the concrete was 
in many partB, I was not surprised at it.s 
lJaving been penetrated by their burrows; 
but it is a more surprising fact that the 
mortar between the rough stones of the thick 
walls, surrounding the rooms, was found by 
Mr. Farrer to 11ave been penetrated by worms. 
On August 26th, that is, five days after the 
ruins had been exposed, he obsen'ed four 
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open burrows on the broken summit of the 
eastern wall (W in Fig, 8); and, 011 Scptem~ 

ber 15th, other burrows similarly situnted 
were seen, It should also be notcd that in 
the perpendicular side of the trench (which 
was much deeper than is represented in 
Fig, 8) three recent burrows were seen, which 
ran obliqucly far down beneath the base of 
the old waIL 

We thus see tbatmany worms lived beneath 
the floor aud the walls of the atrium at the 
time when the excavations were made; and 
that they afterwards almost daily brought up 
earth to the surface from 1\ considerable 
depth. TIJere is not the slightest reason to 
doubt that worms have acted in this manner 
e\'er since the period when the concrete was 
sufficiently decayed to allow them to penetrate 
it; and even before that period they would 
have lived beneath the floor, as soon as it 
became pervious to rain, so that the soil 
beneath was kept damp. The floor and the 
walls must therefore have been continually 
undermined; and fine earth must have been 
heaped on them during many ccnturies, 
perhaps for a thousand years, If the burrows 
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Lcneatb the Roor and walls, which it is prob. 
able weTe formerly as numerous as they now 
arc, had not collapsed in the course of time 
in the manner formerly exphlined, the under­
lying carth would have been riddled with pas­
s..'lgcs like a sponge; and as this was not 
the case, we may feel sure that they ba\'e 
collapsed. The inevitable result of such col. 
lapsing during succcasivc centurie.:!, will have 
boon the slow subsidenoo of the floor and of the 
walls, and their. burial beneath the accumu­
lated worm-castings. The subsidence of a 
floor, whilst it still remains nearly horizontal, 
may at first appear improbable; but the case 
present!! no more real difficulty than that of 
loose objects strewed on the surface of a field, 
which, as we haye seen, become buried severnl 
incllC8 beneath the surface ill the course of a 
few ye..'lrs, though still fanning a horizont.'li 
layer parallel to the surface. The burial of 
the paved and level path on my lawn, which 
took place under my own observation, is an 
analogous case. Even tbose parts of the 
COHcreto floor which the worms could not 
penclrnte would almost ccrt.'linly have been 
undcrmined,and would havcsunk,like thegrcat 
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stonos at Leith Hill Place and Stonehenge. 
for the !IOiI would have been damp beneath 
them. But the rate of sinking of the dif­
ferent parts would not have been quite equal, 
and the floor was not quite level. The 
foundations of the boundary walls lie, as 
shown in the section, at a very small depth 
beneath t he surface; they would therefore 
have tended to subside at nearly the same 
rate ns the floor. But this would not have 
occurred if the foundations had hoen deep, 
as in the case of !lOme other Roman ruins 
presently to be described. 

Finally, we may infer that a large part of 
the fille vegetable mould, which covered the 
floor and the broken-down walls of this villa, 
in !lOme pla.ccs to a thickness of Hi inches, 
was brought up from below by worms. From 
facts hereafter to be gi ven there can be no 
doubt that some of the finest earth thus 
brought up will have lx.oen wa.shed down the 
sloping surf;,ce of the field during every heavy 
shower of raill. If this had 1I0t occurred 1\ 

greater amount of mould would have accumu­
lated OVl'lf the ruins than that now present. 
But beside the castings of worms and !lOme 

IL.._----"'""'" {;o.noJete Work of Charles Darwan 0nIi;..e 
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earth brought up by insecta, and some accu· 
mulation of dust, much fine earth will have 
been washed over the ruins from the upper 
parts of the field, since it has been under 
cultivation; and from over the ruins to the 
lower p..'l.rts of the slope; the present thick. 
ness of the mould being the resultant of these 
several agencies. 

I may here append a modern instnnce of 
the sinking of a pavement, commllDicated to 
me in 1871 by Mr. Ramsay, Director of the 
Geological Survey of England. A passage 
without a roof, 7" feet in length by 3 feet 2 
inches in width, ]ed from his house into the 
garden, and was p:wed with sla~ of Portland 
stonc. Several of these slabs were 16 inches 
square, others larger, and some a little Slllaller. 
This pavement had subsided about 3 inches 
along the middle of the passage, and two 
inches 011 each side, as could be soon by the 
Iincs of cement by which the slabs had been 
originally joined to the walls. The pave­
ment had thus become slightly concave along 
the middle; hut there was 110 subsidence at 
the end close to the house. Mr. Ramsay 

lheCom " t W 
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could not account for this sinking, until he 
observed that castings of black mould were 
frequently ejected along the linC8 of junction 
between the slabs; and these castings were 
regularly swept away. 'fhe several lincs of 
junction, including those with tho lateral 
walls, weTC altogether Sf! feet 2 inches in 
length. 'rho pavement did not present the 
appearance of ever having been renewed, 
and the house was believed to have been 
built about eighty-seven years ago. Con­
sidering all these circumstances, Mr. Ramsay 
does not doubt that the earth brought up by 
the worms since the pavement was first laid 
down, or rather since the decay of tho mortar 
allowed tho worms to burrow through it, and 
therefore within a much shorter time than 
the eighty-6Cvcn years, has sufficed to cause the 
sinking of the pavement to the above amount, 
except close to the house, whore the ground 
beneath would have been kept nearly dry. 

Beaulieu Abbey, Hampshire.-l'his abbey 
was destroyed by IIenry VIII., and there 
now remains only a portion of the southern 
aisle-wall. It is believed that the king had 
most of the stones carried away for building 

o 
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a castle; and it is certain that they hav6 been 
removed. The position of the nave-trousept 
was nscertnined not long ago by the 
foundations having been found j and the 
place is now marked by stones let into 
the ground . Where the abbey formerly 
stood, there now extends a smooth grass­
covered surfnce, whieh resembles in all 
respects tho rest of the field. 'l'IJe guardian, 
a vcry old man, said the surf.'lCO had never 
been levelled in his time. In the year 1853, 
tho Duke of Buccleuch had tbree holes dug 
ill tho turf witbin a few yards of oue another, 
at tbe western end of the nave; find the old 
tesselated pavement of the a.bbey was thU!~ 

discovered. These holes woro aftenv;trds 
surrounded by brickwork, and protected by 
hap-doors, 80 that the pavement might be 
readily inspected and preserved. When my 
SOil William examined the place on January 
j, 1872, he found that the pavement in the 
three holes lay at depths of Of, 10 and I H 
inches beneath the surrounding turf·covered 
sm-face. 'L'he old guardia.n asserted that he 
was often forced to remove worm-castings 
from the pavement; and that he had done 



CHAP. IV. OF ANCIENT BUILDINOS. 195 

80 about six months before. } [ y son collected 
all from one 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 six months, the accumulation 
during a year on a square yard would be 
I·GS pounds, which, though a. large amount, 
is very small compared with what, A.S we 
llave seen, is oftell ejected on fields and 
commons. When I visited the abbey on 
June 22, 1877, the old man said that he had 
cleared out the holes about a month before, 
but a good many castings had sinee been 
ejected. I suspect that he imagined that he 
swept the pavements oftener than he really 
did, for the conditions were in several re­
spects very unfavourable for the accumulation 
of even a moderate amount of castings. The 
tiles are rather large, viz., about 51 inches 
square, and the mortar between them was in 
most places sound, so that the worms were 
able to bring up earth from below only at 
certain points. 'I'he tiles rested on a bed of 
concrete, and the castings in consequence con­
listed in large part (viz., in the proportion 
of 19 to 33) of particles of mortar, grains of 

o 2 
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band, little fragments of rock, bricks or tile; 
and such substances could hardly be ngreeable, 
and cert..'linly not nutritious, to worms. 

).[y son dug holes in several places within 
the f0rmcr walls of the abbey, at a distance of 
several yards from the above described 
bricked squares. ITc did not find aDy tiles, 
though these ure kno'\\'1l to occur in some 
other parts, but he came in one spot to con­
crcte on which tiles had once rested. The 
fine mould beneath the turf on the sides of 
the IlCveral holes, varied ill thickness from 
only 2 to 21 inches, and this rested on a layer 
from 8:] to above 11 inches in thickness, 
cOllsisting of fragments of mortar and stone­
rubbish with the interstices compactly filled 
up with black mould. In the surrounding 
ficld, at a distance of 20 yards from the 
abbey, the fine vegetable mould was 11 inches 
tbick. 

We may conclude from these facts that 
when the abbey was destroyed and the stones 
removed, a layer of rubbish was left over the 
whole surfu(:e, and that as soon as the worms 
were abJe to penetrate the decayed concrete 
and the joints betw{'cn the tiles, they slowly 
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fiJled up the interstices in the oyerlying 
rubbish with their castings, which were after­
wards accumulated to a thickness of nearly 
three inches over the whole surface. If we 
add to this latter amount tht} mould between 
tIle fragments of stones, some fivo or e:ix 
inches of mould must have been brought up 
from bcne.'ltb the concrete or tiles. The con­
crete or tiles will consequently have subsided 
to nearly this amount. The ba.'IeS of the 
columns of the aisles are now buried beneath 
mould and turf. It is not probable that 
they can have been undermined by worml', 
for their foundations would no doubt have 
been laid at a considerable depth. If they 
have not subsided, the stones of which the 
columns were constructed must have been 
removed from beneath the former level of 
the floor. 

CMdu:orth, Gloucestersldre.-The remains 
of a hlrgc Homan villa werc discovered hero 
in 18GG, on ground which had been covered 
with wood from time immemorial. No 
suspicion seems ever to havo beon enter­
tained that ancient buildings lay bu~ied here, 
nntil a gamekeeper, in digging for rabbits, 

De Co.no!ete Work of Charle!o D_,., Onhne 
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encountered some remains.- But subse­
quently the tops of some stone walls wero de­
tected in parts of the wood, projecting a little 
above the surface of the ground. Most of the 
coins found here belonged to Constau8 (who 
died 350 A.D.) and the Constantine f.'\mily. 
My SOIlS Francis and Horace visited the 
place in November 1877, for the sake of 
a.scert.'\ining what part worms may havc 
played in the burial of thcae extcnsive re­
mains. But the circumstancce were not 
favourable for tbis object, as the ruins are sur­
rounded on three sides by rather steep banks, 
down which earth is washed during rainy 
wcather. Moreover most of the old rooms 
have been covered with roofs, for the pro­
tection of the elegant tesselated pavcments. 

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

• Several IIICCO\lnbofth_ruinl hlye been publiahed; lhe 
belt i, bylllr. Jams Farrer in 'I'roo. Soc. or Antiquaries or 
Scotland,'yol. vI., J'art I1~ 1aG7, p.218. AIIIOJ. W.Grover, 
'Jourot.l or the British Arch. AUOCl.' June 1866. I'rOrl'SljOI 
nuem..n bQ like....ue published a pamphlet, • Notes On the 
Roman VUIa at Chedwort.h,' 200 ooiL.1873: CirellONter. 
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inches of black mould; and in a hole dug on 
the outer side of this wall, where the ground 
had lIever before been disturbed, black mould, 
full of stones, 26 inches in thickness, was 
found, Testing 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 found. When the excavations were 
first made, some large trees grew over the 
ruius; and the stump of olle has been left 
directly over a party-wall near tho bath rOOm, 
for the sake of showing the thickncss of the 
superincumbent soil, which was hero 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 rotten concrete, and a. living 
worm was found within the concrete. In 
another open room worm-castings were seen 

on the floor, over which some eartb had by 
this means been deposited, and here grass 
now grew. 

Brading, Isle oj lVigllt.-A fine Roman 
villa. was discovered here in ] SSO; and by 
the end of October no loss than IS chambers 
llad been moro 01' less cleared. A.. coin dated 
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337 A..D. was found. My son William visited 
the place before the excavations were com­
pleted; and he informs me that most of the 
floors were at first covered with much rubbish 
and fallen stones, having their interstices 
completely filled up with mould, abounding, 
ns the workmen said, with worms, above 
which there was mould without any stones. 
The whole mass was in most places from 3 
to above 4 ft. in thiekocsa. In one very 
large room the overlying earth was only 
2 ft G in. thick; and after this bad been re­
moved, so many castings wero tbrown up 
between the tiles that tho surface had to 
be almost daily swept. Uost of the floors 
wero fairly level. '{'he tops of the broken­
down walls were covered in some places by 
only 4 or 5 inches of soil, so that tbey were 
occasionally struck by the plough, but in 
other places they were covered by from 13 
io 18 inches of soli. It is not probable that 
these walls could have been undermined by 
worms and subsided, as they restoo on a 
foundation of very hard rod sand, into which 
worms could hardly burrow. Tho mortm, 
however, between the 8toncs of the walls of 

Thl!.Compl t W 
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Ii hypocaust was found by my SOil to have 
been penetrated by many worm-burrows, 
The remains of this villa. stand on land which 
slopes at an angle of about 30

; and the land 
appears to have been long cultivated , 'l 'hero­
fore no doubt a. considernble quantity of fine 
carth has been washed down from the upper 
parts of the field, and Ilas largely aided in 
the burial of these remains, 

Silche8ter, lfamp8hire,-The ruins of this 
small Roman town have been better pre­
E;ervoo than any other remains of tho kind 
in England, A broken wall, in most parts 
from 15 to 18 feet in height and about 1i 
milo in compass, now surrounds a space of 
ahout 100 acres of cultivated land, on which 
a farm-house and a ehurch stand,- Formerly, 
when the weather was dry, the lines of the 
huried walls could be traced by the appe.'\r­
&!lee of the crops; and recently vcry exten­
lIi"e excavations have been undcrt..'\keu by 
the Duke of Wellington, under the superin­
tendence of the late Rev, J, G, Joyce, by 
which mefms many large buildings lJ3ve been 

• Tb_ detait. are takell from \he 'Pellny Eneyclojlllldia,' 
micle,UamJllhire. 
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discovered. Mr. Joyce made careful coloured 
sections, and measured the thickness of each 
bed of rubbish, whilst the exeavations were in 
progress; and he has had the kindness to 
send me copies of several of them. When 
my sons Francis 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 destroyed 
by fire, and most of the stones used in the 
buildings have since been carried away. 
These circumstances are unfavourable for as­
certaining the part which worms have played 
in the burial of the ruins; but as careful 
sections of the rubbish overlying an ancient 
town have seldom or never before been made 
in England, I will give copies of the most 
characteristic portions of some of those made 
by Mr. Joyce. They are of too great length 
to be here introduced entire. 

An east and west section, 30 ft. in length, 
was made across a room in the Basilica; now 
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called the Hall of the Merchants (Fig. 9). 
The hard concrete /Ioor, still covered here 
and there with tesserre, was found at 3 ft. 

Fig. 9. 

Section within a room in the Baailica. at Silchester. Sculch. 
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beneath the surlace of the field, which was 
here level. On tbe floor tbere were two 
large piles of cbarred wood, one alone of 
wbich is sbown in tbe part of the section 
bere given. Tbis pile was covered by a thin 
wbite layer of decayed stucco or plaster, 
above which was a mass, presenting a singu­
larly disturbed appearance, of broken tiles, 
mortar, rubbish and fine gravel, togetber 27 
incbes in tbickness. Mr. Joyce believes that 
tbe gravel was used in making the mortar 
or concrete, which has since decayed, some 
of tbe lime probably baving been dissolved. 
Tbe distnrbed state of the rubbish may bave 
been due to its baving been searched for 
building stones. Tbis bed was capped by 
fine vegetable mould, 9 incbes in tbickness. 
From these facts we may conclude tbat the 
Hall was burnt down, and tbat much rubbish 
fell on the floor, througb and from wbich tbe 
worms slowly brougbt up tbe mould, now 
forming the surface of the level field. 

A. section across the middle of anotber han 
in tbe Basilica, 32 feet 6 inches in lengtb, 
caned the ffivarium, is sbown in Fig. 10. 
It appears that we have bere evidence of two 
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fires, separated by an interval of time, during 
which the 6 incbes of" mortar and concrete 

Fig. 10. 

Sectionwithino.haninthcB~ilicaatSilcbestcr. Scuicn. 
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with broken tiles" was accumulated. Be­
neath one of tbe layers of cbarred wood, a 
valuable relic, a bronze eagle, was found; 
and tbis shows tbat the soldiers must have 
deserted the place in a panic. Owing to the 
death of Mr. Joyce, I have not been able to 
ascertain beneath which of the two layers the 

. eagle was found. The bed of rubble overly­
ing the undisturbed gravel originally formed, 
as I suppose, the floor, for it stands on a level 
with that of a corridor, outside the walls of 
the Hall; but the corridor is not shown in the 
section as here given. Tbe vegetable monld 
was 16 inches thick in the thickest part; and 
tbe depth from the snrface of the field, clothed 
with herbage, to the undisturbed gravel, was 
40 inches. 

The section sllOwn in Fig. 11 represents an 
excavation made in the middle of the town, 
and is here introduced because the bed of" rich 
"mould" attained, according to Mr. Joyce, the 
nnusual thickness of 20 inches. Gravel lay 
at the depth of 48 inches from the surface; 
but it was not ascertained wbetber tbis was 
in its natural state, or had heen brought bere 
and had been rammed down, as occurs ill 
some otber places. 
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The section shown in · Fig. 12 was taken 
in the centre of the Basilica, and though it was 
5 feet in depth, the natural sub·soil was not 

Fig. 11. 

Section in n. block of buildings in the middle of the town or 
Silchcsrer. 

reached. The bed marked "concrete" was 
probably at one time a floor; and the beds 
beueath seem to be the remnants of more 
ancient buildings. The vegetable mould waH 
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here only 9 inches thick. In' some other 
sections, not copied, we likewise have 

Fig. 12. 

Section in the centre of the Basilica at Silchester. 

evidence of buildings having been erected 
over the ruins of older ones. In one case 
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there was a layer of yellow clay of very 
unequal thickness between two beds of debris, 
the lower one of which rested on a floor with 
tesser",. The old broken walls appear some­
times to have been roughly cut down to a 
uniform level, so as to serve ns the founda­
tions of a temporary building; and Mr. Joyce 
suspects that some of these huildings were 
wattled sheds, plastered with clay, which 
would account for the ahove-mentioned layer 
or clay. 

Turning now to the points which more 
immediately concern us. Worm-castings 
were observed on the floors of several of the 
rooms, in one of which the tesselation wns 
unusually perfect. The tessen" here con­
sisted of little cubes of hard sandstone of 
about 1 inch, several of' which were loose 
or projected slightly ahove the general level. 
One or occasionally two open worm-hurrows 
were found heneath all the loose tesser",. 
Worms have also penetrated the old walls of 
these ruins. A wall, which had just been 
exposed to view during the excavations then 
in progress, was examined; it was built of 
large flints, and was 18 inches in thickness. 

rei The C m I~ e worl< of "::harles Oarwm Onltne 
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It appenrcd sound, but when the soil was 
removed from 1x>neath, the mort:u in the 
lower part was found to be so much decayed 
thAt the flints fell apart from their own 
weigllt. nere, in the middle of tllC wall, at 
a depth of 20 inches beneath the old floor and 
of 40! inches beneath the Burf.1CC of the field, 
a living worm was found, and the mortar was 
penetrated by several burrows. 

A second wall was expoood to view for the 
first time, and an open burrow was seen on 
its broken summit. By &eIXtrat ing the flints 
this Lurrow was traced f.'lr down in the 
interior of the wall; but as solUe of the flints 
cohered firmly, the whole mass was disturbed 
in pulling down the wall, and the Lurrow 
could not be traced to the bottom. The 
foundations of a third wall, wldeh nppearoo 
quite sound, lay at a depth of <1 feet beneath 
ono of the floors, and of course at a con­
siderably greater depth beneath the level of 
the ground. A large flint was wrenched out 
of the wall at about a foot from the base, 
nlld this required much force, as tIle mortar 
was sound; but behind the £lint in the 
middle of the wall, the mortar was friable, 
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and here there were worm·burrows. lIr. 
Joyce and my sons were surprised at the 
blackness of the mortar in this and in several 
othor cases, and at the presence of mould in 
the interior of the walls. Some may have 
been placed there by the old builders instead 
of mortar; but we should remember that 
worms line their burrows with black humus. 
)Iorcover open spaces would almost certainly 
ha\·o been OCCl.lsionally left between the large 
irregular flints; and these spaces, we may 
feel sure, would be filled up by the worms 
with their castings, as soon as they were able 
to penetrate the wall . Rain·water, oozing 
down the burrows would also carry fine 
dark-coloured particles into every crevice. 
)Ir. Joyce Wall at first very sceptical about 
the amount of work which I attributed to 
wonns; but he enug his notes with reference 
to the last-mentioned wall by saying, " This 
.; case caused me more surprise and brought 
•. mort.l conviction to me than any other, 1 
"should have said, and did say, that it was 
"quite impossible such a wall could hav~ been 
., penetrated by earth,worm!'l." 

In almost all the rooms the pa\·ement has 
p 2 
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sunk considerably, especi­
ally towards tbe middle; 
and tbis is shown in the 

-r. ~::e ~:~~;~::ent:ect~:r: 
~ made by stretching a string 
" tightly and horizontally 
j over the floor. The sec­
iil tion, Fig. 13, was taken 

i 
from north to south across 
a room, 18 feet 4 inches in 
lengtb, with a nearly per­
fect pavement, next to the 
"Red Wooden Hut." In 
the northern half, the sub· 
sidence amounted to 5i 
inches beneath the level of 
the floor as it now stands 
close to the walls; and it 
was greater in the northern 
than in the southern half; 
hut, according to Mr. Joyce, 
the entire pavement has 
obviously subsided. III 
several places, the tesser", 
appeared as if drawn" li ttle 
away from the walls; whilst 



Cn ... IV. OF ANCIENT BUILDINGS. 213 

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 "The Spring." The floor is 7 
feet 9 incbes wide, and the broken-down 
walls now project only 1 of an inch above its 
level. The field, which was in pasture, here 
sloped from north to south, at an angle 
of 3° 40'. The nature of the ground on each 
side of the corridor is shown in 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 northern side. The pavement 
was nearly level along lines parallel to the 
side-walls, hut had sunk in the middle as 
much as 71 inches. 

A. small room at no great distance from that 
represented in Fig. 13, had been enlarged by 
the Roman oeeapier on the southern side, by 
an addition of 5 feet 4 incbes in breadth. For 
this purpose the soutbern wall of tbe 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 pavement of the enlarged room. 
Mr. Joyce belie"es that this buried wall must 
have been built hefore the reign of Claudius II., 
who died 270, A .D. We see in tbe' nccom­
panying section, Fig. 15, that the tesselated 
pavement has subsided to a less degree over the 
buried wall than elsewhere; so that a slight 
convexity or protuberance here stretched in a 
straight line across tbe 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
ments have sunk or sagged considerably. 
Mr. Joyce formerly attributed this sinking 
solely to the slow set.tling of the ground. 
That there has been some settling is highly 
probable, and it may be seen in section 15 
that the pavement for a width of 5 feet 
o ,'er the southern enlargement of the 
room, which must have been built on fresh 
ground, has sunk a little more than on the 
old northern side. But this sinking may 
possibly have had no connection with the 
enlargement of the room, for in Fig. 13, 
one half of the pavement bas subsided more 



Section through tho subsided 
room at. Silchcstcr, which 
buried. Sca1eitr. 

thebrokcn-dowll bou n<lingwn,lls of n. 
tho roun(\atiolls of the old waH left 
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than the other half without any assignable 
cause. In a bricked passage to Mr. Joyce's 
own house, laid down only about six years 
ago, the same kind of sinking has occurred as 
in the ancient buildings. Nevertheless it does 
not appear probable that the whole amount 
of sinking can be thus accounted for. The 
Roman builders excavated the ground to an 
unusual depth for the foundations of their 
walls, which were thick and solid; it is 
therefore hardly credible that they should 
have heen careless about the solidity of the 
bed on which their tesselated and often 
ornamented pavements were laid. The sink­
ing must, as it appears to me, be attributed 
in chief part to the pavement having been 
undermined by worms, which we know are 
still at work. Even Mr. Joyce at last ad­
mitted that this conld not have failed to have 
produced a considerable effect. Thus also the 
large quantity of fine mould overlying the 
pavements can be accounted for, the presence 
of which would otberwise be inexplicable. My 
sons noticed that in one room in which the 
pavement had sagged very little, there was an 
unusually small amount of overlying mould. 
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.As the fonndatiollS of the walls generally 

lie at a. considerable depth, they will either 
have not subsided at all through the under­
mining action of worms, or they will have 
subsided much less than the floor. 'fhis 
latter result would follow from worms not 
often working deep dowll beneath the founda­
tions; but more especially from the walls not 
yielding when penetrated by worms, whereas 
the successively formed burrows in a mass 

of c.'uth, equal 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 have sunk 
much or at all, the immediately adjoining 
pavement from adhering to them will haxe 
been prevented from subsiding: and thus 
the present cun'ature of the p.'\vement is 
intelligible. 

'fhe circumstance which has surprised me 
most with respect to Silchester is that during­
the many centuries which have elapsed since 
the old buildings were deserted, the vege!..1.ble 
mould has not accumulated over them to a 
greater thickness than that bere observed. In 

s:.. n. C .... ;1olet Nork of Charles DarWIn III 
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most placos it is only about 9 inches in thick­
ness, but in some places 12 or even more 
inchcs. III Fig. 11, it is given as 20 illches, 
but this section was drawn by i\tr. J oyce 
before his attention was particularly called to 
this subjcct. Tho land enclosed within the 
old walls is described as sloping slightly to 
the south; but there are parts which, aC(.'Ord· 
ing to Mr. Joyce, are nearly level, and it 
appears that the mould is hcro generally 
thicker than elsewhere. The surface slopes 
in other pam from west to eRst, and Mr. Joyce 
describes one floor as covered at the western 
end by rubbish and mould to a thickness 
of 28! inches, and at the eastern end by a 
thickncss of only ll! inches. A very slight 
slope sufIices to cause recent castings to flow 
downwards during heavy rain, and thns mueh 
earth will ultimately reach the ncighbouring 
rills and streams and be carried a.way. By 
this means, the absence of very thick bed$ of 
mould over these ancient ruins may, as ] 
believe, be explained. Moreovcr most of the 
land here has IOllg been ploughed, and this 
would greatly aid the washing away of the 
finer earth during rainy weather. 

h .. Cl">molete wort of ChAri ~ DAr ... n nnl n ... 
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The nature of the beds immediately 
beneath the vegetable mould in some of the 
sectiolls is rather perplexing. We see, for 
instance, in the section of an excavation in a 
grass meadow (Fig. 14), which sloped from 
north to south at an angle of 3° 40', that the 
mould on the upper side is only six inches 
and on the lower side Iljne inches in thick­
ncss. But tbis mould lies on a mass (25l 
inches iu thickness Oil the upper side) "of 
II dark brown mould;' as described by :Yr. 
Joyce, H thickly interspersed with small 
"pebbles and bits of tiles, which present a 
"corroded or worn appearance." The state 
of this dark-coloured earth is like that of a 
field wllich has long been ploughed, for the 
earth thus becomes intermingled with stones 
and frdgments of all kinds which have been 
much exposed to the weather. If during the 
course of many centuries this grass meadow 
and the other now cultivated fields have been 
at times ploughed, and at other times left as 
pasture, the nature of the grollnd in the above 
section is rendered intelligible. For worms 
will continually have brought IIp fine earth 
from below, which will have been stirred 
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up by the plough whenever the land was 
cultivated. But after a time a greater 
thickness of fine carth will thus have been 
accumulated than could be reached by the 
plough; and a bed like the 25!-inch mass, 
in Fig. 14, will have been fonned beneath 
the superficial mould, which latter will have 
been brought to the surface within more 
recent times, and have been well sifted by 
the ,vorms. 

TVro.reter, SIIrop8Mre.-The old RonL.'l.u city 
of Urioonium was founded in the early part 
of the second century, if not before this date; 
and it was destroyed, according to Mr. 
Wright, probably between the middle of the 
fourth and fifth century. The inhabitants 
were massacred, and skeletons of women 
were found in the bypocausts. Before the 
year 1859, the sole remnant of the city abo"e 
ground, was a portion of a massive wall 
about 20 ft. in height. 'rhe surrounding 
land lmdulates slightly, and baa long been 
under cultivation. It had been noticed tlmt 
the corn-crops ripened prematurely in ccrt.. ... in 
narrow linea. amI that the SIlOW remained UIl­

melted in cert..'\in places longer than in others. 
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T hese appearanoes led, as I was informed, h. 
extenflivo excavations being undertaken. The 
foundations of many large buildings and 
seveml streets have thus been exposed to view. 
The space enclosed within tho (lId walls is 
an irregular oval, about Ii milo in length . 
Many (If the stones or bricks used in the 
buildings must have been carried away; but 
the hypocausts, baths, and other underground 
buildings wcro found tolerably perfect, being 
filled with stone!!, broken tiles, rubbish and 
soil. The old floors of various rooms were 
covered with rubble. As I WDS anxious to 
know how thick the mantle of mould and 
rubbish was, which had so long conceal\!d 
these ruins, I applied to Dr. IT. Johnson, who 
had superintendt:d the excavations; and he, 
with the greatest kindness, twice visi,ed the 
placo to examine it in reference to my ques­
tiODl;, and had many trenches dug ill four 
fields which had hitherto been undisturbed . 
The results of his observations are g iven in 
tho following 'l'able. Ho also scnt me speci­
mOils of the mould, and answered, as far as 
he could, all my qnestions. 
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W/lO'UTEl<. 

Trenches dug in afield called "Old "·orh." 
Tbkk_ 
ot_ldln ,_. 

1. At .. depth of 36 iDtbaundUlurbed Mnd ...... 
re.c:bed 20 

2. A~"depthof3.3 ill(:h~OOIIC"'!.8"· ... reacbed 21 
3. 9 incbeloooc,..,te ...... reochool 9 

Trcnches dug in a. field calle!) .. SllOp 
" Lcasows;" this is the highcst field within the' 
old walls, and slopes down from a l:iul?centml 
point on an sides at about an angle of 2', 

Tblek_ 
ot_l<Ilm 

4. Sllmmitof!lekl .treoob45iDcbad~p 40 
5. ClDM to .ummi~offield,trencb 36 ioobHdet'11 ~6 

6. .. " trcueb:!Sineh""doep:!S 
7. Nlllr .ummi! of 6eld, tn!Deh 36 ioehN dHI' :!j 
a. moch'looeendS!! 

inch. deep; tbeIIMl\lkl here graJu .. ted into 
Ihe underlying undisturbed _nd ... nd j" 

thlckm. iI IOmewhu .. rbitrary. At tbe 
olherendoftbetrench ... c:alue .... Y ... lllcn_ 
coulltered .. t .. depthoronly1h,c\'e&,a.nd 
tbemollld"'aahereonly 7 illchatbick 

!l.'l'rencbclOlllllothe\3lII,:!8inche.iu(\cpth .. Hi 
10. J.owcrJl .. rtor .. m .. fi~ld,lreDcb30inchll'ltdIl('Jl 1(; 

11. trench3Iinchll'lt(\Il('I) 17 

12. " " trench36it~hClldeel" 
.. t ... bicbdepthuudiaturbedand ..... N'&CI"'J 21J 

h.Co leW rk A "-. ATWrInh .. 
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n,_ --­,-
11. 11l .. D<'lC.berp.nOrSlllletield,trencb91 inebm 

deep, IIIOpp«lbyooncretol ,. 91 
H.ln-..notberpartoflllmetield,trencb9iDebeil 

deel',ltOppedbyooncl'(lte 
IIl.in .. notberp'utoftbe .. meficld,tl't'llCb2-t 

illche.deep,wbenllllndwureacbed 
16. In another p'-rt of Slme 6c1d,trencb3QiucbH 

decp,whenlto!les"'eJOl'f!6Cbed;uOIle end 
of tbe trotl(:h monld 12 inch"-.t the other 
eodUioebetthiek. 

Small field between "Old Works" and 
"Shop Leasows.,'· I believe nearly as Iligh as 
the upper part of the latter fie ld. 

n~_ 

of_1d1D 

17. 1Teoeh 26 incbesdeep .. 2-t 
18. " lOlnchCldeep, .. ndthencameupon .. 

caU!ltWly •• 10 
19. Trench 84 Inches deep 
20 ... 31incbcsdecp .. 

•• 30 

Field on the western side of the space 
enclosed. within the old walls. --

21. Trtneh28 incbcsdeer,wbenllooilturbtt!.oo 
...... J'('&Ched. 16 

2'.!.'fffnch~inehCldeef',when\lIldilturbed .. nd 
wuretlChed .. 15 

23. Trench 14 inch8lldeep, &nd then eaffie upon I 
building 14 

Dr. Johnson distinguished as mould the 
earth which ditTered, more or less abruptly, in 

Ii:) n .. Co.,'l'lolete Work of Charles M .... .n u."II ...... 
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its dark colour and in its texture from the 
underlying snnd or rubhle. In the specimens 
ilent to me, the mould resembled that which 
lies immediately beneath the turf in old 
pasture· land, excepting that it often contained 
"mall stonos, too large to have passed through 
the bodies of worms. But the trenches aboye 
described were dug in fields, none of which 
were in pasture, and all had been long 
cultivated. Bearing in mind the rcmarks 
made ill reference to Silchester on the effects 
of long-continued culture, combined with the 
action of worms in bringing up thc finer 
particles to the surface, the mould, as so 
designated by Dr. Johnson, seems fairly well 
to dcsenc its name. lts thickness, where 
there was no causeway, floor or walls bene..'\th, 
was greater than hrls been elsewhere ob­
seryed, namely in mrlny places above 2 ft., 
and in onc spot above 3 ft. The mould was 
thickest Oil and close to the nearly level sulllo 
mit of the field called" Shop Leasows," and 
in a small adjoining field, which, as 1 believc, 
is of ncarly tbe &'une height. One side of 
the fOI'lDer field slopes at an angle of rather 
above 2°, and I siJouid ha,oe expected that 

Q 
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the mould, from being washed down during 
heavy rain, would have been thicker in the 
lower than in the upper }X\rt; but this was 
not the case ill two out of the three trenches 
here dug. 

In many places, where streets ran beneath 
the surf.-l.Ce, or where old buildings stood, the 
mould was only 8 inches ill thickness; and 
Dr. Johnson was surprised that in ploughing 
the land, the ruins had never been struck by 
the plough as far as he bad heard. He th inks 
that when the land was first cultivated the old 
walls were perhaps intentionally pulled down, 
and that hollow places were filled up. This 
may have been the ease; but if after the 
desertion of the city the land was left for 
many centuries uncultivated, wOrms would 
have brought up enough fine earth to have 
covered tile ruins completely; that is if 
they had subsided from having been under­
mined. The foundatiolls of some of the walls, 
for instance those of the portion still stand­
ing about 20 feet aboye the ground. and 
those of the market-place, lie at the extra­
ordinary depth of 1-1 feet; but it is highly 
improbable that the foundations were gener. 

© Tho> Complete work of Charles Darwin Oriline 
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ally 80 d~p. The mortar employed in the 
buildings must have been excellent, for it 
is still in parts extremely hard. Where­
ever walls of any height h(we been exposed 
to view, they are, as Dr. JObllF!Otl believes, 
still perpendicular. 'fhe watls with such 
doop foundations cannot have been under­
Illined by worms, and therefore cannot have 
subsided, as appears t.o have occurred at 
_\.bingcr and Silchester. lIence it is very 
difficult to account for their being now com­
pletely covered with earth; but how mucb 
of this covering consists of vegetable mould 
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. 
Johnson believes, by between G and 21 inches 
of earth. The tops of the broken-down walls 
of a cnldarium or bath, 9 feet in depth, were 
likewise covered up with nearly 2 feet of 
earth. The summit of an 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 has not subsilled is 
covered with earth, we must suppose, either 
that the upper layers of stoue have boon at 

02 
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bOrne time carried away by man, or that earth 
has since been washed down during heavy 
rain, or blown down during storms, from the 
adjoining land; and this would be especially 
apt to occur where the land has long been 
cultinltcd. In the above cascs the n.cljoining 
land is somewhat higher than the three speci~ 
fied sites, as far as I can judge by maps and 
from infomlation given me by Dr. Johnson. 
J f, however, a great pile of broken stones 
mortar, plaster, timber and ashes fell over the 
remains of any building, their dil:lintegration 
in the course of time, and the sifting action 
of worms ,would ultimately conceal the whole 
beneath fine earth. 

Coru:luaicm.-The eascsgi\'CII in tbis chapter 
show that worms have played a considerable 
part in the burial and concealment of several 
Roman and other old buildings in England; 
but no doubt the washing down of fioil from 
the neighbouring higher lands, and the de­
po~ition of dust, have together aided largely 
ill the work of concealment. Dust would be 
apt to accumulate wherever old brokCIl~down 
waUs projected a little abovo tho then exist-

Ii:) n .. c..;;..noJete N ork of Charles lII'Won (;."11 ....... 
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iDg surface aDd thus afforded some IIheltcr. 
The floors of the old rooms, halls and passagC9 
have gencrally sunk, partly from the settling 
of the ground, but chieRy from having been 
undermined by worms; and the sinking has 
commonly been greater in the middle than 
near the walls. 'rhe walls themselves, whclJ­
ever their foundations do not lie at a. great 
depth, lUl\"e been penetrated and undermined 
by worms, and ha.ve consequently subsidoo. 
The unequal subsidence thus caused, probably 
explains the great cracks which may be seen 
ill many ancient walls, as wcll as their 
inclination from the perpendicular. 

hi. Comole e W rk of Charles DarwIn Onh e 
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CITAPTER Y. 

TilE ACl'IO~ OF won~IS IX TnE Df:XUDATIOS 

Of.' THE LAXD. 

Bvidenw or the ,moun' of denudation "hlch the 1.nd baa 
uodergon_Sut.maldenlidation-Thedep<»it1ouofduat­
Vegetable mould, ie.. dark ODlour aDd filltl tutul'$ 1 .. ~11 due 
tothll actioo of 1fOI'1Ia-The d;'integTatioo of rock. by the 
LllmUA-&cid.-5imii.a.r Wd. IPr-n'Illly getlfraled within th~ 
bodi" of worm_The action or tbeae acid. fft.ciliuled by the 
contillued mo'femont of tbe lJarticlel of eRtlh_A thick bod of 
mould checb the dieint(lj;l'lltiooof the underlying lIOiland 
rueo. 1'ulicJesof ltoneWOrD Or triturated In thegiu.a.rdllof 
~S .... lIo ... ed StollU een-e as mill .. wn_The le9j. 
gatedltaleofthllculings-Fragmtlltlofbrickinthectolltinga 
o.eraneil'iltbnildingawel1roo.uded.. Tbetritllralingpowrrof 
""lnIUIn()~qui~I~lIillcantn!ld« .. geoIogic:alpol.ntofric .... 

No one doubts that our world nt olle time 
cow.isted of crysulUine rocks, and that it is to 
their disintegration through the action of air, 
water, changes of temperature, rivers, waves 
of the sea, earthquakes and volcanic outbursts., 
that we owo our sedimentary formations. 
These after being consolidated and sometimes 

t:l "'he ComPlete Wo.i<. o f Charles Oarwlfl Onlinb... 
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recrystallized, hQ\'e often been again dis­
integmtcd. Denudation meallS tbe rcmoval 
of such disintegrated matter to a lower level. 
Of the many striking results due to the 
modern progress of geology there ure hardly 
any more striking than those whieh relate to 
den udation. It was long ago soon that 
there ruust bave been an immense amount 
of denudation ; but until the successive forma-­
tion8 were carefully mapped and measured, 
no one fully re.'l.liscd how great was the 
amount. One of the first and most remark­
able memoirs ever published on this subject 
was that by Ramsay,· who in 18·IG showed 
that in Wales from 9000 to 11,000 foet in 
thickness of solid rock had been stripped ofr 
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 strat.'l. on one 
side raised even ten thousand foot above the 
corresponding strata on the opposite side; and 
yet thero is not a yestige of this gignntic 
displaeemcnt visible Oil tho surfaoo of the 

• "On the denoo..tioo of South Walell,-.tc.,· Memoi .. ofthe 
Oeolo-;;iOl.l ilurTcy ofGrHt Britain,' vol. i., p. Zll7, 1846. 
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land. A huge pile of rock haa been plane.! 
away on one side and not a remnant left. 

1:ntil the last twenty or thirty years, m:)8t 
geologists thought that the waves of the sea 
wcrc the chief agents in the work of dcnuda­
tion; but we may now feel sure th;\t ai r "nd 
rain, aided by streams and rivers, are much 
more powerful agents,-that is if we COlls:der 
the whole llrea of the land. The long Jinos of 
escarpment wiJich stretch IIcross severnl parts 
of England were fonnerly considered to be 
undoubtedly ancient coast-lines; but we now 
know that they st.'\ud up above the general 
SUl·face merely from resisting lIir, rain and 
frost better than the adjoining formations. 
It has rarely been the good fortune of a 
geologist to bring conviction to the minds of 
his fellow-workers on a disputed point by a 
single memoir; but :lIr. Whitaker, of the 
Geological Survey of England, was 80 for­
tunate whcn, ill 186i, he published his paper 
"On sub-aerial Iknudation, and 011 CJills ane. 
Escarpments of the Chalk: ' - Before this 

• 'OeoiOJlie&i Mag.uine; October IUld November, 1867, '1"01. 
iV.l'p.H7Rnd4S3. CopiousrerereDcetontbe.ubjec~aregi'l"'D 
iutbUremllrubiememoir. 
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paper appeared, Mr. A. Tylor had adduced 
important evidence on sub-aerial denudation, 
by showillg tbat the amount of matter 
brought down by rivers must infallibly lower 
tho level of their drainago-b..'\Sinll by many 
feet in no immense lapse of time. Thill line 
of argumcnt bas since becn followed up in tho 
most interesting manner by Arehioold Geikie, 
Croll and others, in a series of valuable 
memoirs.- For the sake of those who have 
never attended to this subject, a single 
instancc may be here gi\'en, namely that of 
the )[ississippi, which is chosen because the 
amount of sediment brought dowlI 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 enormous area. of 

• A. TrIor" 011 changs or the __ lenl," &c., • Philoeophie&l 
l1og.' (Sot. ~th) ... 01 .... ~ IS;;3, P. 2.58. An:hibald Geikie, 
Tr&IlAQtiontOeolos·Soc.orOia.~", ... oJ.UL,p.IS3(~Mr.rcb, 
1~). Croll" OD Geological Time," 'I'hiloeophiall. Mag.', 
May, Anltu1t, r.nd NO"'f!IIlber,I868. See al.tO Croll, • Climate 
and Time,' 187G, Chap. XX. For IOIIUI recent infnnn"Uon all 
d", amount of .ediment brought down by .i ... en, _' Natur~,' 
~pt. :!3rd, l SBO.Mr. T. Mel!&rd Heade hal ]mblitbed IJOme 
iQlenllting r.rticletl 00 tbe ILlltoQilhing alllount of ma.uer 
broughtdo"nilllOlutiun by riven. See Addreea,Goolog. Soo., 
Livcrpool,1876-H. 
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drainage must be lowered nfn of a foot 
annually, or 1 foot in 4566 years. Con. 
sequently, t..1king tho best estimate of thl:' 
mean height of the North American continent, 
viz. 748 fl!ot, and looking to tho future, tho 
whole of tho great Mississippi basin will be 
'VasllOO away, and" brought down to tllC 68..1· 
(, level in loss than 4,500,000 years, if no 
.j elevation of the land takes place." Some 
rivers carry down much more sediment nr 
Jatively to their size, and IIOme mueh Jess than 
the MissiSllippi. 

Disintegrated mattor is carned away by 
the wind as well as by running water. 
During volcanic outbufi;{a mllch rock is 
triturated and is thus widely dispersed; and 
in all arid countries the wind plays an im· 
portnnt p.1rt in the removal of tmeh matter. 
Wind.<Jriven sand also wears down the 
hardest rocks, I ha \'e shown· that during 
four months of the year a large quantity of 
dust is blown from the north·wcstern shores 
of Africa, and falls on the Atlantic over a 

• "An ACOOun~ofth~6ne dmlwblch often MI. on V..-I,;Q 
lh~ Al lautlcOcxnn,"I'roc. Geolog, Soc, of London, June 41h, 
11>4;'>. 
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Bpace of 1600 milcs in latitude, and for a 
distance of from 300 to GOO miles from the 
co.'l8t. But dust bas been seen to fall at a 
distance of 1030 miles from the shores of 
Africa. During a stay of three weeks at 
f.:t. Jago in the Cape Verde Archipelago, the 
atmosphere was almOBt always hazy, and ex­
tremely fine dust coming from Africa was con­
tinually falling. In some of this dust which 
fell in the open ocean at a distance of between 
330 and 380 milee from the African co.'181, there 
were many particles of stone, about rJifli of an 
inch square. Nearer to the coast the water 
has been seen 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 miDs 
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 Koninek, sneh disin­
tegration may be attributed in chief part to 
the action of the carbonic and nitric acids, 
together with the nitrat€s and nit rites of 
ammonia, dissolved in the dew. 

I n all humid, even moderately humid, 

!he Co.ll~te Work of Charles Darwin Onhne 
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counh-ics, worms aid in the work of denuda­
tion in several ways. The vegetable mould 
which covers, as with a man tie, the surface 
of the land. has all passed many times 
through their bodies. Mould differs in up"" 
pcnrauce from the subsoil only in its dark 
colour, and in tbe absence of fragments or 
particles of stone (when auch are present in 
the subsoi l), larger than those which call pass 
through the alimentary c.'mal of a worm. 
This sifting of the soil is aided, as has alre..'\dy 
been remarked, by burrowing animals of 
many kind~ especially by ants. I n countries 
where the summer is long and dry, the 
mould in protected places must be largely 
increased by dust blown from other and more 
exposed places. For instance, the quantity 
of dust sometimes blown over the plains of 
La Plata, where there are no solid rock"" is 
so great, that during the" gran 8C(:O," 1827 
to 1830, the appearance of the land, which 
is here unenclosed, was so completely changed 
that the inhabitants could not recognise the 
limits of their own estates, and endless Jaw· 
8uits aroS('. Immense quantities of dust are 
likewise blowll about in.. Egypt and in the 

r.. Com let W rk ArI ... • n rwon nnlln ... 
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SQuth of France. I n China, as Richthofen 
maintains, beds appearing like fine sediment, 
severnl hundred feet in thickness and extend­
ing over an enormous area, owo their origin 
to dust blown from the high lands of cOlltml 

Asia.- In humid countries liko Grrot 
Britain, as long as the land remains in its 
natural state clothed with vegetation, the 
mou ld in allY one place can h:lrdly be much 
increased by dust; but in ita present con­
dition, the fields near high rOflds, where there 
is much traffic, must receive a coD!':idernble 
amount of dust, and WheJl fields are harrowed 
during dry and windy weather, clouds of dust 
may be soon to be blown away. But in all 
these cases the surface-soil is merely tmnlr 
ported fl"Om one place to another, The dust 
which falls so tbickly within onr houses con-

• • '(If.La Plata., _ my • Journal of n~hea,' during tbe 
voyage of the .B«IgI~, 1845, p. 133. Elie de l3eaumon~ hM 
giyeu('~deG60log·rratique,'tom.J.18-15,J>.II\3)I" 
eIoelleut aro:mnL of theeoonnoua quantity of dUlL which I, 
transported lu lOme OOlilltries.. I Clllllotbut think thBtMr. 
ProctorhU IO,!lewhatenggemtoo('l'll'll4llutWftYllnSciclloe,' 
1879, p. 379) the ageDcy of dust ill a humid oountry like GNl~ 
Uritain. Jam .. Geikie hILI given {' l'l"ehiltorio Europc,' 1880. 
p.I(5)lfuUabetractofRichthofeu'II·Iewl,,,·hieh,ho,\"c\·cr, 
hediJIj1\ltct. 

ThA om I f h "'- "W1.lh 



238 D1SIXTEGRATIQS 

sists largely of organic matter, and if spread 
over the land would in time decay and dis­
appear almost entirely. It appears, however, 
from recent observations on the sllow-fields 
of the Arctic regions, that some little meteoric 
dust of extra mundane origin is continually 
ftdlillg. 

The dark colour of ordinary lUould is 
obviously due to the presence of decaying 
organic matter, which, however, is present in 
but 8mall quantities. The 1088 of weight 
which mould suffers when heated to rednef!s 
seems to be in large pnrt duo to water in com­
bination being dispelled. 1 nOlle sample of 
fertile mould the amount of organic matter 
WI\8 ascertained to be only ] '70 pCI' cent. ; in 
some artificially prepared soil it was as much 
as 5-5 per cent., and in the famous black soil of 
Ruse.ia from 5 to e.cn 12 per cent,- I n leaf. 
mould formed exclu!!h'cly by the decay of 
leaves the amount is much greater, and in 
peat the carbon alonG 90mctimes amounts to 

-,[,h_,tatanentllLretakenrromVonTIcneenin'Zeit.8Chrift 
flit wiuenteh.ft. ZooIogi~,' Rd, uvili., 1877, P. 360. '1 ...... 
with re.poei to jlet.t are taken (rom llr. A,A. Julienin'l"toc. 
Ameriean.A.Jc.. &;;\'.IIre,'18i9, p. 314. 
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6-1- per cent.; but with these latter ca.scs we 
are not hero concerned. The c.·uoon ill the 
soil tends gradually to oxidise and to dis· 
appear, oxcept where water accumulates and 
tho climate is cool;· so that in the oldest 
pasture--land thero is no grcat excess of 
organic matter, notwithstanding the con· 
tinned decay of the roolsand the underground 
stems of planta, and the occasional addition 
of manure. The disappearance of the orgnnic 
matter from mould is probably much aided 
by ita being brought ngaill and ngain to the 
surface in the castings of worms. 

Worms, on the other hnnd, ndd largely to 

the org:mic matter j'n the BOil by tho astonish­
illg number of half-decayed k:wcs which 
they draw into their burrows to a depth of 2 
or 3 inches. 'fhey do this chiefly lor obtain­
illg food, but partly for closing the mouths 
of their burrows and for lining the upper 
part. The Icaves which they COllsume are 
moistened, torn into small shreds, pn.rtially 
digested, and intimatdy commingled with 

·lha,·elli\'enllOnlef.clllonth(lclim&teD~rl«favour­

.ble for the fomution of peat,in my 'Jourut.I. of lte.o:m:h",,' 
18,15.1,28,. 
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earth; and it is this process which gives to 
vegct.'\ble mould its uniform dark tint. It is 
known that various kinds of acids are gen· 
crated by tl16 decay of vegetable maUer; and 
from theoontentsofthe intestines of worms and 
from their castings being acid, it seems pro­
Labia tlmt the process of digestion illduces an 
analogous chemical change in the swallowed, 
triturated, and half decayed leaves. 'rhe large 
quantity of carbonate of lime secreted by the 
calciferous glands apparently serves to nentm· 
lise the acids thus generated; for the digcsti\'c 
fluid of worms wilI not act unless it be alkaline . 
. As the contents oftha upper part of their in­
testines are acid, the acidity can Imrdly be due 
t.o the presence of uric acid . We may tilere­
fore ronclude that the acids in the alimentary 
canal of worms are fonned during the diges­
tive pr<>eef8; and that probably fhey are 
nea.rly of the same nature as those in ordinary 
humus. 'fhe latter are well known to hu\-e 
the power of dc-oxidising or dissolving per. 
oxide of iron, as may be seen wherever peat 
overlies red sand, or where 0. rotten root 
penetrates such sand. Now I kept some 
worms in u pot filled with very fine reddish 

The ComPlete Work of Charles Darw. Online 
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&''l.ud, consisting of minute particles of silex 
coated with the red oxide of iron; and the 
burrows, which the worms made through this 
snnd, were lined or coated in the usual manner 
with tlleir castings, formed of the sand mingl,"d 
with their intestinal secretions and tI,e reful>c 
of the digested leaves; and this sand had 
almost wholly lost its red colour. When 
SlUnll portions of it were placed under the 
micl"Ol>COpe, most of the grains were seen 10 

he Imllsparent and colourle:;s, owing to the 
dissolution of the oxide; whilst almost .'loll the 
grnins taken from otb",r parts of the pot were 
CQ{lted with the oxide. Acetic Acid produced 
hardly any effect on this !land; lind even 
hydrochloric, nitric and sulpllllric aciJs, 
diluted as in the Pharmacoproia, produced 
less effect than did the acids in the intestines 
of the worme. 

Mr. A. 1.\, Julien has lately collected all 
the extant information about the acids gen· 
erntcd in humus, which, according to some 
chemists, amount to more than a dozen 
different kinds. These acids, as well as their 
acid salts (i.e., io combination with pota~h, 

BOda, nod ammonia), act energetically 

.... __ -'-hIo ComoJe e W rk o f Charles Darwrl Onli~ 
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carbonate of lime and on the oxides of iron. 
It is, also, known that some of theso acids, 
which were called lon.o:r ago by Thenard azo­
humic, aro enabled to dissolve colloid silica in 
proportion to the nitrogell which they contain.· 
I II the formation of these latter acids worms 
probably alTOI'd some aid, for Dr. II. JohnSOll 
inrorms me that by Nessler's test he found 
0'018 per cent. of ammonia in their castings. 

Tho several humus-acids, which appear, as 
wo have just seen, to be generated within the 
bodies of worms during the digestive process, 
and their acid salts, playa highly important 
part, according to the recent observations of 
!lfr. Julien, in the disintegration of various 
kinds of rocb. It has long been known that 
the carbonic acid, and no doubt nitric and 
nitrous acids, which arc 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 dissolved by dIe water 

• A. A. Julieu "On theGoological aetlonoftlw! Hum.a.acidl,n 
'I'mc. American A.8IIOC. Sci('nce,' vol. Xlviii., 1879, p. 311. 
AlII) on "Chemical eroeioll Oil Moumll.iu SUDlDlitl;n, Ne .... York 
~emy or Sciel'lON,' Oct. 14, 11:1;8, uquotod iu th .. • Amfricall 
Nltu,.liu.' See 11.1110, OIlthil,ubjecl, S. W. Job<*ln, "How 
(·ro~. Feod,"18iO, p.lS8 . 
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in ihe grounu. The li ving rools of 1)lants, 
moreover, RS Sachs anu others have shown, 
quick ly corrode and lea\'e their impressiolls 
on polished slabs of marble, dolomite and 
phosphate of lime. They will attack even 
ba .. al~ Rnd s:'l.ndstone.· But we are not here 
concerned with agencies wh ich are wholly 
independent of the action of wonns. 

The combination of any acid with a base 
is much fiteilit.'l.teJ by agitation, I\ij fresh 
surfaces are thus continually brought into 
oont.'l.ct. This will be thoroughly effected 
with the particles of stone and earth in tbe 
i ntc~tines of worms, during the digestive pro­
cess; and it should be remembered that the 
cntire mass of the mould over every field, 
~, in the course of a. few years, through 
their aliment.wy ronals. Moroover as the old 
burrows slowly collapse, and as fresh castings 
arc continually brought to the surface, the 
whole superficial layer of mould slowly re­
volves or circulates; and the friction of the 
particles one with another will rub off the 
finest fi lms of disintegrated matter as soon as 

· ~,f .... refereIlOOIOlltbL..robject.S.W.JohllaOll,"Ho .... 
l'f<Jj.t'eed," lb':'O,p, 32(l. 
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they are formed . Through these sC\'cral 
means, minute fragments of rocks of many 
kinds and mere particles in the soil will be 
continually cxposed to chemical decomposi. 
tion; and thus the amount of soil will tend 
to increase . 

.As worms line their burrows with their 
castings, and as the burrows pench-ate to a 
depth of 5 or 6, or even more feet, some 
smail amount of the humus-acids will be 
carried far down, and will there act Oil the 
underlying rocks and fragments of rock. 
Thus the thickness of the soil, if none be re­
moved from the surface, will steadily though 
slowly tend to incJ"ea~e; but the accllmuiati(J1l 
will after Ii time delay the disintegration of 
the underlying rocks and of the more deeply 
seated particles. For the hUIDIls-..'lcids which 
ILre gcnemled chiefly in the upper layer of 
veget..'\hle mould, are extremely unstable com· 
pounds, und are liable to decomposition before 
they reach any considerable depth .- A thick 
bed of overlying soil will also check the 
downward extension of gl-e.'\t fluctuations of 
temperature, and in cold countries wilt check 

• Thia,lAt6!neutiatakenf..,...lIIr. Julien, 'PI'OI:. Amcric&D 
Aifoc-Scicllc:t!,·voi.xxviii.,1819,p.330. 
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the powerful action of frost. The free access 
of air will likewise be el:cluded. From these 
several causes disintegration would be almost 
arrested, if the overlying mould were to 
increase much in thickness, owillg to nOlle or 
little being removed from the surface.- In 
my own immediate neighbonrhood we have a 
curious proof bow effectually a fow feet of 
clay checks some change which goes on in 
flints, lying free ly exposed j for the large 
ones which have lain for some time on the 
surt:'l.OO of ploughed fields cannot be used for 
building; they will not clea\'e properly and 
are 8.'lid by the workmen to be rotten. t It is 

• 'l1Le 1 ..... -.erv~lj.·e I)() ... ·crof. layer oflllouid Ilnd Inrfi' ofWn 
ilhO'll'n by the pezfect.law 01 tbe glAci"l ICI'Rlcheoou roeu when 
fi .. t unro.ered. lIr. J. Oeikie mainuilli, in hi.. Lut "cry jll~r­
"ling lI'IIrk(' Prebiltoric Europe,' J8II1), 1b.t.1 the more perlect. 
Kratcb(wal'lll)l"()bablydllflt(ltbel&et_clooIdlllldincreue 
clioe.duri .. g tbeloog-oontillned,intmllit~ntglacialperiod. 

t Many poIogiMa baTe lelt mueb IUrpr1M Iltthe c:onlP!cte 
dilllpf'6&_of6:iDtiover1lrid6Ill1dIlell'I,.k!~I.~rrom 
which the eb.t.lk ba.., been remo~od by aubKrill den1idatioo. 
llutlhe . urfaoe of eycry lIint i, OOfoted by," or-qllt Ulodi6ed 
laYl'f, whicb .... iIl jUityield to. steel point,whU.t Ihe frelbly_ 
fraetu",,!, Iranal"oent . u,r .. oe "'ill,1Ot thu. yield. The reo 
tllO"lbyaIlDOIpheriea/;ellcielioftheoutcrlllocli6oolurfacei 
of frecly UI'0.ed fliDto, though no do"bt exoeIiIively ,low, to­
geth~rwjtb thelllO(lifico.tion lra"elling inw .. rd ...... II1.umaybl 
lurec~.ultin).toeJyleadto t heirroml'lctedWnt.egl'ltioo..not­
.. ithlUuding that they .. pfcl' to bI., ut.remely durable. 
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therefore necessary to obtain flints for build­
ing purposes from the bed of red clay over­
lying the chalk (the residue of its dissolution 
by rainwater) 't>r from the chalk itself, 

Not only do worms aid indirectly in the 
chemical disintegration of rocks, but there is 
good re..'l.son to believe that they likewise net 
in a direct and mechanical manner on the 
smaller particles. A II the species which 
swallow earth are furnished with gizi'.nrds; 
and tbef:e are lined with 80 tbick a chitinous 
membrane, that Perrier spe..'l.ks of it,- as" une 
veritable armature," The gizzard is sur­
rounded by powerful transverse musclei;', 
which, according to Clap:ne<!e, are about ten 
times as thick as the longitudina.l ones; and 
Perrie~ saw them contrncting energetically. 
Worms belonging to olle genus, Dignster, 
have two distinct but quite similar gizzards; 
and in another genus, Moniligaster, the 
second giZ1.ard consists of four pouches, one 
succeeding :.he otber, so that it may almost 
be said to lUl.\'e five gizzards.t In the ~me 

• 'Arch;" " de Zoo\oiz. ul1f'r.' tom. iii. 1814, P. (09. 
t • :S-ooyelle. An:hi.-" du lIuMum; tom. .-ili. 1872, P. 95, 

131. 
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manner as gallinaceous and atruthious birds 
swallow stones to aid in the trituration of 
their food, 80 it appears to be with terricolOtls 
worms. The gizzards of thirty-cight of our 
common WOllns were opened, and in twenty­
five of them small stones or grains of sand, 
IlOmetimcs togctller with the hard calcareous 
concretions formed within the ant.erior cal­
ciftlrous glands, were found, and in two others 
collcretions alone. In the giZ7.ards of the 
remainiug worms there were no stones; but 
some of these were not real exceptions, as 
the gizzards were opened late in the autumn, 
when the worms had ceased to feed and their 
gizzards were quite empty.-

When worms make their burrows through 
earth abounding with little stones, no doubt 
many wi ll be unavoidably swallowed; unt. 

it must not be supposed that this fact 
accounts for the frequency with which stones 
and sand are found in their giz7~'\l'tls. For 
beads of glass and fragment.s of brick and of 
hard tiles were scattered oyer the surface 

·lIor .... n, In.pct.kingoftheearth in the alimentlrY e..tlIIl. of 
wOl'lUf, iii,. .. "rr-l~ cum lapill~ oommut.a.m vldi: ~ • 0.. 
Lumbl'ielterNllril.,'&e.,1829,p.16. 
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of the earth, in pots in which worms were 
kept and had already made their burrows; 
~lILd Yery many of these beads and fragments 
were picked up and swallowed by the worms, 
for they WOfO found in theil" castings. intQS­
tinos, nnd gizzards. They oven swallowed 
the conrso fed dust, formed by the pounding 
of tho tiles. Nor can it be supposed tbat 
they mistook the beads and fragments for 
food; for we ha\te seen that their taste is 
delicate enough to distinguish between dif­
ferent kinds of leaves. Jt is therefore 
manifest that they swallow hard objects, 
such 38 bits of stonc, beads of glass and 
angular floagmenta of bricks 01· tiles for 
some special purpose; and it can hardly be 
doubter:l that this is to aid their gizzards 
in crushing and grinding the earth, which 
they 80 largely consume. That such bard 
objects are not necessary for crushing 
leavcs, 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 nut provided with gizzard~ - and 

• I'trrier, ' Arcbil'H de Zoolog.ul""r.'lom.iii,18j1,p.419. 
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therefore cannot have the power of utilising 
stones. 

Dnring the grinding procese, the particles 
of earth must be I"ublu~d against (lne another, 
and between the stones and the tough 
lining membrane of the gizzarJ. 'fhe softer 
padicles will thus suffer some attrition, and 
will perhaps even be crushed. Tllis con. 
clusion is supported by the appearance of 
freshly cjQCted castings. for these oft<;n re­
minded me of the appearance of paint which 
has just boon ground by a workman between 
Iwo flat atones. Morren remarks that the 
intestinal canal is" implet.'\ tenui~ima terra, 
\'eluti in pulverem redacHl.."· Perrier also 
speaks of "I"etat de pate excessivcment fine a 
laqnelle est rCduite In terre qu'ils rcjettellt," 
&,.j 

As the amount of trituration which the 
particles of earth undergo in the gizzards 
of worms possesses &lmo interest (as we 
shall hereafler see) , I endeavoured to obtain 
evidellce on this head by carefu!ly examining 
ffiallY of tbe fl~\gment~ which !md passed 

• Morren, 'I)" Lumbricirerrelltri,:&e.,p. 10. 
t 'Are~ivelldeZuolug. E.:.J.>O!r.' tum. hi. HIU, I)' 4111. 
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through their alimentnry canals. With 
worms living in a. slate of nature, it is of 
course impossible to know how much the 
fragmentll may have been worn before they 
were swallowed. It is, however, clear that 
worms do not habitually select already 
rour;lded p,.uticles, for sharply angular bits 
of flint and of other hard rocks were often 
found in their gizzards or intestines. On 
three occasions sharp spines from the stems 
of r08C-bushes were thus found. Worms kept 
in confinement repeatedly swallowed angular 
fragments of hard tile, coal, cinders, and even 
the sharpest fragments of glass. Gallinaceous 
anr! strllthiol1s birds retain the same stones 
in their gizzards 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 fragments of 
tiles, glMS be.'\ds, stones, &c., commonly found 
in their castings and intestines. So that 
unless the same fragments were to pass re­
peatedly through their gizzards, visible sign8 
of attrition in the fragmeuts could hardly be 
expected, except perhaps in the case of very 
soft stones. 

©. Th.; C 'IOlete Work vf Charles Darwin OI1llrle. 
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I will now give such evidence of attrition 
a;; I have boon able to collect. In the 
giz;{.ards of some worms dug out of a thin bed 
of mould over the chalk, there were many well­
rounded small fragments of chalk, fllld two 
fragments of the sheHs of a land-mollusc (as 
ascertained. by their microscopic-dl IJtructure), 
which l:ltter were not only rounded but 
somewhat polished. 'fhe ca.lca.re<luS concre­
tions formed in the calciferous glands:, which 
are often found in their gizzards, intestines, 
and occasionally in their castings, when of 
large si;{-c, sometimes appeared to have been 
rounded; but with all calcareous bodies 
the rounded appearance may be partly or 
wholly due to their corrosion by carbonic 
acid and the humus-acids. In the gizz..'\rds 
of severnl worms collected in my kitchen 
garden near a hothouse, eight little frng­
ments of cinders were found, and of these, 
six appeared more or less rounded, as were 
t.wo bits of brick; but some other bits were 
not at all rounded. A farm-road near 
Abinger Hall had been covered seven years 
before with brick-rubbish to the depth of 
about G inches; turf had grown o\'er this 

OlICom I W rk A - Arwl nnll 
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rubbish on both sides of I he rO{ld for a 
width of 18 il1ches, and 011 lhis turf there 
were innumerable castings. Some of them 
were coloured of a uniform red owing to 
tho presence of much brick.dust, and they 
contained many particlus of brick and of 
hard Illorll'lr from 1 to 3 mm. in diameter, 
most of which were plainly rounded; but 
nil these particles may have ~n rounded 
before they were protected by the turf and 
weN swallowed, like those on the bare parts 
of the road which were much worn. A hole 
in a pasture-field had boon filled up with 
brick· rubbish at the same time, viz., 8e\'en 
years ago, {lnd was now covered with tur"; 
and here the castings contained very many 
particles of brick, all more or less rounded; 
and this brick·rubbish, after being shot iuto 
the hole, could not have undergone any 
attrition. Again, old bricks vcry little 
broken, together with fragments of mortar, 
were laid down to form walks. {Iud were 
then covered with from 4 to G inches of 
gravel; six little fragments of brick were 
extrncted from castings oollocted on thcse 
walks, three of which were plainly worn. 

r..~om I t W rk h"rI -n rwonnnlln", 
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There wero also very mally particles of hard 
mortar, about half of whioh woro woll 
roundod j and it is not crodiblo that these 
could IHwc sutTered so much corrosion from 
tho action of carbonic acid in the courso of 
o:dy sovon yoars, 

:Much ootter eviJencc of the attrition of 
hard objects in the gizZoc'\rds of worms, is 
afforded by the sfaw of tho small fn,gments 
of tiles or bricks, and of cOlloroto in the 
castings thrown up wllere allcienl buiirJing'll 
oncc stood. AS all the mould covering a 
field passes c\'ery few years through the 
bodies of worms, the samo sma\! fl'llgmenlH 
will probably Lo swallowed and brougbt to 
the surface lIlally timos in the coursc of ccn­
luriei', 1t should be premised that in the 
ge\'eral following cases, the finer matter Wal! 

first wH8hed away from the castings, and 
then all the particles of brick.!!, tiles aud con­
crete were collected witLout any sclection, and 
were afterwards examined. Now in the cast­
ings ejected between the tessoraJ on ono of the 
buried fiOO r8 of the Roman vill:~ at Abinger, 
there wore many particles (from! to 2 lllOl, 

in diameter) of tiles and concrete, which it 
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was impossible to look at with the naked eye 
or through a strong lens, and doubt for a 
momeut that they had almost all undergone 
lIluch attrition. I speak thus after h:wiDg 
examined slllali water-worn peLbles, formed 
from Roman bricks, which M. IJenri de 
Sausaure had the kindness to scnd me, and 
which he bad extrncted from stHld and gravel 
beds, deposited on the shores of the Lnke of 
Geneva, at a former period when tile wntcr 
stood at nbout two metres above ita present 
level. 'fhe smallest of these wnter-worn 
pebbles of brick from Geneva resembled 
closely mnny of those extracted from the 
gizzards of worms, but the larger ones were 
somewhat smoother. 

Four castings found on the recently Ull­

covered, te&8Clated floor of the great room in 
the Romnn "ilia at Brading, oolltnilled many 
particles of tile or brick, of mOI"tar, nnd of 
hard white cement; and the majority of these 
appeared plainly worn. 1'110 Ilarticles of 
mortar, howeyer, seemed to have sulfered 
more corrosion than attrition, for graius of 
si lex often projected from their surface~ . 
Castings from within the na,'e of Beaulieu 

ft;;J Ihe.Co.;m;iIete Work ofChartel._ .... II'l,,;,'"IIi;..e 
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Abbey, whieh was destroyed by lIenry "I{lll., 
were collected from a level expanse of turf, 
overlying the buried tesselated pavement, 
through which worm-burrows passed; and 
these castingtl contained innumerable particles 
or tiles and bricks, of concrete and ctlmellt, 
the majority of which had manifestly uuder­
gone some or much attrition. Therc were 
also many minute flakes of a micaceous slate, 
th~ pointaof which were rounded. Uthe al)()\'c 
supposition, that in all these cases the 6<'lme 
minute fragments have passed several times 
through the gizzards or worms, be rejected, 
notwithst:mding its inherent probability, we 
must then assume that in all the above cases 
the many rounded fragments found in the 
castings had all accidentally undergone much 
attrition before they were swallowed; and 
this is highly improbable. 

On the other hand it must be stated that 
fragmcnts of ornamental tiles, somewhat 
harder than common tiles or bricks, which 
had becn swallowed only once by worllls kept 
in confinement, were with the doubtful ex­
ception of one or two of the smalle:;t grains, 
not at all rounded. Xevcrtheless some of 
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them appeared a little worn, though not 
rounded. Xotwithstanding these cases, if we 
consider the evidence above given, tllere can 
be little doubt that the fragments, which serve 
as millstones in the gizzards of worms, Buffer, 

when of a not very hard texture, some amount 
of attrition; and that the smaller particles in 
the earth, which is havitually swallowed in 
snch astonishingly large quantities by worms, 
are ground together and nro thus levign.tcd. 
If this be the case, the" terra tcnuiBsima,"­
the" pate excessivemcilt 6uc,"-of which tIle 
castings largely consist, is in l:k'lrt due to the 
mechanical action of the gizzard;· and this 
fine matter, as we shall see in the next chapter, 
is that which is chiefly washed away from the 
innumerable castings on every field during 
each hoavy shower of min. lfthe softer stones 
yield at an, the harder ones will suffer 
some slight amount of wear and tear . 

• Thiloouc1usion rtmind. meQf lhe ,' .. 1 ImQunt or utrtmely 
fine ehllky mud which I. found within the lagoon~ or many 
ltolla,whcllltheaeaillranquil and"'."e.e.llllottritllmtetbe 
blocb of oonl. '1'bi, mud mlllil, Ill! I b.Jie~e (' The St11l(:ture and 
DiIIlr,butionQfCcm!J·n.r .. '2udedil.I8H,p.19),be.udbutf'i 
to the innumerable amlt'l;Ll. &od QLber lUlimal. which burrow 
into the dead ooral, and to the fishea,lIoiolhurianl,&e., which 
browMoutbeiivingcoml .. 
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The tritUffiuoD of small p.'l.rticles of stolle 
in the gizzards of worms is of more import­
ance under B. geological point of view than 
may at first appear to be the case; for Mr. 
Sorby has clearly shown that the ordinary 
menu!! of disiutegration, namely running 
water and the waves of the sea, act. with 
less and less power on fragments of rock the 
smaller they are. "Hence," as he remarks, 
"even making no allowance for the extra. 
"buoying up of very minute particles by a 
"current of water, depending ou surface 
"cohesion, the efiects of wearing on the form 
"of the grains must vary d irectl,V as their 
"diameter or thereabouts. If so, a grain -t(f 

., of an inch in diameter would be worn ten 
"times as much as one l~(f of an inch ill 

"diameter, and at least a hundred limes as 
.. much as one n'rnr of au inch in diameter. 
;' Perhaps, then, we may conclude that a 
"grain h of all inch in diameter would be 
.. worn al> much or more in drifting a mile as 
"a grain Tl)~ of an inch in htling drifted 
" 100 milc:s. On the same principle a pebble 
·'000 illCh in diameter wOllld be worn fC­

"Iati\'ely more by being drifted only a few 
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u llUlldred yards:'· Nor should we forget, in 
considering the power which worms exert in 
triturating particles of rock, that there is good 
cvidcllCQ that on each aero of bnd, which is 
sufficiently damp and not too 8<"l.ndy, gravelly 
or rocky for worms to inhabit .• a weight ot 
Illorc than ten tons of earth IIllllually passes 
through their bodies and is brought to tbe 
surface. l'he result for a oountry of tile size 
of Great Britain, within a period not vcry 
IOllg in a gcologicalsense, such as a million 
years, cannot be insignificant; for the ten tons 
of cartb has to be multiplied first by the above 
number of years, and then by the number of 
acres fully stocked with worms; and in 
England, together with Scotland, the land 
which is cultivated and is well fitted for these 
animal~ has been estimated at above 32 
million acres. The product is 34:!O million 
million tons of earth . 

• Annivt_ry Addreso; • The Quarterl,. Journal or lb_ 
Geol~ISoo:Ma'yl&:;o,p.5:1. 
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CHAPTER VI. 

TIH; DEN'UDATION OF TIlE LA "I'D-amJinued. 

Denudation aided by recently ejected cutinp flo .. ing down 
inclined ~~el'!d ... rf __ The &'llOUllt of IVIh wbieh 
annlIAll,. flo ... tWwnward5-Tbe efft'oCt of tropical rain on 
worm ca.t1ng_1'be lined particle. of ~b waabed com­
pilltei11""'1 from caetinp-Tbe diliD~ .. tioQ 0( drioJ (lILot­

in~ ioto renew. and their rulhog down iocliBed .urr-­
'fhe fl)nll.t.tion of lillie led~"" on hill-.!.idot, in InrI due to tIM! 
accumulatioo of dilint.egrawd Il8IIItings-ClIlIliup blown to 
leeward over level llud-An attEmpt to estimlte tbe amount 
IhUl blown_'l'ho degradation of anci(mt QIlOl\u\plIlcnlll and 
tumuli-'l'heprollCrution ol the erowru and fUlTOnonlalld 
aooientl1 p1ollghed-1'he formation and lmoUll1 or mould 
over tbeCh&lk fonuati= 

WE arc now prepared to consider the more 
direct part which worms take in the denuda­
tion of tho land. When re800ting on sub­
aerial denudation, it formerly appeared to 
me, 38 it has to others, that a nearly level or 
very bf'()ntly inclined surface, covered with 
turf, could suffer no loss during evell Il long 
lapse of time. I t may, however, be urged 
that at long intervals, debacles of rain or 

s 2 
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water-spouts would remove all the mould 
from a very gentle slope; but when ex­
amining the steep, turf-covered slopes in 
Glen Roy, [ was struck with the fact how 
rarely ally such event could have happencd 
since tlle Glacial period, as was plain from the 
well·preserved state of the three successive 
"roads" or lake-margins. But the difficulty 
in believing that eartb in lin)' appreciable 
quantity can be removed from a gently in­
clined surface, covered with vegetation and 
matted with roots, is removed through the 
agency of worms. For the mally c3t,tings 
which are thrown up during rain, and those 
thrown up some little time before heavy rain, 
flow for a short dist .. mcc down an inclined 
surface. Moreover much of the finest levi­
gated earth is wasbed completely away from 
the castings. During dry weather castings 
oRell disintegrate into small rounded pellets, 
and these from their weight oOen roll down 
ally slope. This is more especially apt to 
occur when they are started by tbe wind, 
and probably when started by tlle touch of 3n 
animal, however Email. We shall also soo 
that a strong wind blow8 all the castings, 
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even on a level field, to looward, whilst they 
are soft; and in like manner the pellcts 
when they are dry. If the wind blows in 
nearly the direction of an inclined surface, 
the flowing down of the castings is much 
aided. 

The observations on which these several 
statementJ> are founded must now be given in 
some detail. Castings when first ejected are 
viscid and soft; during min, at which time 
wonm apparently prefer to eject them, they 
are still softer; so tbat I have sometimes 
thonght that worms must swallow much 
water at such times. However this may 
be, rain, even when not very heavy, if 
long continued, renders recelltly~jected 

castillg'!! semi·fiuid; and on level ground 
they then spread out into thin, circular, flat 
discs, exactly as would so much honey or 
very soft mort..'lr, with all traces of their 
vermiform stl'Ucture lost. This latter f.'lct 
was sometimes made evident, when a worm 
had sub:!cquelltlybored through a flat circular 
disc of tbis kind, and heaped up a fr~sh 

"crmiform mass in the centre. These flat 
subsided diijC8 have been repeatedly seen by 
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me finer heavy rain, in many places on land 
of all kinds. 

0" tIle jlqwing of teet ca8tings, and fhe 
rolling of dry disintegratal castings dou;n 
inclined sw!aces.-When castings are ejected 
on an inclined surface during or shortly 
before heavy rain, they cannot fail to flow a 
little down the slope. Thus, on some steep 
slopes in Knowle Park, which were covered 
with co. .... rse grass and hfld apparently existed 
in this st .... te from time immemorial, I found 
(Oct. 22, 1872) after severnl wet days that 
almost all the mUIlY castings were con­
siderably elongated ill the line of the slope; 
and that they now consisted of smooth, only 
slightly conical masses. Whenever the 
mouths of the burrows could be found from 
which the earth Imd been ejected, there was 
more earth below than above them. After 
come beavy storms of rain (Jan. 25, I8i2) 
two rather steeply inclined fields near Down, 
which had formerly been ploughed and were 
now rather sparsely clothed with poor gras!;!, 
were visited, and many castings extended 
down the slopes for a length of 5 inches, 
whicb was twice or thrice the usual diameter 
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of tho c.'\Stings thrown up on the level parts 
of these salUe fields. On some fine grnssy 
slopes in llolwood Park, inclined at angles 
between 8<) and 11° 30' with the horizon, 
whero the surfaCtl apparently had IlQvor been 
disturbed by the hand of mlln, castings 
aboundod in extraordinary numbeNJ: Ilnd a. 
space I G inches 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 
subsided castings. llere also in many places 
the castings had flowed down the slope, and 
now fOl1ned smooth narrow patches of earth, 
G, 7, and 7! inches in length. Somo of these 
consisted of two castings, one above the other, 
which had become so completely confluent 
that they could hardly be distillguished . On 
my lawn, clothed with very fine grass, most 
of the castings are black, but some are 
yellowish from earth haying been brought 
up from a greater depth than usual, and the 
flowing-down of these yellow castings after 
heavy min, could be clearly seen whore the 
p.lope was 5°; and where it was less than 1° 
some evidence of their flowing down could 
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still be detected. On another occasion, after 
rain which was never heavy, but which lasted 
for 18 hours, all the castings on tbis s.'lmc 
gently inclined lawn had lost their vermiform 
structure; and they had flowed, 80 that fully 
two-thirds vf the ejected oorth lay below the 
mouths of tho burrows. 

These observations led me to make others 
with more care. Eigbtcastiogs were found on 
my lawn, where the grass-blades are fine and 
close together, and three others ()Il a field with 
coarse grass. The inclination of the surface at 
the cleven places where these castings were 
collect.ed varied between 4° 301 and 17° 30' ; 
tho mean of the eleven inclinations being 
n° 20 1

• The length of tllo castings in tho 
direction of the slope was first mCMured with 
us much nccumcy as their irregularities would 
permit. It wa..~ found possible to make these 
measurements within about. t of an inch, but. 
one of tho castings was too irregular to admit 
of measurement. ':rhe average length in the 
direction of tho slope of the remaining ten 
castioga was 2'03 inches. The castings wero 
then divided with a knife into two pnrtsalong 
a horizontal line passing through the mouth 
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of the burrow, which was discovered by slicing 
off the turf ; and all the ejected earth was 
sepal11tely collected, namely the part abo,·e 
the hole and the part below. Afterwards 
these two parts were weighed. III every 
case thero was much more earth below than 
above; the meau \n·ight of That above being 
103 grains, and of that below 205 grains; &t 

that the latter was very nearly doublo the 
former. As on level ground castings nre 
commonly thrown up almost equally round 
the mouths of the burrows, this difference in 
weight indicntes the amOl1nt of ejccted earth 
which had flowed down tho slope. But vory 
many mOll) obsen'atiolls would be requisite 
to arrive at any general rOBult; for the 
nature of lhe vegetation and other accidcnt. ... 1 
circumstanccs, such as the heavincss of Ihe 
min, the direction and force of tho wind, &c., 
appear to be more important in dowrmining 
the quantity of the earth which flows down a 
slope than its angle. Thus with four castings 
on my lawn (included in the abovo eleven) 
where tho mean slope was 7° HI', the difference 
in the amount of earth above and below the 
burrows was greater than with throe other 
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castings on the same lawn where the mean 
slope was 12° 5'. 

'We may, howe\'cr, take the above ele\'en 
cases, which are nccumte as far as they go, 
and calculate the weight of the ejccted earth 
whieh annually flows down a slope having a 
mean inclination of 9° 26'. '1'his was done 
by my son George. It has been shown 
that almost exactly tw~thirds of the ejected 
earth is found below the mouth of the 
burrow and one-third above it. Now if the 
two-thirds whieh is below the hole be divided 
into two equal parts, the upper half of this 
tw~thirds exactly counterbalances the one­
third which is above the hole, so that as far 
as regard/:! the olle-thil d above and the upper 
half of the two-thirds below, there is no flow 
of earth down the hil1-side. The earth con­
stituting the lower half of the two-thirds i!'., 
howc\'er, displaced through dist.mees which 
arc different for every part of it, but which 
may be represented by the distance between 
the middle point of the lower half of the 
tw~thirds and the hole. So tbat the average 
distancc of displacement is a half of the 
whole length of the worm-casting. Now the 

c "" r>1 .... W"''k fA .. Arwin nli" 
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average length of ten out of the above 
eleven ca"rtings was 2'03 inches, Rnd half of 
this we may take as being one inch, It may 
therefore be concluded that one-third of tbe 
whole earth brought to tho surface waa iu 
these eases carried down the slope t1lrough 
one inch, 

It was shown ill the third chapter that on 
Leith 11i11 Common, dry earth weighing at 
least 1-453 lbs, waa brought up by worms to 
thu 8urf;lCC on a square yard in the course of 
a yeal', If a square yard be drawn on a 
hill-side with two of its sides hOl'izont.'lI, then 
it is clear that only ..ft part of tile earth 
brought up on that square yard would be 
near enough to its lower ",ide to cross it, 
supposing the displacement of the earth to 
be through oue inch, But it appears that 
only t of the earth brought tip can Oe con­
sidered to flow downwards; hence 3 of ..JT or 
ri-r of 7'453 ILs, will cross the lower side of 
our square yard in a year. Now rn of 
7'4531be, is 1'1 oz, Thereforo l 'loz, of dry 
earth will annually cross each lineal' yard run­
ning horizontally along a slope having tllO 
above inclination; or vcry nearly 7 lbs, will 
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annually cross a horizontal line, ]00 yards in 
length, on a hill-side having this inclination. 

A more accurate, though still very rough, 
ca.lculation can be made of the bulk of earth, 
which in its natural damp state annually 
flows down the S;.\me slope over a yard-lino 
drawn horimntally across it. From the 
severnl 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 WQuid form a. layer .~ of an inch 
in thickness; it therefore follows by a 
c..'I lcul..'ltion similar to tLe one already given, 
that t of '2 x 36, or 2·4 cubic inchcs of damp 
earth will annually cross a horizontal line one 
yard ill length on a. hill-side with the aboye 
inclination. This bulk of damp castings 
was found to weigh 1'85 oz. Therefore 
11·o6Ibs. of damp earth, instead of 7 Ibs. of 
dry earth as by the former calculation, would 
annually cross a line 100 yards in length on 
Ollr inclined surface. 

In these calculations it has been assumed 
that tho castings flow a short dist-'lUce down­
wards during the whole year, but this OCCUR 

only witb those ejected during or shortly 
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before ruin; so that the above results lire 
thns L'l.r exaggcra.ted. On the otber kmd, 
during min much of the finest earth is 
washed to a considerable distance from the 
c:1stin~, eYeD where the slopo is an ex­
tremely gentle one, and is thus wholly los' 
as far as the above calculations arc concerned. 
Castings ejected during dry weather and 
which ha.ve sct hard, lose in the same 
manner a oonsidera.ble quantity of fine earth. 
Dried castings, moreover, are apt to disinte­
gra.te into little pellets, which often roll or 
are blowl1 dowl1 any inclined surface. There­
fore the above result, namely that 2'4 cubic 
incheB of earth (weighing 1'85 oz. whilst 
dllmp) annually crosses a yard-linG of tho 
specified killd, is probably not much if at all 
exaggerated. 

This amount is small; but we should bear 
in mind how many branching vaUeys inter­
sect most countries, the whole lengih of 
which must be very great; and that earth is 
steadily travelling down both turf-covered 
sides of each valley. For every 100 yards in 
length in t\ valley with sides sloping as in the 
foregoing cases, 480 cubic inches of damp 
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earth, weighing abovo 23 pounds, will 
annually reach the bottom. Uere a thick 
bed of alluvium will accumulate, ready to be 
washed away in the course of centuries, as 
tho stream in the middle mcanders from side 
to side. 

If it could be shown that worms gcnemlly 
excavate their burrows at right angles to 
an inclined surface, and this would be 
their shortest course for bringing up earth 
from beneath, then as the old burrows col­
lapsed from the weight of the superincum­
bent soil, the collapsing would inevitably 
rouse thll whole bed of vegetable mould to 
sink or slid!! fllowly down the inclined sur­
faoo. But to ascert.'lin tho direction of many 
burrows was found too difficult and trouble­
some. .A straight piece of wire was. how­
ever, pushed into twenty-fi\'e bUrrow8 on 
several sloping fields, and in eight cases the 
burrows were nearly at right anglcs to the 
slope; whill:lt in the remaining cascs tI,ey were 
indifferently directed at various angles, oither 
upwards or downwards with respect to the 
slope. 

In countries whero the rain is very heavy, 
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as in the tropics, the castin~ appear, as 
might have been expected, to be washed 
dowlI in t\ greater degree than in England. 
Mr. S<..'Ott informs me that near Calcutta tho 
tall columnar castings (previously described). 
the diameter of which is usually between 1 
and l! inch, subside on a level surface, 
after hea\'y rain, into almost circular, thin, 
fiat discs, between 3 and 4 and somctimes 5 
inches in diameter. Three fresh castings, 
which 11IId been ejected in the Botanic 
Gardens "011 a slighily inclined, grass~ 
,. covered, artificial bank of loamy clay," were 
carefully mcasured, and had a mcan height 
of 2·17, and a mean diameter of 1-<13 inches; 
these after 11C3VY rain, formed elongated 
p..'ltchcs of e.'lrth, with a ~ean length in the 
direction of the slope of 5·83 inches. As the 
earth had spread very little up the slope, a. 
largo part, judging from the original diameter 
of these castings, must have flowed bodily 
downwards abont 4 inches. )foreover some 
of the finest earth of which they were com~ 
posed must have been washed completely 
away to a still greater distauoo, In drier 
lites near Calcutta, a. species of worm ejects 
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its castings, not in vcrmifonn lllaS8CS, but in 
little pellets of "arying' sizl'fl: thctIC are Yery 
numerous in some places, and Ur. Scott says 
that they "arc washed aw;t.y by every 
.. shower." 

1 wus led to believe that a collsillem.ble 
quautity of fine earth is washed quite away 
from castings dudng rain, from the sUI'faces 
of old ones being often studded with course 
p.'1rticles. Accordingl.v a little fiue precipi­
tated chalk, moistened with 6o.1.1in\ or gum­
water, so as to be slightly viscid and of the 
same consistence as a fresh casting', was 
placcd on the summits of seveml eustings and 
gently mixed with them. These castings 
wore then watered through a very fine rose, 
the drops from which were closer together 
than those of rain, but not nenrly so large as 
those in a thunder storm; nor did they strike 
the ground with nenrly 80 much foroo as 
drops during heavy rain. A casting thus 
treated subsided with surprieing slowness, 
owing us I suppose to its viscidity. It did 
not [Jow bodily down the grnss-covcred sur­
face of tho lawn, which wae hero inclined at 
an anglo of I Go 20'; nevertheless lllallY par-

~ om I W f "I" " .. In ,h 
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ticles of the chalk were found three inches 
below the casting. The experiment was re­
peated on tllrcc other castings on different 
parts of the lawn, which slopod at 2° 30', 
3° and 6°; and particles of chalk could be 
seen between 4 and 5 inches below the cast­
ing; and af'tcr the surface had become dry, 
particles were found in two cases at a distance 
of 5 and 6 inches. Se\'cral other castings 
with precipit.'l.ted chalk placed 011 their 
summits were left to the natural action of 
the rain. In one case, after rain which was 
1I0t heavy, the casting was longitudinully 
streaked with white. In two other cases the 
smfaoo of the ground was rendered some­
what white (or a distance of one inch from 
the casting; and some soil collected at a dill­

t.-LOoo of 2l inches, wbere the slope was 7°, 
effervesced slightly when placed in acid. 
After one or two weeks, the chalk was whollr 
or almost wholly washed away frolD all tbt! 

cast.ings on which it had been placed, and 
these had recovered their natural colom. 

n may be here remarked that ufler very 
beavy min shallow pools may be soon on level 
or nearly level fields, where the soil is not 
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very porous, and the water in them iij often 
slightly muddy; when such little pools lmvp. 
dried, the leaves and blades of gra$S at their 
bottoms are generally coated with fI. thilllayer 
of mud. This mud J believe is derived in 
large part from recently ejected castings. 

Dr. King informs me that the majority of 
the before described gigantic castings, which 
he found on a fully exposed, bare, gr:n'elly 
knoll on the Nilgiri Mountains in India, had 
beell more or Jess weathered by the previous 
1I0rth-east monsoon; and most of them pre­
sented a subsided appearance. The worms 
here eject their castings only during dIe rainy 
&cason; and at tIle time of Dr, Kiug's visit no 
rain had fallen for lIO days, lie carefully 
examined tIle ground between the place 
where these l luge castings lay, and n. little 
watel'-oourse at the base of the knoll, and 
nowhere was there any accumulation of fine 
earth, such as would IlcceS6l\rily !Jave been 
left by the disintegration of the castings if 
they had not been wllOlIy remo\·cd . TIe 
therefore hns no hesitation in aesertillg that 
the whole of lbtsc huge castings arc IUlIlually 
wad!ed during the two monSOOlls (when 
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about tOO inches of ra.in fall) into the little 
water·course, and thence into tho plflins 
lying below at a. depth of 3000 or 4000 feet. 

Castings ejected before or duriug dry 
weat.ber become hard, sometimes surprisingly 
bani, from the particles of earth having been 
cemented together by the intestinal secre­
tions. FrolSt seems to be less effective in 
their disintegration than might have been 
expected. Nevertheless they readily disin­
tegrate into small pellets, after being alter­
nately moistened with ra.in aUlI again dril.ld. 
Those which have Rowed during rain dowll :~ 

slope, diaintegrale in the same mallller. Such 
pellets of len roll a little down any sloping 
surf.'lcc; their descent being sometimes much 
aid(:d by the wind. The wbole bottom of a 

Lrood dry ditch in my grounds, whero there 
were vcry few fresh castings, was complete l.'''­
covered with these pellets or disilltegratt.><i 
castings. which had rolled down the steep 
sides, inclined at an angle of n °. 

Ncar Nice, ill places wbere the great cylin­
drical castinb>1l, prcviously descri~d, aLound, 
the soil consists of very fine arellnceo-ca!­

carOOlls loam: and Dr. King informs mc that 

T :! 
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these castings are extremely liable to crumble 
during dry weather into small fragments, 
which are soon acted 011 by rain, and then 
sink down so as to be no longer distinguish. 
ablo from tho surrounding soil. lIe sent me 
a mass of such disintegrated castings, collected 
011 the top of a bank, where Ilone could have 
rolled down from above. They must have 
been ejected witbin the previous five or six 
months, but they now consisted of more or less 
rounded fragments of all sizes, from i of an 
inch in diamcter to minute groins and mere 
dust. Dr. King witnessed the crumbling 
process whilst drying some perfect castings, 
which he afterwards sent me. Mr. Scott also 
rcmarks on the crumbling of the castings 
ncar Calcutta and on the mountains of 
Sikkim during tbe hot and dry season. 

When the castings near Nice had been 
ejected on an iuclined surface, the disinteg­
mted fragments rolled downwards, without 
losing their distinctive shape; and in some 
places could ,4 be collected in basketfuls." Dr. 
King observed a striking inst.auce of this fact 
on the Corniche road, where a drain, about 
2t feet wide and 9 inches deep, had been made 
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to catch the surface drainage from the adjoin­
ing hill-side. The bottom of this drain wall 
covered 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 
cl13racteristic shape. Nearly all these in­
numerable fragments had rolled dowll from 
above, for extremely few castings had beeu 
ejccted in t.he drain itself. The hill--side was 
steep. but varied much in inclination, which 
Dr. King estimated at from 300 to 60° with 
the horizon. He climbed up tl16 slope, and 
"found every here and there little embank­
" ments, formed by fragments of the casting:; 
" that had hcen arrested in their downward 
"progress by irregularities of the surface, 
"by stoncs, twigs, &c. One little group of 
"plants of .d11e11W1U' Mrlenai.a had acted in this 
.. manner, and quite a small btmk of soil had 
"collected round it. Much of this soi l 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 have 
recently accumulated over the crown of the 
rhizoma, as shown by the length of the 
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bleached petioles, in comparison with t1l\:lSe 
of other plants of the same kind, where 
lhero had ht-en no such accumulation. 'I'he 
earth thus IIcclllllulalod had no doul)t been 
secured (."" r have everywhere seen) by the 
!!maller roots of the plants. After describing 
this and other rmalogous cases, Dr. King con­
cludes : •. I can ha\'e 110 doubt that worms 
"help greatly in the process of denudation." 

Ledges of earth on stup hill-sides.-Little 
lwrizontlliledges. one aboye another, have been 
observed ou steep grassy slopes in many pnrts 
of the world. Their formation lIas been 
nttributed to animals travell ing repeatedly 
along the slope in the snme horizontal Jines 
while grazing, and that they do thus move and 
111;1) the ledges is certain ; but Professor Hens­
low(a 1D0stcarefui obser\'er) told Sir J. H ooker 
that he was convinced that tbis was not the 
sole cause of their formation. Sir J. Ifooker 
!:law such ledges 011 tbe Himalayan and Atlas 
ranges, where there were no domesticated 
animals and not many wi ld OIlCS j but these 
IMtcr would, it is prohable, usc 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, lllld st.'\tes that 
t.hey mil at 3 or 4 ft. one abcwe the other, 
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 Chalk downs, and on an old 
talus of chalk-fmgmenf.s (thrown out of a 
quarry) which had become clothed with turf. 

My son Francis examined a Cha lk escarp­
ment ncar Lewes; and here on a part which 
was very stocp, sloping at 40° with the 
horh·..on, about 30 fiat ledges extended hori· 
zontally for more than 100 yards, at au average 
distance of about 20 inches, one beneath the 
other. They were from () to 10 inches in 
breadth. When viewed from a distance tbey 
presented astriking appearance, owing to their 
parallelism; but when examined clo;,cly, they 
were seen to be somewhat sinuous, and one 
often ran into another, giving the appearance 
of one ledb'"6 having forked into two. l 'hey 
are formed of light--colourcd carth, which on 
the outside, where thickest, was in one case 9 
inches, and in another case between 6 and 7 
inches in tllicklless. Above the ledges, the 
thickness of the earth over the chalk was in 
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the former case 4 and in the latter only 3 
inches. The grass grew more vigorously on 
the outer edges of the ledges than on any 
other part of the slope, and here formed a 
tufted fringe. 'fheir middle part was bare, but 
whether this had been caused by tho trampling 
of sheep, which sometimes frequent the ledges, 
my son could not ascertnin. Nor could he 
fool sure bow much of the earth all tho middle 
and bare parts, consisted of disintograt~ 

worm-castings which bad rolled down .from 
above; but he felt coD\·inccd that some had 
thus originated; and it was manifest that the 
ledges with their grass-fringed edges would 
arrest ally small object rolling down from 
above . 

.A.t one end or side of tile ban k bearing 
these lodges, the surface consisted in parts of 
bare chalk, and here the ledges were very 
irregular. At the other end of the b.'l.nk, the 
slope suddenly became less steep. and here the 
'ledges ceased rather abruptly; but little em· 
bankments only a foot or two in length were 
still present. '1'he slope became steeper lower 
down the hill, and the regular ledges then re­
appeared. Another of my SODS observed, on 
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the inland ",ide of Beachy IIcad, where the 
surface sloped at about 25°, many I!hort little 
emlmnkmcnts like those just mentioned. 
They extended horizontally and were from a 
few inches to two or thrce feet in lengtb. 
Thcy supported tufts of grass growing 
vigorously. 'l'ho average thicknosa of the 
mould of wllich they were formed, tnken 
from nine measurements, was 4:0 inches; 
while that of the mould above and beneath 
them wns on au avernge only 3'2 inches, and 
on each sido, on 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 oon­
tillUOUS ledges had here been formed. 

If the little embankments above the Cor­
niche road, which Dr. King saw in the act 
of formation by the accumulation of dis­
integrated and rolled worm~tings, were to 

become confluent along horizontal lines, ledges 
would be formed . Each embankment would 
tend to extencllaterally by the lateral extension 
of the arrested castings; and animals grazing on 
a steep slope would almost certainly make use 
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of eyery prominence at nearly the same le\'el, 
lind would indent the turf between tltem; and 
such intermediate indentations would again 
Ilrrest the castings. An irregular: ledge when 
once formed would also lend to become more 
regular and horizontal by some of the castings 
rolling laterally from the higher to the lower 
parts, which would thus be raised. Any pro-. 
j(.'Ction Lencath a ledge would not afterwards 
receive distintegratcd matter from above, 
and would tend to be obliterated by rain and 
other atmospheric agencies. There is some 
analogy between the formation, as here SU~ 
posed, of these ledges, and that of the ripples 
of wind-drifted saud as described by Lyell.-

The steep, gmss-OO\'ererl sides of a 
mountainous valley in "'cshnoreland, called 
Grisedalc, was marked in Illfmy places with 
innumerable, almost horizollt.'l.l, little ledges, 
or mther lines of miniature cliffs. Their 
formation was in no way connected with the 
action of worms, for castings could not any­
where be seen (and their absence is an 
inexplicable fact) although the tUl'f lay in 
many placos over a considerable thickness of 
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boulder-clay and moraine rubLillh . Nor, as 
f.'\r liS 1 could judge, was the formation of 
these little cliffli at all closely connected with 
the trampling of cows or sheep. It appeared 
as if the whole superficial, somewhat argil. 
laceolls earth, while partially held together 
by the roots of the grasses, had slided a little 
way down the mountain sides ; and ill thus 
slidillg, had yielded and cracked ill horizontal 
lines, trnnsversely to the slope. 

CaatiTJfJ8 blown to leeward by the wilw.- We 
have seen that moist castings flow, aud that 
disintegratod castings roll down any inclined 
surfilOO; and we shall now see that castinb"8, 

recently ejected on level gross-oovered 
snrf.'1C68, are blowu during gales of wind ac­
companied by rain to leeward. This has been 
observed by me many times on many fields 
during several successive years. After such 
gales, the castings present n. gently inclined 
and smooth, or sometimes furrowed, surface 
to windward, while they are steeply inclined 
or precipitoua to leeward, 80 that they resem­
ble on a miniature scale glacier-bTfOund hillocks 
of rock. They are often en vernous on the 

(i:) The Comolete Work of Charles DarwIn Onhne 



284 DElfODATION OF THE LAl'm. Cn ..... "1. 

leeward side, from the upper part haying 
curled over the lower part. During one un­
usually heavy south-west gale with torrents 
of rain, many castings were wholly blown to 
leeward, so that the mouths of the burrows 
were left naked and exposed on the windward 
side. Recent castings naturally flow down 
an inclined surface, but on a. grassy field, 
which sloped between 10° and 15°, several 
were found after a. heavy gale blown up the 
slope:. This likewise occurred 011 another 
occasion on a part of my lawn where the 
slope was somewhat less. On a third occasion , 
the castings on the flteep, grass-covered sides 
of a valley, down which a. gale had blown, 
were directed obliquely instead of straight 
down tbe slope; and this waa obviously due 
to the combined action of the wind and 
gravity. Four castings on my lawn, where 
the downward inclination was 0° 45',1°, 3° and 
3° 30' (mean 1° 49') towards the north-east, 
after a heavy south-west gale with rain, were 
divided acrollS the mouths of the burrows and 
weighed in the manner formerly described. 
The me..'\n weight of the earth below the 
mouths of burrows and to leeward, was to tbat 
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above the mouths and on the windward side 
as 2; to 1; wlJereas we have seen that with 
I:I6vernl Cl.lstings w hieh had Bowed down slopes 
having a mean inclination of 9° 26', and with 
tbree castings where the inclination was 
abovo 12°, the proJXlrtional 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 castiugs. 
We may therefore conclnde that even a 
moderately strong wind will produce some 
slight effect on t.hem. 

Dry and indurated castings, after their dis­
integratioll into small fragments or pellet.!, are 
sometimes, probably often, blown by a strong 
wind to leeward. 'fhis was observed on four 
occasions, but I did not sufficiently attend to 
this point. One old casting on a gently slo~ 
ing bank was blown quite away by a Rtl'Ong 

SOUtlHVest wind. Dr. King believes that 
the wind removes the greater part of the 
old crumbling castings 116..'1.1' Nice. Several 
old castings Oil my lawn were marked with 
pins and protected from any disturbance. 
They were examined .after all 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 
almost completely away, as could be seen 
by the colour of the surrounding ground. 
Others had completely disappeared, and these 
no doubt had been blown awny. Lastly, 
otbers still remainoo and would long remain, 
as blades of grass had grown through them. 
On poor pasture land, which bas never been 
rolled and bas not been much trampled on 
by animals, the wbole surface is sometimes 
dotted with little pimples, through and on 
which grass grows; and these pimples con­
sist of old worm.castings. 

In all the ma.ny observed cases of soft cast­
ings blown to leeward, this had been effected 
by strong winds accompanied by rain. .As 
snch 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, oc-eause it might be tllought that 
none could be removed from a. le,·el, grass­
covercd surface by any means. In thick and 
leyel woods, protected fwm the wind, castings 
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will never be removed as long aft tIle wood 
lasts; and mould will here tend to accumulate 
to the depth at which worms can work. I 
tried to procure evidence as to how much 
mould is blown, whilst in tile st.ate of cast­
ings, by our wet southern gales to tile north­
east, over open and Bat land, by looking to 
the le\'el of the surface on OPI>o~ite sides of 
old trees and hedge-rows; but 1 failed owing 
to the unequal growth of the roots of trees 
and to most pasture-land having bet:n formerly 
ploughed. 

On an open plain nea.r Stonehenge, there 
exist shallow circular trenches, with 1\ low 
embankment outside, surrounding level sp.'1.ces 
50 yards in diameter. These riub'S nppear 
very ancient, and are believed to be colltem­
poranCQus with the Druidicalstone@. Castings 
ejected within these circular spaCC!>, jf blown 
to the north-east by south.west wi"ds would 
form a layer of mould withilL the trench, 
thicker on the north-east.ern than Oil any other 
side. But the site was not favourabl~ for tIle 
action of worms, for the mould over the 
surrounding Chalk formation with flint.!:!, was 
only 3'37 inches in thickness, fcom a mean of 
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six observations made at a distance of 10 yards 
outilide the embankment. The thickness of 
the mould within two of the circular trenches 
was measured every 5 yards all round, on the 
inner sides near tIle bottom. )ly son Horace 
protracted these measurements on paper; and 
though the curved line representing the thick­
ness of the mould was extremely irregular, yet 
in both diagrams it could be seen to be thicker 
on the north-eastern side than elsewhere. 
When a mean of all the measurements in both 
the trenches was laid down and the line 
smoothed, it was obvious that the mould was 
thickest in the quarter of the circle between 
north-west and north-east j and thinnest in 
the quarter between south-east and south­
west, especially at this latter point. Besides 
the foregoing measurements, six others were 
tn.ken near together in one of the circular 
trenches, on the north-east side; and thfl 
mould here had a mean thickness of 2'29 
inches; while the mean of six other measure­
ments Oil the south-west side was only 1'46 
inches. These observations indicate that the 
castings had been hlown by the south-west 
winds from the circular enclosed space into 
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the trench on the north-eaKt side; but many 
more measurementB in other analogous cases 
would be requisite for 3. trustwortlJY result. 

Tile amount of fine earth brought to the 
surrace under the form or castings, and after­
wards transported by the winds accompa.nied 
by rain, or that which flows and rolls down 
au inclined surface, no doubt is smail in the 
course of a few scores of ye..'l.1'S i for otherwise 
all the inequalities in our pasture fields would 
be smoothed within a much shorter period 
than appears to be tbe case. But the amount 
which is thus transported in the course of 
f hOll~lIlds of ycars cannot fail t.o be consider­
able and deserves attention. b:. de Beaumont 
looks at the vegetable mould which every­
where covers the land as a. fixed line or zero, 
from which the amount of denudation may 
be measured.- He ignores the contiuued 
formation of fresh mould by the disintegra­
tion of the underlying rocks and fragments ot 
rock; and it is CUriOilli to find how much 
morc philmophical were the views, main-

• "I~. de Oklogie Intique,lS4i:;; eiuqul~1n(! 1 ~1l.' 
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tained long ago, by PJayfnir, who, in 1802, 
wrote, "in the pennanenoo of a CClat of 
" vegetable mould on the surface of the eartb, 
.. we have a demOTlstrnth'e proof of the con­
.. tinued destruction ofiLe rocks."· 

i!flc;eTit encampment8 amI tumuli.-f:. de 
Beaumont adJuces the prescnt state of many 
andent encampments and tumuli and of old 
ploughed fields, as evidence that the surface 
of tbe land undergoes hardly any degradation. 
But it does not appear that he ever examined 
the thickness of the mould over different 
parts of such old remains. He relies chiefly 
on indirect, but apparently trustworthy, evi. 
dence that the slopes of the old embankments 
are the same as they originally were; and it 
is obvious that he could know nothing about 
their original heights. In Knole Park a 
mOlJnd had been thrown up behind the rifle­
targets, which appeared to have been formed 
of earth originally supported by square blocks 
of turf. • 'fhe sides sloped, as nearly as I could 
eetimate them, at an angle of 45° or 50° with 
the horizon, and they were covered, e!lpecially 
Oil the northern side, with long coorso grass. 

• 'lllulltl1ltioulof(hcIlutlonianTht>orycrtne Earth,'p.101. 
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beneath which many worm-c:lstings wero 
found. These had flowoo bodily downwards, 
and others had rolled do.wn as pellets. Hence 
it is cert."\in that as long as a mound of this 
kind is tenanted by worms, ila height will \..00 

continually lowered . 'l'lle £ina earth which 
£lows or rolls down the sides of such a mound 
accumulat.cs at its base in the form of a t.'\Jus. 
A bed, even a very thin bed, of fine earth is 
eminently favourable for WOnDS; so that a 
greater number of castings would tend to be 
ejected on a mlus thus formed than elsewhere ; 
aud these would be partially washed away by 
every heavy shower and be spread over the 
adjoining level ground. The final ]"o.;$ult 
would be the lowering of the wbole mound, 
whilst tbe inclination of the sides would 110t 

be greatly lessened. The &'\IUe result would 
assuredly follow with ancient embankments 
and tUllluli; except where they had been 
formed of gravel or of neariy pure sand, as such 
matter is unfavourable for worms. Many old 
fortifi cutiolls and tumuli are believed to be at 
least 2000 years old; and we should bear in 
mind that in many places about ODO inch of 
mould is brought to the surface in;) years or 
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two inches in 10 yean. Therefore in 80 long 
a period n.s 2000 yean, n large amount of 
earth will ha"e been repeatedly brought to 
the surface on most old embankments and 
tumuli, especially on the talus round their 
bases, and much of this earth will ba\Te been 
washed completely away. We may therefore 
conclude that all ancient mounds, when not 
fonned of materials unfavourable to worms, 
will have been somewhat lowered in the 
course of centuries, altbollgh their inclina­
tions may not Jlave been greatly c1umged. 

P£elds formerly plouglted.-From a very 
remote period and in many countries, land 
has been ploughcd, so that convex beds, 
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 off the surface water. 1n my 
attemptA to n.scortnin llOW long a time these 
crowns nnd furrows last, when ploughed land 
has been oonvertcd into p.'lsture, obstacles of 
many kinds were enoountered. It is rarely 
known when n field was last ploughed; and 
some fields which were thought to have been 
in pasture from time immemorial were after-
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wards discovered to have been ploughed only 
50 or 60 yean before. During the early 
part of the present century, when the price 
of corn was very high, land of all kinds seems 
to have been ploughed in Britain, There is, 
however, no reason to doubt that in many 
cases the old crowns and furrows have been 
preserved from a very ancient period.- That 
they should have been preserved for very 
unequal lengths of time would naturally 
follow from the crowns, when first thrown 
up, having differed much in height ill dif­
ferent districts, as is now the ease with 
recently ploughed land. 

In old pasture fields, the mould, wherevor 
measurements wore made, was found to be 
from; to 2 inches thicker in the furrows than 

• Mr. E. Tylor io ht. Preriderttial ..I.m-. ('Jourtl&l of the 
Aothropologioal Inltitute.' lla,. 18&1, p..SI)~m&1u: .. It 
allpeanl from .. yen.! p&penof the Berlin Soeiet,. u to the 
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Ueidenicker) tha~theyODmlllpondmucbintileirlit\l&tioaODhiUt 
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mythologyaoooonta for by the ~toryof tile Helda having been 
putundcral'api.linterdict,lIOthatpoopletooktocult;yatiog 
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on the CrOwDS; but this would naturally 
follow from the finer earth having been 
wRshed from the crowns into the furrows 
before tIle land WRS well clothed witb turf; 
Rnd it is impossible to roll wlHlt part worms 
may have played in the work. Nevertheless 
from what we have seen, castings would 
ccrt:linly tend to Bow and to be washed during 
hoavy rain from the crowns into the furrows. 
Hut as soon as a bed of fine earth had by any 
moons been accumulated in the furrows, it 
would be more favourable for worms than the 
otber pnrts, and, a greater number of castings 
would be thrown up Ilere tban elsewhere; and 
as the furrowB on sloping land are usually 
directed so as to carry ofT the surface w-aler, 
aome of the finest earth would be wasbed 
from the castings which had been hero ejected 
Bnd be carried completely away. The result 
would be that the furrows would be filleJ 
up very slowly, while the crowns would be 
lowered perhaps still more slowly by the 
flowing and rolling of the castings down 
their gentle inclinations into the fUl'rows. 

Nevertheless it might be expecrod that old 
furrows, especially those on a sloping surface, 
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would io the course of time be filled IIp and 
dis,,\ppear. Some careful observers, however, 
who examined fields fOT me in G-Iouccstershire 
and Staffordshire, could not detect nny Jif­
feronce in the state of tho furrows in the 
upper and lower parts of sloping fields, sup­
posed to have been long in pasture; and they 
came to the conclusion that the crowns and 
furrows would last for an almost endless 
nUlIlber of centuries. On the olher hand the 
process of obliteration seems to have. com­
menced in 80me places. Thus in a grass 
field in North "-ales, known to ha\"e been 
ploughed about G5 years ago, which sloped at 
an augle of 150 to the north-cast, the Jeplh 
of the furrows (only 7 feet aparl) was care­
fully measured, and was found to be abol1t 
4! inches in the upper part of the slope, and 
only 1 inch near the base, where they could 
be traced with difficulty. Oil another field 
sloping at about the same angle to the south­
west, the furrows were scarcely perceptible 
in t.he lower part; although these sarno 
furrows when followed on to some adjoining 
level ground were from 2i to 3! inches in 
depth . .A. third and closely similar c..'lEC was 
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obecrvOO. In a fourth case, the mould in a 
furrow in the upper part of a sloping field 
was 2! inches, and in the lower part 4! 
inches in thickness. 

Ou tho Chalk Downs at about a mile dis­
tallce from Stonehenge, my SOil William ex­
amined a grass-covered, furrowed surface, 
sloping at from 8° to 10°, which an old sllep-
116rd said had not been ploughed within the 
memory of man. The depth of one furrow 
was measured at 16 points in a length of 68 
paces, and was found to be deeper where the 
slope was greatest and where Jess earth would 
naturally tend to accumulate, and at the 
base it almost disappeared. 'I'he thickness of 
tho mould in this furrow in tho upper part 
wns 2! inches, which increased to (> inches a 
littlo aboye the steepest part of the slope; and 
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 
inchOfl. On the 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 few 
miles distance froro Stonehenge. On the 
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whole it appears that the crowns nnd fur. 
rows on land formerly ploughed, but now 
CQ\'ered with grass, tend slowly to disappear 
when the surface is inclined; and this is pro­
bably in largo part duo to the action of 
worms; but that the crowns and furrows Jast 
for a very long time when the surface is 
nearly level. 

Fonnation and amount of mtmld Ot'er the 
Chall.: Formation.-Worm-castings aTe often 
ejected in extraordinary nnmbers on steep, 
gras.<HXlverecl slopes, where the Chalk comes 
close to the surface, as my son William 
observed near Winchester and elsewhere. If 
such castings nre largely washed away during 
heavy rains, it is difficult to understand at 
first how any mould can still remain on out' 
Downs. as there does not appear any evident 
means for supplying the loss. There is, more­
over, another cause of loss, namely in the per. 
colatiotl of tbe 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 I had not exaggerated the amount 
of fine earth which flows or roll!! down grass. 
covered slopes under the form of castings; and 
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1 BOught for additional information. In BOrne 

pla~s, the castings on Chalk Downs consist 
largely of calcareous matter, and hero the 
supply is of course unlimited . But in other 
place~, for inshUlce on a part of Teg Down 
ncar 'Vincliester, the castings were nil black 
and did not eflervesce with acids. 'fhe mould 
o\'er the chalk was hero only from 3 fo 4 
inches in thickness. So again on the plain 
near Stonehenge, the mould, apparently free 
from calcareous matter, averaged rather lel!s 
than 3! inches in thickness. Why wonna 
should penetrate and bring up chalk in some 
places and not in others I do not know. 

In many districts where the Jl\nd is nearly 
level, a bed several feet in thickness of red 
clay full of unworn flints overlies the Upper 
Chalk. This overlying matter, the surface 
of which has been converted into mould, con­
sists of the undissolved residue from the chalk. 
It may be well here to recall tho case of the 
fragments of chalk buried beneath worm­
castings on one of my fields, the angles of 
wllich were so completely rounded in tile 
course of 29 years that the fragments now 
resembled water-worn pebbles. This mu:;! 
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have been effected by the ·carbonic acid in 
the rain and in the ground, by the humus­
acids, and by the corroding power of living 
roots. Why a thick mass of r(ll;idue hns not 
beeu left on the Chalk, wherever the land is 
nearly level, may perhaps be nccounted for 
by the percolation of the fine particles into 
the fissures, which are often present in the 
chalk and nre either open or are filled up 
with impure chalk, or into the solid chalk 
itself. That such percolation occurs can 
hardly be doubted. My SOil collected some 
powdered and fragmentary chalk benc.."\th the 
turf nenr Winchester ; the former was found 
by Colonel Parsons, R.E., to cont..'l.in 10 per 
cent., and the Cragmcnts 8 per ccnt. of earthy 
matter. On the flanks of th~ escarpment near 
Abinger in Surrey, some chalk c1080 beneath 
a layer of Rints, 2 inches in thickness and 
covered by 8 inches of mould, yielded a re­
sidue of 3'7 pcr cent. of earthy matter. On 
the otllcr lmud the Upper Chalk properly 
contains, ns I was inCormed by tho lute Dav id 
Forbes who had made many analyses, only 
from }. to 2 per cent. of earthy matter; uud 
two samples from pits near my house COIl-
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mined 1·3 and 0·6 per cent. I montion these 
latter cases becau;;e, from tho thickness of tbe 
overlying bed of red clay with flint.!!, I had 
imagined that the underlying chalk might 
hero be le~s pure than clsewllcre. The cause 
of the residue accumulating morc in some 
places than in others, may be attributed to a 
layer of argillaceous matter having been left 
at an early period on tho chalk, and this 
would check the subsequent percolation of 
oorthy matter into it. 

l'rom the facts now given we ma.y conclude 
timtcastingEI ejected on our Chalk Downs suffer 
some loss by the percolation of their finer 
matter into the chalk. But such impure 
superficial chalk, when dissoh·oo, would leave 
a larbo-er supply of earthy matter to be 
added to the mould than in the ca.se of pure 
chalk. Besides the loss caused by percola­
tion, some fine earth is ccrtainly washed 
down the sloping grass-covercd surfaccs of 
our Downs. '!'he washing--dowll 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, yeh limit 
must at last be reached; and then their cast--
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ings would cease to be ejected or would 
become scanty, 

'l'he following roses show that a consider. 
able quantity of fine earth is washed down, 
'l'he thickness of the mould was measured at 
points 12 yards apart across a small valley 
in the Chalk near Winchester. '],ho sides 
moped gently at first; then bec.'lmo inclined 
at about 20° ; then more gently to near the 
bottom, which transversely was almost level 
and about 50 yards across. I n the bottom, 
the menn thickness of the monld from five 
measurements was S·3 inches; whilst ou the 
aides of the valley, where the inclination 
varied between 14° and 20°, ita mean thick­
ness was rather less than 3·5 inches. As the 
turf-covered bottom of the valley sloped at an 
angle of only betweeu 2° aud 3°, it is prou..'\.b1o 
that most of the S'3·inch layer of mould had 
been washed down from the flanks of tile 
valley, and 110t from the upper part. But as 
a shepherd saiJ that he had seen water flow_ 
ing in this valley after the sudden thawing of 
snow, it is possible that some earth Illay have 
hccll brought down from the upper part; or, 
on the other hand, that some may have been 
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cnrricd further down the valley. Closely 
similar resulf.p, with respect. to the thickness of 
the mould, were obtained in a neighbouring 
vn11('y. 

St. Catherine's Hill, ncar Wincllester, is 
327 fect in height, and consists of a stecp 
cone of chalk about t of a mile in diameter. 
'1'he upper part was converted by the Romans, 
or, as some think, by the ancient Britons, into 
nn encampment. by the excavation of a decp 
and broad ditch all round it. )lost of the 
chalk remon~d during the work W{l,8 thrown 
llpwards, by which a projecting bank was 
f4ll'lUOO i aud this effectually prevents WOlm· 

castings (which arc numerous in pnrts),stones, 
nlld othel' objects from being washed or rolled 
into the ditch. The mould on 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 embankment abo\'e the ditch to a 
thicknCS8 in most places of from 8 to 9! 
inches. On the embankment itself the mould 
was only I to I! inch in thickness; and 
within the ditch at the bottom it varied from 
2~ to 3~. but was in one spot G inches in 
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Ihieku(.'SS. On tbe north-west side of the 
hill, either no embankment had ever been 

tbrown up above the ditch, or it had subse­
quently been removed; 80 that hcre there 
WfiS nothillg to prevent worm-castinga, earth 
and stoncs being washed 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 that here and 011 other 
parta of the slope, the bed of mould oftell con­
tained fmgmenta of chalk aud flint which 
had obviously rolled down at dill"ercut timcs 
from above. The interstices in the unJer­
lying fragmentary chalk were also filled up 
wit.h mould. 

~ry son eXflmined tbe surface of this hill to 
its OOSC in n south-west direction. Bencath 
The great ditch, where the slope was about 
2·e, the mould was very thin, namely from 
Ii to 2~ inches; whilst near the b.'1SC, where 
the slope was only 3° to 4°, it incrCl\lOCd to 

between 8 and n inches in thicknC!08. We 
may theroforc conclude that on this artificially 
modified hill, as well as in tLe natural vallevs 
of the Ileighboul"ing Chalk Downs, some fi~o 
earth, probably deriycd in large part from 
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wonn-enstings, is washed down, and accumu· 
Intes in the lower parts, notwithstanding the 
percolation of an unknown quantity into the 
underlying chalk; a supply of frc!!h earthy 
matter being afforded by tile dissolution of 
the chalk through atlnospberio and other 
agencies . 
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CIlAPTER VI!. 

OOSCLUSIOS. 

Summary ot the jMrt. which Wom\I have ptoyed tn the blttor,. 
ot the world-Tbeir aid in the dilinie',(raliou of roa-In tho 
dealldatioooftbelaod-intherram·.tiouofancletliremaini 
-In the preparation of the lOll tor the growth or l'lauta­
)tental powen of worm.-Collduaion. 

WOUMS have played a more important part 
in the history of the world than most persons 
would nt first suppose. In almost all humid 
countries they are extraordinarily numerous, 
and for tbeir size possess great musculnr 
power. In many parts of England a weight 
of more than ten tons (10,516 kilogrammes) 
of dry earth annually pas..."Cs through their 
bodies and is brought to the surface on each 
acre of land; 80 that the whole supcrficinl 
bed of "ogctable mould paSI:ICS through their 
bodies in the course of every fow ycnl1'l. 
From the collapsing of the old burrows the 
mould is in constant though slow mO"cmcnt, 
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and the particles composing it are thus 
tubbed together. By these meaDS fresh sur­
faces nre continually exposed to tho action of 
tho carbonic acid in tho soil, and of the 
Imlnus-acids wldeh appear to be still more 
ellicicnt in the decomposition of rocks. The 
gcneratiotl of the humus-acids is probably 
hastcnod during the digestion of the marlY 
half~ccarcd leaves which wonns consume. 
Thus the particles of earth, forming the 
superficial mould, are subjected to conditions 
eminently favourable for their decomposition 
and disintegration. Moreover, tbe particles 
of the softer rocks sutTer some amount of 
meclmuicnl trituration in the muscular giz­
.. ,nrus of worms, in Wl1ich small stonc8 servo 
ns mill-stoncs. 

The finely levigated castings, when brought 
to the surface in II. moist condition, flow during 
miny weather down any moderate slope; and 
the smaller particles are washed far down 
even a gently inclined surface. Castings 
when dry often crumble into small pellets 
find these fire apt to roll down nny sloping 
~urfl\ce. Where tile land is quite level and 
is covered with herbage, and wbere the 
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climate is humid so that much dust cannot be 
blown away, it appears at first sight im­
possible that there should be any appl'ccinble 
amount of subaerial denudation; but worm­
castings are blown, especially whilst moist 
and viscid, in one uniform direction by the 
prevalcnt winds which nrc accompanied by 
rain. By these several means tho superficial 
mould is prevented from accumulating tf) a 
great thickness; and a thick bOO of mould 
checks in many ways the disintegration of 
the underlying rooks and fragments of rock. 

The removal of worm castin~ by the abovo 
means leads to results which are far from 
insignificant. It has been !:;hown that a 
layer of earth, ·2 of an inch ill thickness, is ill 
many places annually brought to the surface 
per acrtl; and if a small part of this amount 
flows, or rolls, or is washed, even for a short 
distance down every inclined surface, or i~ 
repeatedly blown in one direction, a great 
effect will be produced in the cour~ of ages. 
It was found by measurements and calculations 
that on a surface with a mean inclination of 
{)O 26', 2·4 cubic inches of earth which bad 
been ejected by worms crossed, in the course 
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of a ycar, a horizontal line one yard in length : 
1'0 that 2'010 cubic inches would cross a line 
100 yards in length. 'fhis latter amount in a 
damp state would weigh III pounds. 'fhus 
a considerable weight of earth is continually 
moving down each side of every valley, and 
will ill time reach its bed. Finally this earth 
will be tmnsported by the streams flowing in 
lhe "alleys into the ocean, the great receptacle 
for all matter denuded from the land. It is 
known from the amount of sediment annually 
delivered into the sea by the Mississippi, that 
its enormous drainage-area must on an aver· 
nge Le lowcred '002G3 of an inch each year; 
and this would suffice in four and half million 
years 10 lower the whole drainage·area to the 
le"el of the sea·shore. So that, if a small 
fraction of the layer of fine earth, '2 of an 
inch in tlJickness, which is annnally brougilt 
to Ihe surface by worms, is carried away, a 
great result (:annot fail to be produced within 
f\ JlCriod which no geologist considers ex· 
tremely long. 

ArclHwlogists ought to be grateful to 
worms, as they protect and preserve for an 
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indefinitely long period every oLject, not 
liable to decay, which is dropped on the 
surface of the land, by burying it bencath 
their castings. 'rhus, also, many OICgllllt and 
curious tcsselated pavements and otll(~r ancient. 
remaios have been preserved; t1lough no 
doubt the worms have in these cases been 
largely aided by earth washed and blown 
from the adjoining land, especially when cui. 
t i\"ated. The old tesselated pavements have, 
however, often suffered by baving subsided 
unequally from being unequally undermined 
by the worms. Even old massive walls may 
be undermined and subside; and 110 building 
is in this J'espect safe, nn less tho foundations 
lie 6 or 7 feet beneath the surface, at a depth 
at whieb worms cannot work. It is prooobic 
that many monoliths and some old walls have 
fallen down from having been undermined 
by worms. 

Worms prepare the gronnd in an excellent 
manner for the growth of fibrous-rooted 
plants and for seedlings of all kinds. They 
periodically expose the mould to the air, and 
sift it so that no stones larger than the par-
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ticlel! which they can swallow are left in it, 
They mingle the whole intimatcl.v together, 
like n. gardener who prepares fille soil for his 
choicest plants. In this stnte it is well fitted 
to retain moisture and to absorb all soluble 
8ubshmccs, as well as for the process of nitri­
fication . . The bones of dead animals. the 
harder PUlis of insects, the shells of land­
molluscs, leaves, twigs, &0., are before long 
all buried beneath the accumulated castings of 
wonns, and are thus brought in n. more or 
Ic@s dccnyed state within reach of the roots 
of plants. Worms likewise drag nn infinite 
number of dead leaves and other parts of 
plants into their burrows, partly for the sake 
of plugging tbem up and partly as food. 

The leaves which are dragged into the bur­
rows as food, after being torn into tho filH~st 

shreds, partially digested, Rnd s:lturnted with 
the intestinal and urinary secretions., are com­
mingled with much earth. This earth fonns 
the dark coloured, rich humus which almost 
everywhere covers the surface of the land 
with a fairly well.defined layer or mantle. 
\" on liellsen- placed two wonns in n. vessel 

·'Zeit.lcbrirt rlirw~ft.ZooIog.'n.n.,.jii. 1 877,r.360. 
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18 inches in diameter, which was filled with 
sand, on which fallen leaves were strewed; 
and those were soon dragged into their bur­
rows to a depth of 3 inches. After about G 
weeks an almOilt uniform layer of sand, a 
centimeter ('4 inch) in thickness, was COIl­

verted into humus by having pnssed through 
the aliment.'lry canals of these two worills. 
It is believed by some persons that Woml­
burrows., which often penetrate the ground 
almost perpendicularly to a depth of 5 or 6 
feet, materially aid in its drainage; 1l0tw'itl1' 
standing that the viscid rostings piled oyer 
the mouths of tIle burrows prevent or check 
the rain·water directly elltering tllem. They 
allow the air to penetrate deeply into the 
ground. They also greatly facilitate the 
downward passage of roots of moderate size; 
and these will be nourished by the humus 
with which the burrows are lined. "Manl' 
seeds owe their genninatioll to having becn 
covered by rostillgs; and others buried to 
a considcrable depth beneath accumulated 
c.'l.stings lie donnant, until at some future 
time they are accidentally unco\'Crcd and 
germinate. 
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WOMnS are poorly provided with sense­
organs, for they canDot be 8.'\id to see, 
although they can just distinguish between 
light and darkness; they nrc completely deaf, 
and li:l.VO only a feeble power of smell; the 
scnse of touch alone is well developed. They 
call therefore learn little about the outside 
world, alld it is surprising that they should 
exhibit some skill in lining their burrows 
with tllcir castings and with leaves, and in 
tho case of some species in piling up their 
cnstillgs into tower-like constnlctions. But it 
is fhr more surprising that they should ap­
parently exhibit some dcgroe of intelligence 
instead of a mere blind instinctive impulse, in 
their manner of plugging up the mouths of 
their burrows. They nct in nearly the same 
manner as would a man, who had to close a. 
cylindrical tube with different kinds or leaves, 
petioles, triangles of paper, &c., for they 
commonly sei7.e such ohjects by their pointed 
ends. But with thin (lbjects a certain number 
are drawn in by their broader cnds. They do 
not nct in tile sume unvarying manner in all 
CtulCS, tuI do most of the lower animals; for 
instance, they do not drag in lenvoa by their 
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foot-f!t.,·tlks, unless the basal part of the blade 
is as narrow as the apex, or narrower than it. 

When we behold a wide, tllrf'(X)\'ered 
expanse, we should remember that its smooth· 
ness, on which 80 milch of its beauty depends, 
is mainly due to all the inequaliti(l8 having 
been slowly levelled by wonns. It is a mar· 
vellous reflection that the whole of the super­
ficial mould over any such expanse has passed, 
and will again pass, every few years through 
the bodies of wonus. T he plough is one of 
the most ancient and most valuable of man's 
inventions; btlt long before he existed tile 
land was in fact regularly ploughed, and still 
continues to be thus ploughed by carth-worms. 
It may be doubted whetlJer there are many 
other animals which have played so important 
a part in the history of the world, as have 
these lowly organised creatuTCS. Some other 
animals, however, still more lowly organised, 
namely corals, have done far more conspicuous 
work in having constructocl innumerable reefs 
and islands in the great oceans; but these are 
almost confined to the tropical :r.ones. 
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