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THE LUMBRICIDAE IN THE

L

by

The occurrence of seventeen species of Lumbricidae in the
Hebrides is described. Endemicity, colonisation, and vectors '}
ere discussed,  Field populations in Ielay, Tiree, Coll, Gumna,
Barra, North Uist, Harris, Shillsy (Harris), Scarp (Harris),
Scalpay (Harris), 8t, Kilds, and Lewis are studied; all, with
the exception of scme records from Barrd, [um%eacribed.

The soil mantle of the outer fringe of islands from Islay to

Lewis, with some exceptions, i3 a calcareous sand-peat complex,
This cmpiox forms an ecological gradiént”frm solls of one
particular character to those of the opposite character, usually
along the line of the prevailing wind from shore dunes to inland
moorland, The gradient 1s outlined biologically and chemically,

and the distribution of the Lumbricidae within it, which was not -
known, 18 described, Significant differcnces are shown betwcen
communities in sendy and peaty solls, f’uﬁ ifferences between 5
commnities in niches of open soil, in and under dung-pats, and
under nibnaa ‘were also found to be“nimiric&nt in most Bpééies.
These differences are described in the 1ight of the findings of .
workers in other areas. & i -

3 Voo 1..}* ~ - , v w ;‘"\i “ r o
";‘q'.l‘hl;e‘ species . camplex and the ecological distribution of the
Lumbricidae at St. Kilda are described separately,



A detailed study of a field population of Lumbricidae in
natural maritime soll has been carried out in Tires, Argyll.
Problems of earthworm sampling are discussed with particular refe-
trence to machair soils, end f,he*tqpl methods finally adopted ere
described, These are-(1l) a quadrat method with the use of a
standard solution of potassium permanganate, and (2) a pit-fall
trap method, The distribution of the population is outlined
over the tran;ition from sand (dune) to mature maritime soll
(machair), The presence of dung-pats is seen to affect the dis-
sitribution of some species more than others,: Grazing greatly
affects the distribution of some species, and the grazed and un-
tgrazed grasslands on either side of a cattle*rénce were found to
possess significantly different comunities of }.’umuwidsh The
distribution in uniform soil was found to be heterogeneous, large
variationa in numbers occurring without apparent ecological changej.'{

|

This aupoot ia discussed in the 1light or work done in cultivated
nm Reproduct%ppz;aw ,_ 224

m in sumner, =s=is/abundance
peaks in spring and autumn and a distinet trough in sumer. The
continuous reproduction throughout the winter in this maritime '
population, subjected to comparatively mild weather, is not
paralleled by mainland ox: contiﬁ&ztal po;:ulétiona. Fluotuati;ané
in abundance of the maritimc population are approximately similar
to those of British minland vopulations, Surface asctivity 1s

m in late autumn anl late spring, with proportionately. 3
fewer unpigmented species moving on the surface then pignented, |

7 )
-masdeum- in winter and =¢
--latter-having/secondary .




Je .

| Laboratory experiments were carried out to investigate the
reactioa to certain natural 501l media encountered in the Hebrides:

of four ecologically distinct species of Lumbricid, Allolobophora

- galiginosa Savigny and A, terrestris forma longs Ude (both acid-
 intolerant), Bimastus eiseni Levinsen (acid-tolerant),

- Lugbricus rubellus Hoffmeister (ubiquitous). The soil media used 3

were peat, calcareous sard, machair soil, cow-dung, horse-dung,
801l or sand steeped in dung water, and soil or sand steeped in -

tap waters In these experiments a "choice" between two media was j

presented to each species separately in specially designed chambers;
Before the experiments began the bias of the chambers in a state . .
of "no choice" was carefully investigated,.and compensations made

to eliminate 41t, The occurrence of A, ca ;Qnosa, g8 shown by
Tield survey, is fully supported by the experiment; that of

A _torrestris forma Jonga is also supported, but ‘the formation or
intertwined clusters tended to obscure the result in some cases; ',f

those-of B, e iseni and L, rubellus were not supported by all the |
experiments, Oow-dung appeared to be more attractive to Lmnbricidﬂ

than horse-dung,

WM:” 1956, (12), 9
Edinb., in the press, Sgot, Nat., in the press,
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OF THE LUMBRICIDAE IN THE HEBRIDES
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PAPER I, SECTION A

w

GEOGRAPHICAL DISTRIBUTION

I. INTRODUCTION

The global distribution of the Lumbricidae is reviewed
by Stephenson (1930), and the more precise distribution in
the British Isles by Cernosvitov and Evans (1947). Such a
phrase as "we now find them (the Lumbricidae) distributed
over a considerable part of the British Isles", used by
Cernosvitov and Evans in 1947, reflects to some extent the
lack of precise knowledge of the widespread distribution in
Britain, Some of the first Scottish records come from the
Forth area (Evans , 1910). guild (19,8) describes the
presence of 1, species in the Carse of Stirling, and later
(Guila, 1951a, 1951b, 1952a) the distribution of 15 species
in Scottish pastures (2 of which had not previously been
recorded) from the Lothians, the Borders, and from a few sites
in Perthshire, Argyll, and Ross-shire. Satchell (1955b) and
Svendsen (unpublished) have recorded the occurrence of
earthworms respectively in Lake District woodlands and a

Northumberland moorland, close to the Scottish border.

The only Hebridean lumbricid records already published

are 7 species from Barra, Outer Hebrides (Forrest et al., 1936)

and/



Je

and 11 épeciés found by J.D. Robertson in Canna (Bertram,
1938), making 13 different species in all. The distribution
of the Lumbricidae in Hirta (Boyd, 1956, in press), the main
island of St. Kilda, is described later in this paper. There,

9 species were recorded, 3 of which, all of the genus

Dendrobaena, were not previously reported from Barra or Canna.

This paper incorporates those records already mentioned with

others obtained from 13 islands on the outer fringe, :I.nclud{.ng

4 of the Inner Hebrides and 9 of the Outer Hebrides.

II., THE SPECIES COMPLEX

At present 27 species of earthworm have been lidentified
from British soils. Of these, 25 are listed by Cernosvitov
and Evans (1947), and the remaining 2 by Muldal (1952) and
Satchell (1955a). So far 16 species have been reported

from the Scottish mainland (Guild, 1951a), and 14 (excluding

the disputed specimen Allolobophora (?) relicta Southern) have

been recorded from Ireland (Southern, 1913: Cernosvitov and
Evans, 1947). Other species are undoubtedly present,

distributed locally. Here, 18 species are recorded from the

Hebrides, Dendrobaena rubida and D. subrubicunda being

considered as separate species. Two, Bimastus tenuis and

D. subrubicunda, are not mentioned by Guild from the Scottish
mainland/



mainland, and Allolobophora icterica, found in one locality

near Stirling, has not so far been found in the Hebrides.

Large-scale collections have been made by transect
methods over all major soil types such as shell-sand dunes,
machair (a natural calcareous grassland described in greater
detall in Section B of this paper), cultivated (enclosed)
ground, grass-moor, and heather-moor (peat bog), with niches
in dung~-pats, under stones, in marsh, and in open soil being
searcheds These transects and casual collections were
carried out in Islay, Tiree, Gunna, Coll, Barra, South Uist,
Benbecula, North Uist, Harris, Shillay (Harris), Scalpay
(Harris), scarp (Harris), St. Kilda, and Lewis, and the precise
S8ltes are described in Section B, Appendix I of this paper.

Table 1 shows the complex for all the islands in which
major collections were made, together with the Canna collection
(Bertram, 1938)., Tiree, where more collecting was done than
elsewhere, has at least 16 species, and Shillay, the 113 acre
1sland off Pabbay, Sound of Harris, which has never been
inhabited, at least 4 species. The minor collections from
South Ulst and Benbecula show Allolobophora caliginosa,

A. chlorotica, A. longa, B. tenuis, I.. castaneus, and
L. Tubellus to be present in both islands.

No/



No sign of endemicism has so far been detected in Hebri-
:dean earthworms. All specles are widely distributed

throughout the world and have been given the name peregrine
(Michaelsen, 1900) to distinguish them from the endemic. The

immediate geological history of the Hebrides (Phemister, 1948;
Charlesworth, 1955) suggests that during the Pleistocene and
early Quarternary the whole area was blanketed by an ice-
sheet, with the exception of a few ice-~free nunataks. Heslop
Harrison (1948) suggests that Pleistocene plants in the
Hebrides survived the ice-ages on those nunataks, but Raven

(191»9) takes the view that such plants may have been introduced.

Earthworms cannot survive freezing, and although exceptional
records have been obtained in Kolguev, Nova Zembla, and the !
north cogst of Sibveria (Stephenson, 1930), the probability of
earthworms surviving the ice-ages in the Hebrides appears very
small, Endemic species are found in southern Ireland and
England which lay beyond the southern limit of ice transgression. j
Colonisation of soils in northern Britain probably followed l
closely the settlement of the ice-frep land by man, since man

is considered (Stephenson, 1930) to be the principal vector of

earthworns, The distribution of such species as Dendrobaena

mammalis, Eisenia foetida, Lumbricus festivus, and Octolasium
Jacteum 1in the Hebrides 3uggeatﬁ that colonisation may still

be in progress.

since/




Since the colonisati‘on of the Hebrides by man, trading
has been carried out directly with the mainland, Ireland, and
probably Norway. There have also been.strong inter-island
trade connections. Heslop Harrison (1948), in his explanation
of the presence of animals and plants with Irish affinities
in the Western Isles of Scotland, overlooks the fact that
strong connections existed in the days of salling boats between
the Inner Hebrides and Ireland. A member of the crew of the
0ld sailing ship Mary Stewart, the remains of which are still
T0o be seen in Scarinish hafﬁour, Tiree, has described to the

author the direct trade between the islands and Ireland in

lime ang farm produce. The shipment of potatoes, oats, animal

fodder, 1ivestock, implements, building materials, and in a few
instances of soil to enhance gardens in the Outer Hebrides,
have all played an important part in vectoring earthworms to

the remotest Hebrides.

111, THE SPECIES

Allolobophora caliginosa Savigny.

A dominant species in all islands. Both forms typica

and trapezoides A. Duges are often present in the same locality.
It is sbundant in machair and cultivated soils, present in

grass-moor, but scarce in dunes, and absent from peat bogs.

More numerous in the open soil than in dung-pats.

A. chlorotica/
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A. chlorotica Savigny

Present, yet never abundant, in machair, cultivated ground,
and grass-moor. Although common in islands south of the Sound

of Harris, it is much less so in Harris and Lewis, no records

having yet been obtained from there, or from St. Kilda.,

Common under stones.

. terrestris forma longa Ude.

Patchy in distribution throughout the islands, and within

each island. Reported from all the major islands searched,

€xcept Coll. Usually found in shell-sand loam, but colonises

dune bagins, and is found occasionally on grass-moor usually

near derelict in-bye croftland. Not found in peat bogs.

Bimastus eigeni Levinsen.

A dominant species on moorland soils of all the major
18lands except perhaps Canna where it may have been overlooked.
Not found at all in shell-sand, dunes or machair, but colonises

peat cuttings. Aggregates in dung-pats.

B, tenuis Eisen.

Found "to be most numerous in dunes and machair, and is
common on cultivated ground and grass-moor, but not on heather-
moor. Not reported from St. Kilda, but one was found in a

peaty lazy-bed in Scalpay (Harris). More common in dung or

under stones tﬁan in open soil.

Dendrobaena mammalisg/



Dendrobaena mammalis Savigny.

Present in machair, cultivated ground, and grass-moor in
Coll, Tiree, Barra, and North Uist, but not so far recorded
from Harris, Lewis, or Canna, Never abundant, 1t colonises

the niches in dung and under stones, and has not so far been

taken from open soil,

D, octaedra Savigny.

A dominant species in all islands, but not so far recorded
from Canna, though it is probably present there locally.
Abundant in dung, in machair, cultivated soils, and moorland,

1t is also a successful colonist of shell-sand dunes and peat

cuttings,

D, rubida Savigny - D, subrubicunda Eisen.

Both species which are very closely related, are widely
distributed from Islay to Lewis, occurring in small islands
around the Harris coast and at St. Kilda, They are never

dominant, but occur in dung-pats on all types of soil from
shell-gand dunes to peat bogs.

Bigseni foetida Savigny.

This species has not been found to occur in natural field
populations (Guild, 1951a), and its distribution in the Hebrides.

seems to confirm this, In Britain it occurs most abundantly

in/




in middens, but though a few of those were searched in the
Hebrides, no specimens were found. The only records come f{rom

a compost heap and garden solil in Canna.

k. Yrosea Savigny.

All specimens so far obtained are forma typica. A

comparatively uncommon species in the islands where it occurs,

found usually under stones on the grass-moor. It is common,

however, in St. Kilda and Scalpay (Harris).

Eiseniells tetraedra forma typica Savigny.

A dominant species in marshes, but not common on well-

drained or well-grazed ground. It has been found in rank

ungrazed machair, in Tiree, well away from any marsh or water-

course. It occurs in dung-pats on all marshes from the dunes

to the peat bogs. Recorded in all the major cqllect:lona.

Lumbricus castaneus Savigny. )

Common on machair and cultivated soils, but scarcer in

dunes and moorland, and not found in peat cuttings. Has been

recorded almost everywhere, but so far only one specimen has

been obtained from Islay.

L, festivus Savigny.

Found as a dominant in dung-pats in dunes and machair in

Coll, but except for a few collected in dung on the grass-moor

in/



10,

in Tiree, the species has not been found elsewhere. The

species, together with 0. lacteum, clearly possesses a restric-

:ted geographical range in the Hebrides. Its distribution
in the West Highlands and Inner Hebrides is unknown except for

local occurrences in Coll and Tiree, but its complete absence
from the ten islands searched in the Outer Hebrides seems to
suggest that I, festivus has not yet colonised Hebridean
80ils on the scale of most other species: Guild (1951a)
observes that this species is scarce and localised c:n the
British mainland, gnd its sparse occurrence in the Hebrides

stands out in contrast to the coincidental abundance and

ubiquity of L. rubellus.

L, Tubellus Hoffmeister.

A dominant species in all islands searched from Islay to
Lewis, and in St. Kilda. It 18 found colonising both unstable
dune and peat bog, and is sbundant in machair, cultivated soils,
and grasg-moor. It is found in dung-pats, under stones, in
oren soils, and is present in tussocks of Armeria maritima on

sea cliffs. It is not common in marshes.

L. terrestris Linnaeus,

An uncommon species in machalr, cultivated ground, and
grass-moor usually near present or ruined habitation. It 18

more common in open soils and under stones than in dung-pats.

Octolasium cxaneg/
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Octolasium cyaneum Savigny.

Fairly common on machair, cultivated ground and grass-moor,
but not in dunes or heather-moor. More common under stones
than elsewhere, It has been recorded only once 1ln the same

locallty as the related species 0. lacteum, in Tiree, and then

only by a single specimen. of the latter.

0. lacteum Orley.

Local in distribution. Recorded from Tiree (one mature
specimen), Barra, Scalpay (Harris), and Lewis. Most common
under stones in peaty cultivated soils and under stones on

the E'a88-MOOYr.
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PAPER I, SECTION B.

ECOLOGICAL DISTRIBUTION

I. INTRODUCTION

Evans and Guild (1947, 1948a, 1948b), Evans (1948), and
Guild (1948) have examined populations of earthworms in
agricultural fields at Rothamsted and in the Carse of Stirling,
and show that different soil types and soils of different
agricultural history possess different sprecies complexes of
earthworms, and that the complexes in acid natural pastures
can be altered by agricultural treatment. Effects of
Ploughing on earthworms were studied, and also the casting and

reproductive potential of important British species.

Guild (1951a, 1951b, 1952a) has described field popula-
:tions in south-east Scotland giving species complexes,
estimates of density, and the effects of acid soil conditions
on earthworns. In upland pastures he found very high varia-
tbility in both numbers and specles complex over short
distances, and also that earthworms are not uniformly distri-

tbuted in agricultural fields (Guild, 1952b).

Neilsen (1951) found one srecies of earthworm in New

Zealand highly correlated with the exchangeable calcium in the

soill/
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soil, but Satchell (1955b) found in experimental plots that
differences between plot populations could be explained more
by pH than by exchangeable calcium, and confirmed the effectis
of pH in natural populations, In a2 similar manner to

Bornebusch (1930), Satchell classifies the species into "acid-

tolerant", "“ubiquitous", and "acid-intolerant'", Aggregations
probably similar to Guild's "sub-populations" (1952b), he thinks
are the balance of the aggregating effects of reproduction and
the randomising effects of mortality and *dispersal.

Svendsen (in 1it.) has studied the ecology of earthworms on
a Pennine moorland, He describes the mode of aggregation in
sheep dung, and by field experiment has shown that it is due
not entirely to reproduction or the formation of "family" groups
in situ as suggested by Satchell, but also to colonisation
from outside the immediate area of the dung.

This paper deals with basic aspects of earthworm ecology
and describes the soil system and part of the invertebrate
fauna of ‘l';he extreme north-west fringe of the British Isles
(Fig. 1)e Some insect groups have been surveyed by several
other workers, and the general distribution, but not detailed
ecology, of the land molluscs is known in the area (Roebuck,
1918; Forrest et al,, 1936), but the earthworms have been
almost entirely neglected,

II, METHODS AND MATERIALS/

__-—-—-_——-—_—______-




IT. METHODS AND MATERIALS

! 1) Survey Method

In order to arrive at a étandarq method of sampling which

might be applied both to the insular populations as a whole,
and also to the ecological subdivisions existing within those

populations, it was essential that all possible soil niches

should be investigated, and earthworms extracted for qualitative

and quantitative determinations. This was done by a transect

survey method which enables all, or practically all, soil \
niches present in the islands to be examined in the shortest
possible time. Due to the soil gradient from shore sand to

peat existing in most of the islands this transect method

proved particularly suitable. While this method may not reveal
the absolute species complex for each island, it closely
approaches this, and is a means of investigating differences
'bejbween the insular populations. Most 1slands present a full
range in soils from sand.to peat, but exceptions do exist in
Tiree, where no extensive peat formations exist, and in Scalpay

(Harris), where there is no calcareous sand, -

Selection of transects (Appendix I) in each island with
roughly similar topographical character and agricultural history,

was very difficult. In the ideal case a "natural® transition

or prisere (Tansley, 1939) would be chosen without interference

from/
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from cultivation or g razing, but this is never obtained. All
parts are heavily grazed, and cultivation extends over most
machairs with the grass-moors showing signs of derelict lazy-
bed cultivation (Darling, 1945). Allowances were made to
include all possible soil types and niches and to avold bare

rock, blowing sand, and open water where no earthworms normally

exist,

Although adopting the usual procedure of sampling at
regular intervals along a single line over fairly uniform ground

in Tiree, the sampling was carried out in all other islands in

distinct ecological zones straddling the transect line. All
obvious so0il niches within these zones, such as under stones,
in dung-pats, in marsh, in woodland, and in moist open soll were
searched., The ideal transition is hardly detectable over short

distances, but sharp local changes do occur due to fencing,

cultivation, and flooding, causing ecological discontinuity.

Thé ecological zones for sampling were selected on the
basis of the vegetative succession (Tansley, 1939), and'of
whether or not the ground was enclosed. The vegetation of the

area is briefly described in a community classification (Forrest

et al., 1936; Darling, 19,7; MacLeod, 1948) and as a flora
(Heslop Harrison et al., undated; Kerr, 1954), but for the

purposes of this work the following communities are used as

Ay

labels for sampling zones.

(1)/
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(1) Pure sand. The sandy shore above the level of high

water ordinary spring tide colonised usually in fore-dunes by

Agropyron junceum, Ammophila arenaria, and Carex arenaria.

(2) Very sandy soil, The sand dunes, known in the

Hebrides as “"bent-hills", colonised by Ammophila arenaria,
Trifolium repens, T, rocumbens, Plantago lanceolata, Galium

verum, and Festuca rubra.

(3) Sandy loam., The sea-meadow or ﬂmachair, possessing a
complex sward which has been described elsewhere (see botanical
references above). True machair is free from Ammophila
arenaria, has never been tilled, and an "ecotone" (Tansley,

1939) exists between it and the dunes.

_(Lt! Sandy loam grading to peaty loam. - The cultivated

ground (enclosed) which is acquired by tillage of the machailr

on the one hand and the grass-moor on the other. This includes
usually the in-bye ground of crofts and ylelds crops of hay,
oats, potatoes, turnips, and barley in that order of importance

(Darling et al., 1955).

(5) "Mor* (Russell, 1950) soil. The grass-moor usually

commences where the sandy drift meets the solid rock. The
ground tends to slope steeply with many rock outcrops. Lochs,
water-courses, and marshes frequently occur at the junction of

the "1ight" and the “dark" soils., The vegetation consists of

Molinig/
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Molinia caerulea, Carex flava, Trichophorum caespltosum,

Nardus stricta, and Eriophorum angustifolium. Calluna vulgaris "

and Erica tetralix are usually present also but are sub-dominant.l

(6) Peat. The heather-moor usually on a raised, compara-
=:'51V91Y flat peat bog covered with luxuriant Calluna vulgaris

and Erica tetralix.

2 Soil Samplin

From each of those ecological zones a series of soll
samples was taken for analysis in cores 10 to 15 centimetres
deep according to the depth of the soil. Sampling stations
were coincidental with those used for earthworm sampling. In
dunes the soll changes rapidly over the parabolas from basin
to crest, and in winter the rising water-table floods many
basins. Similarly on the moorland soil conditions reflect
the dampness patterns, and both here and in the dunes it was
difficult to obtain samples which might be typical of the
entire zone. These were taken, however, in localitles where
earthworms are readlly avallable. On the machair and cultiva-

tted land soll conditions vary little by comparison.

In each zone three soil bags were filled with three samples
in each, all taken from different sites. The samples were
hand-sorted in the laboratory to remove as much as possible of

the/
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the plant material, and the three samples in each bag thoroughly

mixed. From these three mixed samples, sub-samples were taken,

and the following estimations made:

PH =~ by both colorimetric and electrometric
(glass electrode) methods in each case.

caco3 content -~ Dy the back titration method
using dilute HCl1l and NaOH on samples of
ignited soil.

Loss of weight on ignition (organic content) -
by igniting soil dried at 110°C for 18

hours at 500°C which is below the
temperature of dissociation of the 03003.

! 3 ) Earthworm Sampling

Guild (1951b, 1952a) discusses the problems of assessing
earthworm populations in heterogeneous soils, and compares
earthworm distribution with that of plants, pointing out that
even on relatively uniform pasture fields the variation in
species numbers in samples taken from individual fields fre-
s quently equals and sometimes exceeds 4+ 50 per cent of the
mean., The soils of the dunes and the moorland are extremely
heterogeneous, and wide variation also exists in the machailr

and cultivated soils.

Any sampling method capable of revealing the quantitative

differences between ecological zones would therefore require

to overcome the high variability of the ecosystem. This
might/
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might be partly accomplished by subdividing each zone into its

own particular complex of communities (a difficult task since

knowledge is scanty and the eye not sufficiently well-trained),

by sub-sampling those communities to obtain as near an absolute

measure of the blomass or numbers of earthworms per unit ares,

and summing to obtain a zonal estimate.

In all zones every niche which might be occcupied by earth-
e WOrms was searched, and earthworms extracted. By thls means
the species complex peculiar to each zone could be thoroughly
investigated, and both qualitative and quantitative comparisons

drawn, All extraction of earthworms was carried out in the

field. The potassium permanganate solution method (Evans and

Guild, 194,7) was used where possible, but turfs were also dug

and hand-gorted, dung-pats (cow and horse) broken up, and stones

ralsed. No reallﬁf efficient method of earthworm extraction

has been described. The potassium permanganate solution method
used alone is unsuitable for comparative studies on different
earthworm populations (Svendsen, 1955), and the electrical
method (Satchell, 1955¢), although perhaps giving finer measure-

:ments than the potassium permanganate solution method, is not

sultable for remote field work.

Vhen extracted, the earthworms iere preserved in 4 per cent

formalin, and taken to the laboratory for identification and
counting/
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counting. Identification was according to the key compiled
by Cernosvitov and Evans (1947). Occasionally it was not
possible to identify immature worms. ‘These were allotted to

the most closely related species according to the proportions
of matures of each species present, Owing to taxonomic diffle-

sculties B, tenuis, D, rubida, and D, subrubicunda were

regarded as a complex in quantitative analysis,

III, THE SOIL HABITAT

(1[ General Character

*

The so0il mantle of the Hebrides is considered as being
derived from three sources: (i) from the erosion of the
country rocks, (ii) from materials taken from solution in the
sea and subsequently cast up on the shore, and (iii) from
organic material of both marine and terrestrial origin, (1)
may be conveniently referred to as '"erosion" derivatives, (ii)

"marine" and (iii) "organic',

The area described here extends along the outer fringe of

islands including Islay, Tiree, Coll, and the whole of the
Outer Hebrides (Fig. 1). Through this arc of islands conside-

:rable quantities of both erosion and marine derivatives have

accumulated, been mixed, and have formed the basis for

development/



21,

developrment of the organic fraction. The erosion fraction
comes from a comparatively uniform geological background of
Lewislan gneiss, with major interruptions of Torridonian rocks
in west Islay, and granite in Harris (Charlesworth, 1955:
Phemister, 1948; Read, 1935). The marine fraction consists
mainly of the finely divided hard parts of marine inverte-

tbrates and algae.

Shore sand possessing this hligh marine fraction is known
a8 shell-sand to distinguish it from silica and basalt sands
wWhich have mainly erosion derivatives., The shell content
varies considerably both within each deposit and between de-
:Posits. Within a single deposit at Durness (Darling et al.,
1955) the range in CaCO; content was from 40 to 70 per cent,
and considering the 18 analyses available for the fringing
islands (parling, 1955; Table II, and others by the author)
the means for each deposit range from 38 to 86 per cent. In
Islay, due to a large erosion fraction from the Torridonian,

& low mean value for CaCO. is obtained, and a value of LO per

b
cent 1s obtained in Benbecula, while a few miles distant in

North and South Uist the mean figures fall between 49 and 65

per cent.

The sand has accumulated on the western and socuthern

aspects of the islands, while in the central, northern, and

eastern/
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eastern reaches much bare rock protrudes, and depressions are
filled with glacial or raised beach deposits. Small islands
such as those in the Sounds of Harris and Barra, together with
north-pointing promontories such as the Eoligarry in Barra, Toe
Head in Harris, and Lewis (Broad Bay) are exceptions having
major accumulations on thelir eastern shores, while Tiree 1s

almost completely encompassed by calcareous sandy beaches.,

The general inference arises that the mineral base of the
501l mantle has two major components so deposited as to cause
& regional ecological gradient in the soil from a stratum of
one particular character to that of the opposite character.
Along the sandy shores occur the "light" soils of loose texture
(Plate 1), low physical stabllity, low organic content, high
lime content, and high pH, while on the erosion soils exactly
the opposite conditions prevail (Plate II). Soll character
changes rapidly along transect lines at right angles to the
sandy shore and usually in the direction of the prevailing wind,
The transects from calcareous sand to peat described in this
survey extend over distances of from 1 to 3 kilometres, but the
transition can be accomplished in less than 100 metres in some
- sheltered -north-facing bays such as those at the north tip of

Coll. Between the two extremes occurs an ecotone upon which

1s evolved a gradient of soil types.

Soil is everywhere shallow. In a fairly uniform transition

from/



from dunes to machair in Tiree, depth increases from 3 centl-
.metres in dune basins to 12 centimetres in the machair, 1in a
horizontal distance of about 200 metres. In ﬁachair the soll
depth does not usually exceed 15 centimetres, although it may
be more than twice that in cultivation, and a sharp discon-
¢tinuity normally exists between the soll and the gub-sand
(Plate I). In places deep-rooting plants or én old over-
blown soil gives a humus=-rich layer, usually with falrly sharp
demarcation, between 20 and 60 centimetres below the surface
(Plate 11I). Fig. 2 shows the variation of moisture and
organic content of the machair soil at Balinoe, Tiree in July,
1952, from the surface to the water-table. The “'mor" solls
of the moorland extend to a natural depth of between 30 and LO
centimetres when topped by a boulder clay, but are much
shallower, sometimes only a root mat, over bare rock. Locally
the depth is enhanced by lazy-bedding, where parallel trenches

have been cut close together and thesoil heaped on the inter-

svening ridges (Plate IV ).

2 Phvsical Stability (Faunistic Asgpects

Physical stability is the resultant of a force complex
including weather, plant communities, animal activity, soil
texture, water relations, and topography. It cannot be

conveniently measured directly but is, nevertheless, a function

of/



of other characteristics which can be accurately measured. It

is the inverse of CaCOz conteni, since the CaCO3z source (shore

sand) lies at the lowest point of the stability gradient, and
directly related to loss of weight on ignition since the peat
lies at the highest point of that gradient.

Only aspects 6f 8011 mechanics which affect or are affected
by animals, and particularly earthworms, lie within the scope
of this work, and it is only possible to mention here a few of
the macroscopic forms which play a ma;]oi:' rart in the disturbance
of the soil. The vegetation is considered as the prime agent
of sand fixation. . An arbitrary line might be drawn through
the machair parallel to the shore, dividing the unstable solls
on the gseaward side from the staﬁle soils on the landward. The
discussion on physical stability resolves itself into the
fixation of wind-blown Sand in dunes, the ultimate development
of machair, and the damage to the fixation agency by animals.

The rabbit Oryctolagus cuniculus is by far the most impor-
¢ tant wild animal in this connection. Having been introduced
into the islands in the 18th and 19th centuries (Harvie-Brown
and Buckley, 1888, 1892), the rabbit now océupies all the major
i1slands with the exception of Tiree, where it became extinct
in the middle of the 19th century. The situation in Tiree gives
a fair standard for comparison to rabbit infested dunes and

machair in other islands., At Machair Mhor, Coll, there is a
fine/



fine example of how dune conditions are perpetuated on ground
which would otherwise be free of Ammophila. Land of exactly
similar character and situation at Balevoulin, Cornaigmore,

and Balephetrish in Tiree, possesses well-developed machair,
Rabbit damage is of two sorts; the burrowing causes blow-outis
(Plate V), and the overgrazing eliminates important members of
the sand-fixing plant community and weakens the root complex
(Plate VI). The rapid spread of myxomatosis throughout the
1slands during 1954-55 has, however, reduced greatly thei number

of rabbits. All other wild vertebrates cause minor damage,

but Mus norvegicus, Apodemus hebridensis, Microtus agrestis
(Harvie-Brown and Buckley, 1898-92), and Sorex minuta are

Present locally and a new record of Erinaceus europaeus has
recently been made by the author in sand dunes in Coll. Among
the birds Tadorna tadorna (sheld-duck) » and Riparia riparia

(sand martin) make nesting burrows in sand dunes in both Outer

¢

and Inner Hebrides.

Extensive damage to dune vegetation is also wrought by

cattle, sheep, and horses. Sheep and cattle cause damage by
both body-rubbing against sandy scarps, and sheltering under
those scarps in bad weather with excessive trampling (Plate VII),
The total effect of domestic stock can be seen in Tiree where
there is no rabbit damage to obscure the situation. Apart

from the agency of grazing animals, however, man contributes

directly/
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directly by deliberate overgrazing by livestock, damage to the
turf mat by vehicles, burying rubbish and dead farm stock in
the dunes, and taking dune sand for building material., Chil-

sdren at play also cause much damage.

Earthworms play & great part in soil movement (Evans,

1948), probably more so than any other group of animals, but
they do little to upset the physical stability of the soil.

In the dumes and machair, the dominant species Allolobophora
caliginosa, Bimastus tenuls, Dendrobaena octaedra, and

Lumbricus rubellus, do not send up casts above the general

level of the sward. The large casting species Allolobophora
longa occurs occasionally in dunes and bullds very sandy casts i

well above the general level of the sward. These quickly dry
out, and become dispersed by the wind. In the machair

A. longa and Octolasium cyaneum both build casts higher than
the grazed sward, but these have a stickiness, and are washed

down by the rain in situ,

Myrmica rubra and M. scabrinodis are abundant in the dunes
and machair, where, in the absence of surface stoneé, they
colonise dry cow-pats. The soil immediately under the cow-pat
18 excavated with the formation of tunnels and galleries
causing damage to the root complex, and, on the drier and
looser subsirates, centres of instability. In Coll, Formica

fusca has colonised outcrops of loose-textured shell-sandstone

in/
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in the dune basins, There, tunnel and gallery systems have

been excavated on a grand scale, The ants may be seen
transporting sand grains, and the excavations contribute
greatly to the rapid break-down of the rock by wind action,

Throughout the entire area Geotrupes sterocorarius is
found burrowing in all types of soll under dung-pats, It is
particularly abundant in the dune and machair zones, and in
the latter is responsible for the penetration of the 15 centi-
tmetre soil mat, and for sending to the surface considerable
quantities of pure sand, It is the only invertebrate observed
to do so on such a scale, Those sand heaps, usually on the
fringe of a cow-pat, and sometimes as much as half the size of

the pat itself, are quickly scattered by the wind,

Soil Analyvsis

The distribution of earthworms within the wide range of
801l conditions present in the Hebrides is the outline of a
complete ecosystem, the frequency of the animals belng a
measure of the animal-environment interactions (Allee et sl.,
1949). Many factors are known to influence earthworm numbers,

but Satchell (1955b) has shown that there is a high degree of

correlation between these, pH, and avallable calcium, CaCO-3

content, pH, and loss of weight on ignition (organic content),

which are correlated among themselves and also to moisture

retaining/
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retaining capacity are measured and later used as indicators

of soll character. Table II shows the pH range between mean
values of 8.6 in the shore sand to L.4 in the peat moorland;
Teble III the range in CaCO; content from means of 65.5 per
cent dry weight to 0.6 per cent at transect extremes; Table IV

the same for loss of weight on ignition, means ranging from

le7 Per cent dry weight to 75.9 per cent.

IV. ECOIOGICAL DISTRIBUTION

1 he D Communit

The dune community is seen in Table V, there being a
complex of 10 species (B. tenuis, D. rubida, and D. subrubicunda
considered separately) with L. rubellus, D. rubida-subrubicunda,
L. castaneus, and B. tenuis sharing dominance. These are the
"Ploneer" gpecies existing in the unstable dune., Almost
without exception I.. rubellus, and in many cases the other
three dominant species also, was found in thick Ammophila
immediately above the shore sande At no time were earthworms
found in the unstable dune other than in dung-pats, and dung
1s undoubtedly the basis of colonisation. The population

would appear to be clustered in or immediately under the dung-

pats with practically no earthworms in the interspaces, except

in moist basins where organic matter is more Plentiful. The

dung/
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dung of cattle, horses, and to a lesser extent that of sheep,
provides optimal or nearly optimal conditions for earthworms
in an otherwise austere environment where both food and moisture

are severely limited,

In Table V A, longa does not appear, although 1t occurs
at the dune pH level of 8,2, This species was not obtained in
sampling surveys in dunes but was observed casting among

thinning Ammophila at Newton, North Uist, The casts and the
5011 were extremely sandy, and soll depth was about 5 centi-
smetres, These earthworms were found casting in the dunes
immediately landward to the shore rampart in September, 1955,
only a month after the end of the drought., Eiseniella
tetraedra, a speciles fﬁund usually in limnic situations, occurs
in marshy basins, Having no obvious limnic migration route

through the dunes, those earthworms appear to form more or less

1solategd communities,

In the Hebrides, except in the most severe conditions, only
the upper 4 centimetres of the soil freeze hard in the winter,
and then only for a few days. Summer drought, however, causes
dune soils to dry out to a depth of 30 centimetres or more, and
the compaction of the sub-sand prevents the movement of earth-
sworms vertlcally, Lines of weakness in the tight sand do
occur along the deep roots of Ammophila, and these may give

access to more moist levels, Grant (1955) has shown, however,

that/
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that two common field species, A. caliginosa and E. foetida,
can sustain a loss of 63.5 and 58.8 per cent respectively of

their body weight before reaching their vital limits of

desiccation.

The "family" group theory of aggregation (Satchell, 1955b)
probably finds confirmation in the dune community, but provision
almost certainly requires to be made for initial colonisation.
S0 diffuse is the unstable dune community in the interspaces
between the dung, that the chances of a pat being actually
deposited on top of, or even near to, an earthworm are small.
There is only negative evidence in support of this, since no
earthworms have been found in the interspaces, but it is clear
that, with the wholesale dispersion of dung by birds, flies,
beetles, and the wind, surviving earthworms must migrate
horizontally, The chances of dung being deposited on the same
slte within the lifetime of the youngest survivor are probably

extremely small.

Evans and Guild (1948a) used L. rubellus, L. castaneus, and
D: subrubicunda together with other 8 species in reproduction
éxperiments, and found that those species named had the highest
reproductive rates, apart from E. foetida which is not present
in this area. They also found, using A. chlorotica, that

moisture content of the soil greatly affected reproduction, and

that below about 20 per cent of dry weight of soil it ceased
altogether. Bullock, horse, and sheep droppings, they found,

gave best feeding conditions for reproduction.
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It appears that the colonisation of dunes by earthworms
follows closely the dampness pattern, the population, as would
be expected, being denser in the basins than on the slopes and
crests. The successful colonists have a distinct preference
for dung, both as an environment and as food, have a higher
reproductive potential than others p}esent, and are able to
survive drought and predation in such numbers as to maintaln

the population.

(2! The Machalir Community

The machair community is seen in Table VI, there belng a

complex of 15 species, L. rubellus, A. caliginosa, and

D. octaedra sharing dominance. A. caliginosa is probably a

more important species in machair soils than the figure of
22.8 per cent suggests, since it is found to prefer dung much
less than other dominants, and is more difficult to collect in
areas where the open soil cannot be sampled by the KMnol’
solution method, due to lack of running water. The figure of
42.5 per cent obtained in Tiree (C), where sampling conditions
are good, is probably more representative. From the percen-
¢:tages In these Tables, 1t is seen thaf the representative

proportions of species in populations in different areas vary

greatly, and that it is only by considering the areas

cunulatively that a representative picture may be obtained.

No/
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No really deep-burrowing species occur, but large casting
specles such as A, longa and Q. cyaneum are sometimes present,

though never dominant. The casts contain much more sand than

the surrounding soil, due either to their concentrating the
sand or taking it from the base of the soil mat., A. longa,
however, is considered (Evans, 1948) to burrow only about 30

centimetres in English agricultural fields, and in the machair

seldom goes deeper than soil base at about 15 centimetres.

The division between the soll mat and the sand below is a
sharp ecological discontinuity (Plate VIII), and the main mass
of the soil fauna, including earthworms, inhabits only the
upper soil mate This discontinuity, it may be argued, 1is
created by an earthworm community able to live all year round
in the surface layer without being forced down elther by frost
or drought., During a severe frost in February, 1955, only
the upper 5 centimetres of the soll were frozen, and the
carthworms were found to be active in the free 10 centimetres
above the discontinuity. In July and August, 1955, when no
fresh dung was being deposited in the area, after two months
of drought the sward became scorched, and the soil very dry to
a depth of about 8 centimetres. The remaining 7 centimetres

immediately above the sand were slightly moist and there the

earthworms lay curled and inactive.

Fig. 2 shows that across the soil-sand discontinulity

environmental/
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environmental factors controlling earthworm movement change

sharply. The compaction of the sand is very tight; a spade
going through the soil easily meets the sand with a sharp Jjolt

as of striking a rock. No earthworms have been found in the
sand immediately below the soil, and though dung was placed
at intervals of 10 centimetres from the surface to the water-
table, in this area with an organic layer between 30 and 45
centimetres, no earthworms were found below the 10 centimetre
level. There is little doubt that one of the prime factors
determining the soil depth in untilled sandy solls, such as
machair , 1s the burrowing habit of the earthworns. The
conspicuous absence of the deep-burrowing L. terrestris (Evans,
19&8)? a commoil Scottish field species (Guild, 1951_a_), from
the machair soils is perhaps sipgnificant.

Eisenia rosea, a- species abundant in Rothamsted soils
(Satchell, 1955b) and a common field species in Scotland (Guilgd,
1951a), occurs only on one machair site, the warren (local
name) Kilchoman, Islay. Ploughing is sald to increase the
proportions of this species (Evans and Guild, 1947) and to
decrease others, but in Table VI E. rosea is not seen at all
on solls cultivated from machair; the St. Kilda record 1s
from derelict grass-moor cultivation. The occurrence of a
species, however, not only depends on the acceptability of the

habitat, but also on the chance of introduction to a
geographically/
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geographically isolated area. Perhaps the best illustration

of this comes from the comparatively high proportion of
L. festivus at the Machair Mhor, Coll, and its complete absence

elsewvhere.

(2! The Community in Cultivated Soils

Table VII shows the species complex on cultivated soils
(including enclosed leys), and is roughly similar to that in
machair soils (Table VI). Of the three machair dominants,
A. caliginosa seems to have a similar gtatus in cultivated

solls, but D. octaedra and I.. rubellus are less abundant, while
L. castaneus is more numerous., L. festivus does not occur
because cultivated ground ﬁas not included in the only transect
in which this speclies was found, . €lseni, ébsent in the
dunes and machalr, appears in Table VI, but it is found only
in lazy-bed cultivation in Scalpay, Harris, and St. Kilda, a
situvation comparable to the grass-moor. B. tenuis, a species
dominant in the dunes and also numerous in the machalr, was

found to be much less so on the cultivation and the moorland

(Tables VIII and IX).

Ploughing and crop rotation on soils cultivated from
machair (Darling et et al., 1955) destroys the natural division
between the soil mat and the sand, and results in :lncreased

depth with a much greater sand-mix. There is, however, no
striking/
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striking effect evident of this ecological change on the

earthworm population.

At the Reef, Tiree, the airfield perimeter fence forms
a sharp boundary between grazed machair with dung-pats, and
machair which has not been grazed for about fifteen 'years
without dung-pats. Before the construction of the airfield
there was no such discontinuity, but now the fence separates
two distinct earthworm populations. Under the deep mank
vegetation (mostly Festuca rubra) within the airfield, B. tenuis

and E. tetraedra were found to be more abundant than the other

dominants found on grazed machalr.

The airfield population has a fdifferent food supply, and
is less affected by predatory birds mainly Sturnus vulgaris
(starling), Vanellus vanellus (lapwing), Pluvialis apricaria
(golden plover), and _L_ia_i;u_g spp. (gulls), which habitually

search dung-pats for foods Sorex minuta is present in both
areas and is rerhaps more numerous in the long grass of the

alrfield, while the beetle community, rarticularly Nebria

'brevicollis; Pterostichus vulgarig, Carabus granulatus, and
Staphylinus aeneocephalus, is much larger than on the short

cropped grassland.

SM The Grass-moor Communitx/
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Table VIII shows the species complex on the grass-moor.
All species present on the machair except A. longa are found
on the grass-moor and B. eiseni, not found in the machair, is
abundant on the moorland, A. caliginosa appears to be less
numerous, and the dominants are L. rubellus, D. octaedra, and
B, eliseni, On the grass-moor (and to a lesser extent on the
cultivated land) very many more stones are present at the

soll surface than on the machair and dunes. Under these

stones well-made earthworm burrows exist, and in the vicinity

of derelict dwellings and sheep fanks such niches are plenti-

¢ ful, In such localities the earthworm population is found
to be much denser than on the surrounding moorland (Boyd, 1956,
in press, and Section C of this paper). - Species such as

L, terrestris and 0. lacteum are found in the precincts of
ruined crofts where the deeper and better drained soills favour
deep-burrowing species., O. cyaneum 1is found in the same
localities, but also under stones and in dung well away from
signs of human habitation. E. tetraedra is found at Ness,
Lewls, in cow-pats on 0ld peat cuttings on grass-moor where
there 1s much exposed peat and where conditions were similar

to those normally found on the heather-moor (Table IX).

(5) The Heather-moor Community/
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(5) The Heather-moor Community

Table IX shows the complex of 6 species found in the four
heather-moors examined. Earthworms were collected in the
immediate vicinity of dung, usually of sheep, or under turfs
in peat cuttings. L. rubellus, D. octaedra, and B. elseni,
dominant on the grass-moor, are the main colonisers of the
heather-moor. No deep-burrowing species are present, but it
is obvious from the collections in the peat cuttings that those |
specles are not entirely surface living, but do in fact |

inhabit the peat. | ;;

6) Relationships between Earthworms and Soil Type

The occurrence of earthworms in the vai-ious communities

already discussed is seen to be highly wvariable., The variation
is due in part to sampling error, but much more so to the
intrinsic disposition of a diverse fauna within a habitat of
great variety (Plate IX). This variation together with the
small number of samples makes regression analysis between
earthworm abundance and environmental characteristics unprofi-

s table. It 1s clear, however, that abundance of practically
all species of earthworm in Hebridean soils is affected by
changes in soil character of which pH, caco3 content, and loss

of weight on ignition are good indicators.

A/



A glance at Tables II - IV will show that pH, Ca003

content, and loss of welight on ignition are themselves corre-

slated and outline the wide differences of character between
the "1light' or sandy solls of the dunes, machair, and culti-
cvated ground, and the “"dark" or peaty soils of the grass- and
hedther-moor. Earthworm abundance expressed in absolute
nunbers and percentages of each species collected from the two
types of soll are set forth in Table X, The classification
of earthworms into “acid-~tolerant'" litter-dwelling species

and "acid-intolerant" burrowing species made by Bornebusch

(1930) and developed by Satchell (1955b), both of whom worked
in woodland soils, again finds application. If the species
living more abundantly on the moorland be considered as the
"acid-tolerant" (pH of the soil, below 6), and those more
abundant on the calcareous grassland as “acid-intolerant"

(pH of the soil, above 6), the species complex, with the excep-

: tion of D. mammalis, L. terrestris, and O. cyaneum, can be
thus divided., A, caliginosa, A. longa, E. tetraedra,

L., castaneus, and L. rubellus are “acid-intolerant".

A. chlorotica, B, eiseni, B, tenuis - D, rubida-subrubicunda
complex, D. octaedra, E. rosea, L. festivus, and 0. lacteunm
are "acid-tolerant". All the differences between abundance

on the calcareous grassland and the moorland being significant

(three exceptions mentioned above).

In/
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In the cases of A. chioroticé, A. longa, D, mammalis,
E. rosea, L., festivus, L. terrestris, 0. cysneum, and 0. lacteum
comparatively small numb‘er‘s were obtained, and the classifi-
scation of these species should be treated ﬁitil some reserve.
A. caliginosa, B. eiseni, B, tenuis - D. rubida-subrubicunda
complex, D. octaedra, E. tetraédra ,q L. castaneus, and
L. rubellus on the other hand appear in larger numbevrs and .
there is 1ittle doubt about the classification of these specles. :
Some are clearly affected more than others. A. caliginosa and |
L. castaneus (bp*th "acid-intqlérant") ’ Ltogether with B. eiseni
and D. octaedra ('both nacid-tolerant"), show differences of

the highest significance. Satchell (1955b) classifies
L. rubellus as "ubigquitous", and this species, together with

—_——— = — - J— -
-

the B. tenuis - D. rubida-subrubicunda complex, is found fairly
evenly distrihuted throughout the entire range of soil conditions'
from calcareous sanhd to peat; yet both have significant
differences in abundance between "light" and "dark" soils. The
term "ubiquitous" may apply more favourably to forest soils

than to grassland soils, but is ambiguous. A. caliginosa,

for example, 1s a distinctly "acid-intolerant"® species, but it
was found at low frequency in two of the four heather-moors

examined (pH of the 80il 4.3 = 4.9). It is, in sensu stricto,
ub1q111t0uﬂo

(7) soi1 Niches/
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While sampling earthworms in the various ecological zones
i1t became obvious that the proportions of species present
differed in different niches. From collections in exactly the
same 801l locality in Islay from dung-pats and under stones, 18
A. caliginosa, 31 D. subrubicunda, and 37 L. rubellus were
found in the former, and in the latter 49, 7, and 23 respec-
¢ tively. Collections from dung-pats apd oren s80ll in exactly
the same s0il locality in Tiree show 277 A. caliginosa, 101
D. octaedra, 59 L. castaneus, and 448 L, rubellus in the dung-
rats, and 439, 22, 1, and 52 respectively in the open soil.
Dung-pat collections from marsh and from machair 50 metres
apart give 0 A. caliginosa, 71 E. tetraedra, and O L. rubellus
in the former, and 19, 2, and 63 respectively in the latter.
The differencesin all cases are highly significant.

The dung-pat provides a randomly dispersed niche which

over-rides the ecological zonation, and which 1s the basis of
dune colonisation. Of the 10 dunes and machairs included in
this survey all but 1 were grazed by cattle, and earthworm

sampling in dung was mainly carried out in cow-pats o0ld enough
1o be conveniently broken up with forceps. Cow=-pat frequency
varies according to the number of head per acre, and increases

greatly around wind-breaks and water-holes. Table XI shows

results of samples taken of 12 x 12 metre quadrats on dunes and
machairs/
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machairs at Balinoe, Barrapol, and the Reef, Tiree, in July,
1952, together with a satisfactory test for random distribution,
the deviations being insignificant at the 5 per cent level and

greater.

The detalled analysis of collections from different soil
niches in 7 different locallities - 2 in Iélay, 1l in Tiree, 1
in Coll, 1 in North Uist, and 2 in Lewis: 4 from machalr, and
3 from moorland -~ is set forth in 'f'a'ble XII, and Fig. 4.

Differences in the percentage constitution of all three
communities - in open soil, in and under cow-pats, and under
stones - are seen to be significant in only 2 species, 6 species
in two out of three, 3 species in one out of three, and kL
speclies in none out of three. Of the three niches it is pos-~
¢8lble that open soil and under stones are more similar than
each are separately to the dung-pat niche. Of the 15 specles
(counting B. tenuis - D. rubida-subrubicunda complex as a
single species for the purpose), 10 show no significant diffe-
:rence in numbers between open soll and under stones, while 8

show this between open soil and dung-pats, and 6 between under

stones and dung-pats.

It 1s clear that A. caliginosa is most abundant in the
open soll, and may be said to have a very distinct preference
for the open soll, though still constituting a major part of
the/




the communities under stones and in dung-pats. No other
species possesses such a preference, with the possible exception
of the B. tenuis - D. rubida-subrubicunda complex. The pre-
:ferences of this complex, both for open soil and dung-pat, are
equally strong but not significantly different. B. eiseni,

D. octaedra, and L., rubellus possess a significantly stronger
preference for dung-pats than for the other two niches, though
all, with the exception of B. eiseni, are found there. The

only instance of a distinct preference for under stones is

A. chlorotica.

The niche preference of the sub-~-dominant species can be
seen from the Table to be based on small numbers, and these

should be treated with reserve.

V. SUMMARY

1. Past work on relationships between earthworms and the

Soil is briefly summarised.

2¢ A transect survey is described. In it earthworms were
extracted from the soil by the potassium permanganate
method, by digging, by searching dung-pats, and by raising

stones at stations along a line from the shore sand to the

moorland peat.

3« The general character of the so0il habitat is outlined.

The mineral base of the soil is derived from the erosion

of/



of the country rocks, and from substances, mostly CaCo03

taken from solution in the sea by organisms, and cast up
on the islands as shell-sand. Calcareous sand and ﬁeat
are so deposited that a major ecological gradient exists
in the soil from the sand to the peats The pH range of
the so0il is 8.6 to L.4; that of CaC03 content, 65.5 to
0.6 per cent dry weight; and that of loss of weight on
ignition, 1.7 to 75.9 per cent dry weight (mean values for
extreme stations quoted in each case).

Le TFaunistic aspects of physical stablility of dune and
machalr soils are discussed. Stablility l1s seen to be
greatly affected by rabbits, domestic stock, direct human
influence, and to a lesser extent by other small mammals,
birds, earthworms, ants, and a species of beetle.

5« The ecological distribution of earthworms is discussed
in zonal communities. The B. tenuis - D. rublda-

subrubicunda complex, and L. rubellus are the dominant

species in the dunes; A. caliginosa and L. rubellus in
the machair; A. caliginosa, the B. tenuis - D. rubida-
subrubicunda complex, L. castaneusg, and L. rubellus in
the cultivated soils; A. caliginosa, B. eiseni,

D. octaedra, and L. rubellus in the grass-moor; and

B. eiseni, D, octaedra, and L. rubellus in the heather-

mOOY .

6. The large variation in earthworm numbers is discussed and

the/



the comparative abundance of all species emmined between
"light* soils on the calcareous sand, and the “dark"
soils on the peat. Significant differences were found
in all cases except D. mammalis, lL.. terrestris, and

0. cyaneun. Six species appear to be more abundant on
the "1light", and another six on the "“dark" solls.

A. caliginosa and L. castaneus are particularly more

numerous on the "light', and B, eiseni and D. octaedra

on the "darkw,

Communities living in the three soll niches - open soil,
in and under dung-pats, and under stones are examined and
compared. Significan’t. differences in abundance of each
species are noted between niches in all cases except

L. céstaneus, L, festivus, 0. cyaneum, and 0. lacteum
(due possibly to the loﬁr frequency in the last three
cases), ‘ Differences are especially significant in the
cases of A. caliginosa (which does. not aggregate in dung),.
B. eiseni; D. octaedra, and L. rubellus (all three of

which aggregate in dung). Niche preferences are discussed

for all species.



2o

45..

APPENDIX I

List of Survey Areas

Islay. Transect from shore sand at Machlir Bay over the
raised beach at Kilchoman to the heights of Cnoc Dubh.
Jupe, 195;.

Tiree (A). Transect from shore sand at Traigh Shorobeadh,

over machair at Balinoe Church, and across cultivated

ground to heath. July, 1952,
Tiree (B). Transect from shore sand at Traigh a' Bheidhe

west of Abhuinn Bheidhe, across dune and machair to the

west shore of Loch a' Phuil. July, 1952.

Tiree (C). Transect from shore sand at Traigh Baugh
across dunes and machair to ungrazed land lying within

the airfield perimeter fence. March, 1954,

Gunna. Trangsect from shore sand to heath. May, 1954.
Coll. Transect from shore sand at Traigh Hogh across the
Machair Mhor to heather-moor north of Acha. May, 1954.
Barra., Transect from shore sand at Allasdale through the
small glen immediately south of Cuier, to the grass and
heather-moor. April, 1954.

South Uist. Collection from dunes and machair at Grogorry.

November, 1953,
Benbecula. Collection from dunes and machair at Creagorry.

November, 1953.
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9.

Oc.

10,

North Uist. Transect from shore sand at Newton, across
dunes, machair, and cultivated ground, through the small
plantation at Newton House Hotel, and landward to mixed
grass-heather moor. May, 1954.

Harris. Transect from shore sand at Traigh Luskentyre
across dunes, machair, and cultivated ground on the west
bank of the Scilebost River. October, 1954,

Scarp, Harris. Collection from mobriand dung-pats.
September, 1954.

Scalpay, Harris. Collection from lazy-beds and moorland.
May, 1955.

Hirta, St. Kilda. Collections from Village Bay and
Gleann Mor. May, 1955.

Lewis, Transect from shore sand on the west shore below
Eoropie, across machair and cultivated ground to grass-

moor and peat cuttings on the east coast south of Port of

Ness. July, 195,.

In all cases the shortest distance was chosen between

the sand and the peat.
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PAPER I, SECTION C.

'THE LUMBRICIDAE AT ST. KILDA

During visits to St. Kilda in July, 1952, May, 1955, with
the kind permission of the Marﬁuis of Bute, and June, 1956,
tﬁe earthworm communities in the Village Bay and Gleann Mor
areas of Hirta wefe closely examined, and notes made on those
Present on Dun and Boreray. A Ftransect through the village

area was carried oﬁt, the line of transect stretching from the

wall above the storm beach, through the meadows, across the
causeway at cottage No. 5, and from thence up over the perimeter
wall through the walled enclosures in An Lag Bho'n Tuath to the
steep slopes below thé Gap (Fige 5 ). Separate collections
were made throughout the village area (Plate X), under stones

and rotting wood, in disused middens, and by digging in the

meadows. A similar collection was made in the area of the

i

shielings in Gleann Mor (Plate XI), except that none was taken

there from under rotting wood.

The only species of earthworm yet recorded for St. Kilda

1s Lumbricus rubellus Hoffmeister, but no mention is made of
where the specimen was collected in the islands (Evans, 1906).

Altogether nine species were successfully identified, and
there is inconclusive evidence of a tenth. The list is as

follows:

Allolobophora cali ginosa/
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Allolobophora caliginosa forma iypica Savigny

Allolobophora caliginosa forma trapezoides A. Dugas
.. Bimastus eiseni Levinsen |

Dendrobaena octasedra Savigny - ,

Dendrobaena rubida Savigny .

Dendrobaena su‘brqbicunda Eisen

Eiseni rosea forma typica Savigny

Eiseniella tetraedra forma typica Savigny

Lunbricus castaneus Savigny

ILumbricus rubellus Hoffmeister

Vhile sampling was being done in the walled enclosures in
An Lag Bho'n Tuath a large dark red specimen,-too large to be
the typical form of L. rubellus, was found, and while digging
in the village meadows three large dark red individuals were
noticed, all of which escaped before final identification.
This may mean, however,that Lumbricus terrestris L. 1s present
at low frequency at Village Bay. No such specimens were

noticed in Gleann Mor. .

All the species recorded in this list have been previously
found in the Cuter Hebrides. The list for the entire Hé‘bridean
area, as far as it 1s known, contains 18 sepcles, 2 of which

have been recorded only from the Inner Hebrides.  All, except

D. subrubicunda, have s8o far been recorded from the Scottish

mainland (Guild, 195l1a). -  The dominance of the species 1s also
similar to that found elsewhere in the Hebrides, except for

.Eo roses/
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E. rosea which has a much higher frequency in St. Kilda. A

few mature specimens of this species have so far been recorded
from Barra and Scalpay (Harris), and in Coll its freqguency in

a shore to moor transect was 1.1 per cent. The absence of
cow-pats, especially on the moorland, must affect the distri-
:bution and numbers of such species as L. rubellus, D. octaedra,
and B. eiseni, which are particularly fond of dung, and of all
the other species generally. The withdrawal of cow and pony
grazing probably caused a distinct change in the soil ecology of
Hirta, which affected the earthworms greatly.

The history of the earthworm population of St. Kilda dates
back not further than the end of the Quaternary glaciation, and
18 probably much more recent. During the peak of the Quater-~
:nary glaciation St. Kilda appears to have escaped the main
ice-sheet which covered the Hebrides, but supported small thin
glaciers (Vager, 1953), and climatic conditions would severely
limit the soil fauna. There are few natural vectors of
earthworms {f:hé:‘place so isolated, and the population is probably
a direct att“z:;.:oute of human colonisation within the last 2,000

yoearse.

Although men have visited Soay, Boreray, and Dun (Fig.5 )
regularly and have kept sheep there, the islands have not been
Permanently settled. Distinct signs of lazy-bed cultivation

hay be seen at the north-west end of Dun, and vague parallel

ridges/
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ridges not running along the contours on the southern slopes
of Boreray may also be caused by lazy-bedding in the more
distant past. No opportunity was obtained of examining at
close quarters the grassland and soll of Soay, but various

visits were made to Dun ahd Boreray, and searches for earth-

s worms made.

During four visits to Dun considerable quantlties of turf
and stones were moved in search of nesting puffins Fratercula
arctica, Manx shearwaters Procellaria puffinus, storm petrels
Hydrobates pelagicus, and Leach's petrels Oceanodroma_ leucorrhoa,
but no earthworms were found. During two visits to Boreray
when turf and stones were moved for the same purpose as before,
earthworms were readily obtainable. A. caliginosa forma typica,
and B. eiseni were found together in the same place around the
stone cells at Cleitean McPhaidein in turf riddled with puffin
burrows, and in the locality of the faint signs of ancient
lazy-~beds. This is the only occaéion on which A, caliginogg
the "acid-intolerant" species, and B. eiseni the "acid-tolerant"
species have been found abundant sharing exactly the same soil
locality (they are both found in moorland soils (Tables VIII

and IX), but not usually together). The situation 1s, however,
exXtraordinary, the soil being very heavily manured by sea-birds,

There are two distinct communities within the isolated
population in Hirta - one in the Village Bay area, and another

in Gleann Mor. They are separated by the high central ridge
of/
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of Hirta from Mullach Mor to Mullach Sgar, the lowest point
of which is the col of Am Blaid about 750 feet above sea-level,
This ridge from the 200 to 300 feet contour upward on both
sldes possesses a shallow peaty soil mantle with much bare

rock and talus, and supports mainly a Festuca ovina, Nardus

stricta, Calluna vulgaris, Erica cinerea, Vaccinium myrtilius
complex with a cotton-grass bog dominated by Eriophorum
augustifolium on the high platform of Mullach Mor (Petch, 1933).

The horizontal distance between the two communitlies 1s about
three~-quarters of a mile, and the actual distance by the col
at Am Blaid, about 1 mile, The ridge is subject to a fairly
high range in moisture conditions, and the manuring by sheep
is too diffuse to cause the type of cluster distribution
characteristic of cattle-grazed moors, Although perhaps
assisted by the cloven hooves, fleece, and manuring of the large:
population of sheep (Boyd, 1953), communications between the
two areas would appear to be very poor, but this was not always

80, It Wé.s the custom of the St., Kildans to keep livestock
at the Gleann Mor shielings and the accidental transference of

earthworms and cocoons in fodder (damp hay, grass, potatoes,

etc.) is highly probable, Turfs cut in the Gleann Mor area

were used as fuel, and were probably a vehicle for transference
in the opposite direction, Now uninhabited, however, there

are no such facilities for earthworm movement in the island.

Table/




Table XIII shows the composition of the community at Village
Bay in May, 1955, as far as it is known. PFrom the two locali-

:ties (i) the manse precincts, and (ii) the meadows and the
village, it is seen that the community has approximately the
same character throughout; the same species being present in
about the same proportions. The frequencies involve mature
worns only, and it should be added that two immatures taken
at Village Bay were successfully identified as D. octaedra,
and other two immatures not successfully identified had

features similar to a mature D. rubida taken there in July,

1952,

Table XIV shows the composition of the Gleann Mor community
with the mean frequencies of the Village Bay community for
comparison. L. rubellus and A. caliginosa, the dominants at
Village Bay, have a much lower frequency in Gleann Mor, and
L. castaneus, a sub-dominant at Village Bay, is dominant in
Gleann Mor. E. rosea and the D. rubida - D. subrubicunda
complex are more common in Gleann Mor, and E. tetraedra together
with B. eiseni found at Gleann Mor have not yet been recorded
from Village Bay. Both are probably present in the latter,

locally and at low frequency. Out of the 110 whole individuals
collected in late July, 1952, only 22, or 20 per cent, were

mature, i.e. possessing a clitellum and a tubercula pubertatis.

In May, 1955, however, out of the 207 whole individuals examined
52.7/
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52.7 per cent were found in this condition. This last figure
is comparable with that obtained in Scalpay, Harris, a week

earlier, where, in a somewhat similar population 49.2 per cent

were found to be mature.

Throughout the transect sampling was carried out by the
wet method (Evans and Guild, 1947), after which the soll and

roots were separated by hand and the remalilning worms extracted.

Groups of three samples were taken - 1l square foot and to a

spade's depth - at intervals of 100 feet. Table XV gives the
data and shows clearly the change in density in passing from
within the perimeter wall of the village to the moorland, and
the increase in density within the walled enclosures in An

Lag Bho'n Tuath to a level comparable to that existing within

the village wall.

The soil within the perimeter wall tops a boulder clay
and gravel deposit in the lower meadows (Wager, 1953), is deep,
comparatively fine grained, and damp. Locally there are
springs and seasonal streams which give rise to local dampness
patterns. Around the village there are old middens, loose
stones, rotting wood, and outcrops of rock all of which cause
local variation in the soil habitat. On the hillside, where
the meadow grasses become mixed with the moorland complex

(Petch, 1933) the soil becomes shallow, course grained, and

Possesses a wide seasonal range in moisture content. Within
the/
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the sheep fanks in An Lag Bho'n Tuath, however, the soil

regains depth, is of moderate grain, and has a range in moisture
content much less than the surrounding moorland. The solid

geology of the transect area shows granophyre at the drift

base (Cockburn, 1935).

Of the two dominant species, A. caliginosa and L. rubellus,

the former appeared to be present at varying frequencies in
all the ecological zones, while the latter, abundant within the

village wall and the walled enclosures was found only as a

trace on the moorland. Had the moorland been grazed by cattle
the freguency of L., rubellus there would have been greatly

1ncreasedo

SUMMARY

le Nine species of earthworm have been recorded from Hirta,
St. Kilda, eight of vhich are new records for the island.
All the species have been previously recorded from the

Outer Hebrides, and from the British mainland., Compari-

:sons are drawn with other Hebridean islands, and the

history of the St. Kilda population is discussed.
2e Two nearly isolated communities within the Hirta population

are described, and differences in the species complexes

examined.

3s/
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A transect involving a group of three samples at twenty
stations at intervals of 100 feet, along a line from the
shore to the moor through the village meadows, is

described. Tﬁe density of the fauna is given for the

various ecologlcal zones.



TABLE I

The species complex of the Lumbricidae in the Hebrides

incorporating all known records.
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