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STUDIES ON TIE ENCHYTRAEIDAE (F MOCRLAND SOILS

(3¢ E. Peachey, B.Sc., Hatfield Collegs)

Summry of thesis

The study began with a dotalled comparison of sampling and
extraction methods during the seasom 1956=1957. Over the whole of the
soason the wat fumnel msthod (_O'Connor 1955) was more efficiont than
- the Nielsen (1952) mothod at extracting enchytraeids from soils cone
taining large amounts of peate Thore was little to choose between the
" two methods for mineral soils, though the Nielsen mothod with relatively
mare effort gave higher yields on thess sollse 1In the periods of ine
creasing density, the Niclsen method increased considersbly in relative
efficiency, extracting a greater nuuber of smaller (younger) worms.

Ths wot funnel mothod wma mere efficient in the extraction of larger

speoles (Megonchyirasus onmd Fridoricia)s The thickness of the =cil core
to be extracted and the Qistribution of the warms in the core were found
to affect extraction off'iciency.

The enchytraeids, in selected sites of the Moor House National
Nature Reserve are ahown to bo important members of the moorland soill
foauna, with maximum densities of noarly 300,000 per m®, represonting a
blomage of 50 ge 1ive weighte Their distribution in time and space was
exsmineds The worms were found to be aggregated and distriduted
mainly 4n tho littor and fermentation layers of the soil, except when
driven deeper by the threat of desiccation ar temperature. The effeot
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of the dry and hot summer of 1955 was ehomn to have profoundly reduced
somo populé.tions,' but e7idence was cbtainzd which roquires the postula~
tion of density dependent control particularly in physically favourable
habitats.
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INTRODUGTION

*I have lain in the soil and oriticised the worn"
Te 8¢ Eliot.

Perhaps thé best knovn enchytracid is the vhiteo worm found in
decayling seawsed or round the dead or decaying roots of garden plants,
ar breeding in porridge or mached potato in a school culture. This ia
the Enchytraeus albidus named by Henle in 4837.

Following Henle other genora and species of worms were desoribed

_from many varied habitatse This work wvas summarised and devoloped by

two workers; Vejlovsky, who published his "Monographie der Enchytraeiden”
in Prague in 1879, and Michaelsen, who publiched "Synopeis dor
Enohytraeiden" in 1889 and-"ougo&taata“ in 1900 These works f'orm the
basis of Ude's key to tho family, published in 1929, (Dahl 1929) whioch is
still useds |

Friend in various papors (1897-192) denoribed and named many new
species and r ecoxds for this oouniry, vhich in the absence of further
colleoting and study, must romain somovhat doubtful, as there is
aifficulty in assessing the status of some of the specics. MNoszylsld
(1930) rew up a species list for differing habitats and Cerncsvitov
(1945) has published records for the Lake Distriot areae '

The ocollection and identification of the worms natwrally led to
studies concerned moro with the eaology of the family. As far back as
41900 Bretscher obaserved that the enchytraeids were found in far greatexr
nunbers than the lumbricidse. This and later work (Jegen 4920,
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Moszyfiski 1930) showed the famlily to be important members of the soil
fauna and other work (Friend 1916, Reynoldson 1939-1948) demonstrated
the impartance of the worms in the breakiown of organic material,
Reynoldson's work being particularly concernsd with the enchytraeids of
wr#ok and sewage beds. |

The next stage in the development of the study of enchytraeids was
facilitated by the extraction mothods developed b& Nielsen (1952) and
0'Comnor (1955) which made possi;ble the quantitative approach of these
workers and the present author, This work is in turn leading to the
review of the taxonomy of the group, using chromosome numbers as a gui_dg,
(Christensen & Nielsen 1955) and the laboratory investigation of eco-
physiological problems, such as respiration and reproduction. Mean= .
while approaching the study from the needs of Soviet piscloulture,
Ivleva (1953a & b) has produced useful information on the biology of
Enchytracus albidusg.. . '

Because wherever moist organic soils have becn sampled (Bretscher
1900, Jegen 1920a, Nielsen 4955a, O'Connor 1957) enchytraeid worms have
been found in large numbers, it was decided to study these worms in
peaty soilse An interesting piece of early work had showm,

"that Marionina (Enchytraeoides) sphagnetorum is to be found in
many moorlands” s & "characteristic member of the alpins fauna of
Ireland. It is almos$ invariably found in the soils of moors and hills
above 500 feet® (Southern 1909). ' '

In this thesis the work is desoribed in four parts, dealing with

«“2 -
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the study area and climto, genoral information on the enchytraeids,
the sampling ana extraoction of the worms and the compilation of tho
sampling data into observations on the quantitative distribution of
moorland Enchytrasidaee
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Fig. 1. The Moor House study area,
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PART I

THE STUDY AREA

The Moor House National Nature Reserve, Westmorland (Grid ref:
NY 73.32) is approached by road and track from Garrigill (near Alston,
Cumberland)s ' The We, S«W. and S. boundarics of the roserve are situated
on Great Dun Poll (2780 £t.), Little Dun Fell (2761 £t.) and Knook Fell
(2604 £%s)s From the fell tops, gensrally covered with poor grassland,
the reperve..slopoa E. to the R. Tees which forms 4ta N. and E.
boundariess This area, on tho N.E. dip slope of the Yordale series of
Carboniferous sandstones, shales and limostones, is covered with blankot
poat (Calluna, Eriophorum, Sphapnum) in various stages of erosion and |
recolondsation, and traversed by many streams running N.E. into the R.
Teose Along the strean gides vhere tho peat cover is thin, or absent,
or occasionally flooded; Nardus, Juncus, Deschampsis, Festuca and
Agrostins are common; |

(1) SAMPIE AREAS

From the study area desaribed 5 sample gites, each 75-4400 n?, were
selectede (Fige 1 & 2)¢ Their location, site characteristics and soll
profiles are further daécribed in Tebles 1=8.

The sample sites may be considered as a transeot from blankot bog
to stream odge, though of course they do not all coms from the sane
trangeot. (Table 1)
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Fig.' 2., Sample site characteristics.
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Tableo 1. Sample sites considored as an 4idealised transcot

Sauple Site Type %omation.

Bare peat eroded blankot peat
(¢alluna moar) | blanket poat |
Jut_xcug. sSquArTOCUR edge of peat
HNordug gragsland mineral soil on |
glluvm.g!aasland . odgo of ptrennm




.~.\‘

, - — Toble 2.

m.mx"e.- ool

\

sonflstons and chale

depoaits

depopita

¢of Yordale : saniptono
limostone and shale

Desorinblon of eample ereas (Pig. 1 & 2, Plates 1-6)
Sample area . Juncus 56 o _{\_1_1_19_1557 Bare Peat Alluvial grasslond . Kardug gracsland
T o '375 8 upstrean from 100 du.x’r;w-.‘or old 125 m S.S:Ee of Nard g 100 m N.JH.W. of Hoor Houso 1000 m upstrean {rom
o -Moar Housoe on Sun Mine waste heaps gite in ocentre of on Be bank of Hops Burn Hoor House on e bank
Locality ¥e bank of Rough Sike en N, glde of road to | Moss Flats cpposito Netherhearth of Rouzh Stk
. C e -- - - e - - —— 4- - ﬂhop _ S -
Elevaticn O D 155 U qges 2075 1800 1975
5lopo Regular slight E.. Regular pontle (9°) Plene - \ Flone Oon;::-ccmave
‘ ¥ ah lteored Be fnolng gheliered - .- E. exposed
m orte o ng e Very exposed Sholtered  footn
Drainage of site Rooeiving site, Recolving pite, somo Normal pite Hormal, site " Horzel su:o,
sun off run :ff : - - occasional floocding
Drainage of eoil - Waté;lségea peat an Waterlogged peat on |Waterlogged peat on  Frooly draincd " Imperfectly drained
freoly drained minoral vory poorly drained very poarly drained minaral eoll winoral soil
soil Eireral soll mineral soll )
Parent mtorial of Alluvium of Yordale Glaotsl end eolifluction|Glasial and solifiuation Occasiorelly active alluvium Seydstone above

Single Pon$ Linostons

Undorlying rock

{all Garbonif eroun)

Tyne Bof:tom Plate

Bane of Tyno Bottonm
iimsutona o bedn
{mrediately below

Altornating beda of

l‘ mnstnnn nh‘alcs ard

sandstone, lying botwesn
Pyno Bottonm and Scay
Lizestones

Sardstone and sghale

oy ey i o~
hu}.u ] '}.T}u L)Ouuw

Lirestones

Sardgone above
4nghe Foat Limsatons






















Table 3. _ The vesetation of the sample areag. (Plates 6-11)

Name of site i Juncus 56 . l - Juncus 57

mb— e — - - — i

: Bate

Dominant . Junous squarrosus
. Abundant - Polytrichum conmune °  Deschampsia flexuosa
;  Deschampsia £loxucsa ' Festuca ovina
' Hardus stricta ' Galium saxatile
. Gallum paxatile . Polytrichum communs
i Potentilla, orcota ; Potentilla erccta
. ! Festuca ovina ; Eriophorum angustifolium
Others ' Agrostis canina : .
. . Junocus effusus )
! Carex echinata !
" Carex nigra
' Exdophorun angustifolium
Thickness of
vegetation 3 oma 3y oMo
zmate ;
|
i
l
!
Name of site Alluvial grassiand ; Nardus grassland
Dominant :  Pestuca ovina ' f Nurdus stricta
: i
: Abundant .. Thymis seroyllus . Galium sommtile
i .
' Nardus stricta i Deschamppia f£lexuosa
|  Hyprum ouprcesiforme | Jumous squarrosus
{ Aprostis tonuls i  Dotentilla orcct
1 Potentilla erecta Aproatis canina
| Galium paxatile Anthoxanthum odoratum
Others i Polytrichium urnigerua Plourozium schreberd
| Equisectum palustre Juncus effusus
. Clrsium arvonse Lugulo campestris
© Trifolium repens Rumex acotosa
Polygala serpyllifolia Polytrichum communse
{ Corastium vulgatum Viola riviniana
Thickness of
vegetation ; 0.5 onme. i 5 om.
|

— a tam

. e e e ——y
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Table

Soil Profile of Juncus 56 _ (Plate 9)

A, L

( 0= 3 om.)

Litter mainly composed of leaves,
leaf bases and rootatock of Junoug
gquarros a‘a‘nd non humified (R 2)*
boundary merging

( 3= & om)

Fermentation layer as above but very -
slightly humified (H 3)
boundary merging _

: ( MQ Olllo)'

' - “gragg type" peat formed in situ:,

(10—80 Mo)

(80 Bﬂo)

B N L

Black, oxidised, stratified,

with sbundant small £ibrous and
fleshy roots, and slightly humified
(r 4)

boundary merging _

Ag above with thin bands of sandy
* alluvium mixod with the peat which
15 brom, loss oxidised and move
hunified (H 5)

boundary oloar ]

Dark grey sandy, cle,yey alluviua
with tabular fragments of ghale

and anb angular bouldeu.

* H is a rolative measure of humification
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Zable 5o Soll Profile of Juncus 57. (Plate 40)

T er T

f"; L ( 0= 3 om.) Litter mainly composed of leavos,
leaf bases and rootstoock of Junous
squarronus and Deschampsis flexuosa

" non hunified (H 2) |
_,." ~ ‘boundary merging
A F "{ 3=b om.)  Fermentation layer as above but very

- slightly humfiod (H 3)
" boundary merging

( 449 é:a-.-_) ‘Black exidised crumbly "grass type"
L poat formed in gitu , with abundant
£ino and small fibroug and fleshy
roots, end well humified (H 6).
bourdary merging

28

(1942 om.) PFeat as ebove, but brown unoxidiced
""" ' less orvumbly, strotified well humifisd
(R 7) vAth Detula twig layer at base,
boundary cleaxr

T e e A e

42 Gy

" (42+67 om.) OGleyed grey - buff waterlogged olayey
SR and sandy plastio soil with meny iron
" mottles and iron encrustations abous
" the fine small roots (incidence of
wottling deoreases with depth) and -

ahgular stones.

iy e Lt i i e LT L

NeBe .

4g horizon ooul.d be oomreaéed to 2«3 om. thioknees.
Water table at bage of profile pit (60 oms aeep).

'wG -







Zeble 6. _Soil Profile of Bare Peat. (Plates % & b)

A B (0= 2 ome) Black well oxidised orumbly “Celluna
| tyre" peat.: Somevhat redistributed
with many twigs, very slightly humified

(1 3)
boundary merging
AgH (248 om.) As above but the peat is plastic and
' - more humified (H 5)
boundary merging
AgB (18 om.) Brown unoxidised stratified “Calluna

type" peat {n situ: with many twigs,
well humified (H 7)

T T RN gL

‘HeBes All layers were waterlogged.

The peat is known 0 extend Yo 2b0 em. depth and is wnderlain by
gleyed, glaolal and solifluaticn, scilss

- 10 =




pm'm of Nexd slopd. (P1 te 41

( 0= 5 cx.) Lttter minly oomowd of very

looaely pacma llv:l.ng o.nd dead h
'horiaontal rhinomas anﬁ baaal aheatha

{ 5= 6 ema) Fermntatmn-ﬁuma 1a.vez;, as abm buﬁ

( 6=40 ctte) Darkbmmoiat sandy loan fluffy
S _azﬂ orumbly with mized hum:s (abm‘k

| % dry weight 1s organic) and cbundent
m £ibrous Foota particulasly in

e £ 2w el i-danRie

s L
,ct' taxrd g
'bounﬂazy mez-ging
AP e B
ﬁecmnz .
'bomauy shm'p and vavy
Ay
upper layers, il 5°0
bmmdary mm'zin.,
B

- (A0-53 eme) 'As above thioigh gonovhat leachod with

—— e t—

comron, prominent £ino to medium 4iron
n_nttnns vith gub-angular stonos and

‘bouldors (derived from underlying (Q)

parent sandstono above Single Post

Linestong)

NBe Ag horizon could bo conpreceed to 3 eme thioknoose

No water in profile pit.

- {4 =
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Tsble 8, _Soil Profile of Alluviel grossland, (Plate 6)

A ' (0~ 7 ome) Dark brown black moist silty and gandy
soil frisble ard crumbly with mixed

humsg (20 ¥ of dry weight is organio)

and gravel fragments of shales

sandstones, ebundant fine fibrous roots

boundary merging

4 (7-26 om.) As above though very stony with stones
ranging from gravel fragments to sub-
angular boulders of sandstons and

limegtones, fraquent £ina rootss

Nde No appreolably developed horigons apaxrt from AQ were found.
No water table in profile pit.

-2 e
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(2) CLIMATE OF STUDY AREA

Data available

Manley (1943) gives estimated monthly temperatures (half maximum
plus half minimum recorded) for the period 1906-1935 for Moor House
based on ten yeara' records and on comparisons with Newton R!.gg (559 £ta)
and Durhan (336 £¢.) over the full period. ‘(Table 9)s His rainfall
estimatos are, however, only based on aix yoara' records and may be
rather low, _ .

Since 1953, however, the Nature Conservancy hes lept full seale
daily meteorological reccrds for Moar Houess and these are referred to
in detail in the present work (Fige 3). Apart from the normal measure-
monts, work has been carried out (Green 1958) on the amount of water
lost by evaporation and transpiration from the surface of the ground.
When the evaporation iz compared to the prooipitation a measuxe is
obtalned of the water balance in the soil (exoluding drainage effects).
This comparison is sometimes expresced as the F/E ratio: where P is
the pracipitation and E the ovapqratiox;. vhere this ratilo _f‘alls below
one, more water is boing lost by evaporation than gained by precipitation.

At Moor House, the Nature Oonservancy have cbtalned the potontial |
svapo~trangportation ratea by two mothods:

(1) ocomputing by a slight modiﬂcation of Crowe's method (1-*13° 3)e
(This is an improvoment on Thamwaite's method 1957.)

(2) obeerving by using a percolation gauge (evapo-tranapiromete&)'
from 1957 owsmrds (rig. 3).

It is also possible to msasure the amount of aotual cvaporati.on

e} -
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M el S e

inches

— ObSErved
_____ computed potential evaporation

] ]
56

157 158
101 E
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ed —J - .
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2 1/ ~S
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Fig. 3. Rainfall and Evaporation, monthly averages,
: from Nature Conservancy records.



from run off data ocbtained from a known catohment-arcas The amount of
“vater lost by evaparation and transpiration is the defioit betwcen raine
fall axd run offs  Data of this kind has been collected at. Moor House

' (Greon 1958) and the .a§tua1 evaporation rates are comparable with the
observed and computed. pétential evaporét&on raﬁes-obtained- as desoribed
above. . There are of course errors inherent in the @e of these . . "
teohniques, for exauple, enow fall end drifting make estimtions : -
aifficulte Lo

Oldre - Genor
| Table 9 demnstrates, by annual astimatas, ithe coldor and wattar
. oonditions axperianoed at Eocr Housa vhen eompared wtth lowland statlons.

ahla 9. _ Average daily temnoratures and annual rainfall
o gt Moor ngse and two lowland ﬂgttati.ona

(?f.o“; ~a ; '*_,;_., - |
?3??% S w B

1r évaporaﬂon rates are h\oluﬁ.e.d- in tha comparison of uoor Houaé
with lcwla.nd sites then it becomes obvi.oua that in the formor area about
threo tin0s aa much water s gained by tho soil from the atmosphere
(Table 10)s Huch of this will ef course be lost in run-off but the
general 'wétmas' is ?eﬁect;d in the extensive pe& bogs, developed |

.1!.-



whereaver topographical considerations permitted.

Tgble 10. _ Averare annual rainfall gnd potential _ ova oration
for Moar Houge (1640 £t.) and Doncaster (25 £te A

- e = -

Potential P/E

Statlon | Amual Rainfall. ', | 0
(P) B nvaporatian L) , ' ‘
Moo House 70 } 487 | '
| b .
Donoaster ! 25 ‘ 17+6 " qe3 |

I wo 0dd to this the almost over present moorland breeze, the low
sunshine (3«4 hours daily) and low oloud (6°5 otkes daily) with 80 days
of snow, ovor 150 days of frost and a moximum temperature (ever recorded
in the last 4 years) of 76°F we get some idea of the "aub arctio" oon~
aitions in the Northorn Pernines. Manley (1943) has sald that the
olimate is approximately equal to that of Scuthern Iceland at sea level.

Seaponal vardation in olimts
The apnual values for olimatio facotors axre useful in the broed

asseasuont of local conditions but it 4o nccospary to oconsider monlhly
and often wookly or daily changes to pget some idea of seasonal olimatio
variation vhen considering its effoot on living orgoniams,

hbl& 11 gives Manley's estimnted monthly air temperature (“°F)
and the deviations from them far 1955+1957. Manley's rainfall estimates
(which are subject to & 10 ¥ exror) and the ariginal Mocr House potential
evaporation computations (although not aoourate) are given in Table 12
to give a Tough indication of conditions.

-15-_



) with

bemperatures at

calculated b

comp
t

ormyaite's mathod

Juna

b ke B d Rl
.

Jane Febe ‘Maxre May
r 33.0 | 32,6 | 3het | 38.0 | M7 | 494
1955 - 2‘08 - 709 - 5.9 + 305 - 307 - q -7
1956 - 107 - 709 » 108 e 1-8 L 2 0.1 - 49
1957 * 21 [« 05 [+ T3 [+13 {012 ] ¢ 03

July Aug, Septe | Octe Nove Doo. ;Ienr
7 52,8 | 52,3 | 48e3 | 42.2 | 36.h | 3349 || b5
1955 428 | 425 [+1.7 |=08 |4 40| +1.8 | =046
1955 w 0,2 - lhs +* 203 L °o9 - 007 L 3.2 - 007
1957 + 06 | = _0.6 [= 2k je 23 |+ 13| + 0 + 0.9
Table 12. _ Egtimated averame monthly rainfall gpz at Hoor House
¥enloy 1 o.red to comnutod monthly evaporation rates (E

using Th

K Feb, | Mare | Apwe | May
P (ins.) 65 | 660 | 5.7 | 5.0 | 37 | 4.0
B (1ns.) 0t | O 05 | 1.2 | 25 340 |
July | Auge | Sept. | Oot. | Nove | Dece |  Yeas|
P (ins.) 6.0 740 beb 75 | 65 | 8e5 70
B (1na.) 3.7 363 | 26b 135 0.5 0.5 | 187

It seons then that June to Se'ptombe:; are the warmest months but
that only Juns, or about that time, is thmatened with eonditions
approaching drying out of the soll.

w il »

This may be oowpared with Doncaster




where from April to September evaporation generally execeeds rainfall
(B/B <1). .

When these average oond:ltioﬁé érg .compared with the olimate
experdenced during the study period (1955-58) the following deviations
from average may be notedi= . - Lo

© 1955, an exceptionally hot and: dry July and August with B/E <4
- the goll was very dry and ! ebérva—tiona made at the time
. chowed the peat to be dry and dusty in many placos;. . '

a uild November and mild, very wot, Decembers.

1956, a oool- and very wet Augupte °

19561957, a mld winters

195?,. a dry June vtt_.h'.P/B <1e

I

L . .-17’-.‘ |



PART IX
" YHE BIOLOGY OF ENCHYTRAFXDAE

Soms of the general tni‘ormation. coileoted.i_n this study, from
observations on living spscimens and from the literature. is described
heree In thia connootion the suthor feols indebted to Btephenscm's
Oligochacta publi.shed ir 1930 and now out of print. _

The Enchytraeidae are a tam:l.ly of microdril oligochacte worms,
remarkably simllar to the lumbricids, from their external ctmracteril-
tics, excopt far their size, being rarely more than '3 ome long and
ugually much smallexrs ~ The enohytraeiaa are oonsidered to be more
primitive than tho earthworms (Christensen & Niclsen 1955). In some
ways they are difficult €o study enatomically, because of the pree
doninance of immature forms and the ebgence of hardened parts, or clear
stages in their &avelopnt. | This has lod to a certain confusion about
taxononical divisions end the atuﬂy of apeoi.ea from a relatively un=
worked arca has tended ¢ a..cen‘&..ate sous of thess éif‘fieua.%ies. ESue
aver Ude's key to the family (Dehl 1929) and other sourdes have made it
possible to recognise the gonoral anatomy and the broad taxonomic

_divislons.

The micros¢opdc examination of worms mounted in water under a
goveralip has mafe 4% possible to propare the following deseriptions
except where other sourcos are aclmowledgeds '

(1) CENERAL ANATOMICAL DESCRIPTION |
The gotee are single pointod and straight or siguoid, arranged in
four bundles per sogmonte. ‘ _ | |
‘The ooelfomio cavity, traverscd by aegnentaily armr‘zged Beptes,
-i8 = ’



Eriamns

- 4p packed with discoid corpuscles and, in tho gencrative sogments,
. gex ccllg ani groparine parasitege These coolomic contents move forw

ward and backward with the movement of the animal,

The nophridig are paimdl sogmentally arranged excrotory organs,
each consisting of a nephrostome, or oiliated colleoting funnel,
pituated antessptally in the coclomic cavity and leading into a flame=

1ike ciliated tubes This nephridial tube, loosely coiled and embedded

in interstitial tlssue, farms the post~sental body of the nephridium
and subseguently leads to the exterior at the pephridionors.
The glimentary cansl 4s eimple, the cesophapus leading into the

intestine in segment 7, the latter forming the greater part of the canal,

At the anterior end, howeover, thero is an oxtruseble pharyngeal plate,

well supplied with musoles and evidently uged for exploratary purposes
{Stephenson 1930)s Paired geptal poucheg are also conspicuocus at the
anteriocr ond. ‘

The blood systom consisots essentially of a dorsal vesszcl which is

=t}

contractile and coliacting in funotién, and may have local enlarpements

1% arises froa the alimentary einug in the anterior region and leads
forward, connecting by commisural vesscls (Stephenson 1930) with the
pbsteriorly directed ventral vessel, whioh is non-contractile end

Gistributing.

The blood can be colourless, red or yellow, as recognised from the

colour of the worme

The nervous gystem conslsts of a dorsally situated brain or bilobed

gorebral ganflicn leading by & pair of oesophagenl comootives to the

-19-
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yentral nerve cord, vhich is segmentally swollen into ganglionis ;

enlargementa.
The reproductive system is wore diffioult to.cbserves Tho worma

are hermaphrodite, testes and gvaries situated in segments 11 and 12
rospoctively but these wers not acen. Oocytep are dtsohm."_ged into the
coclome The gperm funnels which colleot the male sex products from

the coelom, or in some species from geminal vosicles, are attached

" anteseptally on the septum between segments 11 and 12; they are

oiliated and contractile and comnect via the much-coiled vasa deferentia

with ttie.protrusable pencg in segment 12, ' The colitellum, & secondary
sexual character, is formed by the glanduler thickening of the body eall -
on, or near, the reproductive sogmenta in mature or semi-msture wormse
In the genus Enchytracoideg these organs are moved farvard to scoguents

8 and 9. The gpermathecaq situated in segment 5 are divided into

ampulle, diverticula whore present and gpermathecal duet which conneots
with tho exterior between segmenfu bamd 5. The spermathecas may be

‘attached to the gute o

(2) DESCRYPTION CF SPECIES FOUND O THR BOOR HOUSE RESERVE
Enchytrasoldes sphagnotorun (Ve.,a.)
A vhitish coloured worm often tinged wtth yauaw, thread ukn ana

* rarely more than 10 mm. long.

Staes oiguold, 3-5 per bundle (Fige 4).

tegt flattenod and pointed (Fige 5). |
Nephridlas nephridial conol enclosed in mich interstitial tissue with .
smll antescptal rogion and lorpe postseptal body (Pige 6).

.20 -



Enobytraeoides
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Pridericia

Mesenochytrae u.s

Fig. 4. Sétae'of Moor House enchytraeids.
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Moaenéhybraous and Fridericia

._'_E'n'..cbytz-aeoides

Fig.5. Lymphocytes of Moor House enchytraeids.
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Enchytrae

Me_sen'cbytra_ous

' Fig.s. Nephridial types in Moor House enchytréeids.
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Oesophaguss merges gradually into the gut in the 7th segment.
Soptal pouchog: genorally 5 pairse

Blood:s yellowish. Darsal vessel: eaxrises post-ontenw
Braini deeply bilobod, longer than brosd (Fige 7)e
Spermathecass mo diverticula, awpulla long and pear shapeds
Sperm funnolg: not seen in dotail.

Qlitellum: ag_g;nents 8 and 9.

Bnchytracoides sp. (separé.ted off from E. gp_hggpeﬁomm by Be Ohﬁstmen.) -
A smll worm below 5 mn. in length, with ebout 25 sogments,

considered in this investigation along with E. sphagnetorum.

Setaes highly eigmoid end with nodules.

Spermathecae: not commeoted to oesophaguse

Sperm funnelg: distinotly funnel shaped,

Hegenchytrasug

A distinctly reddish ooloured worm, thicker then Enchytracoides, up

' %0 15 mms longe {The larger specimens oould be identified hy the naied

¢ye and 80 were oconsidered separately in the quantitative worke Om ine
apection these were always found to ba mture o semiemature.)
Setoer sigmoid, 4=6 per bundle (Fig. 4)e

lymphooytes: elliptical but not pointed (Fige 5)e

Nophridia: nephridial tube distinot, not enclosed in mch interstitial
tissus, with vory small anteseptal portion (Pige 6).

Qesophagugt merges gradually into the gute

Bloads rede ' Dorsal vesselt with local enlargements, arises in 13th «
sogoont from the alimentary sinus (Fige 8)e

.-21-
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Fig.8. Clitellar region of Mesenchytraeus ~-7 ~7°~.




Braint hinder end concave, as long as broad.

Spermathecaes no diverticula, receptacie tube shaped, with inverse

pear shaped ampulla, extonding posteriorly to the 10th segment (Fige 9)e.
Spera funnelst twice as long as broad, in segment 12 (Fige. 8)e

Penim mesenchytracine type - with ecpulatory and acoessary glands
(Pige 8)e ' -

Clitellum: 4n segments 1113 (Fige 8)._

Mogenchytraeus 'B*

A large yellowigh worm up to 20 mme long = the colour distinguishos
it from Friderioia with which it wmight be confuaedo_ |
Setaes sigmoid 6«9 per bundle (Fige &) |
Iyuphooytest elliptical but mot polated, coloured yeilow (Fige 5)e
Rephridias nephridial tube distinot, not enclosed in muwch interstitial

ticsue, very small anteseptal portion (Fige 6)e

Qesophacugs merges gradually into the gute

Blodds yellcwe .-

Dordal Vessolt arises post olitéllﬁally.

Braing hinder end conoava.

Spermathecags with inversely pear shaped ampullae
Sperm funnelgs three timea—#s long as broade
Qlitellum 4n region of sogment 12 |

Ixdericla megna (Friend) |
A large end conspicuous white worm up to 32 mm. lang. (The larger |
specimons oould be separated off by the naked eye and 8o were oconsidered
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goparately in the quantitative wprk.)

Setnos  straight arranged in pairs of varying length (Fige &)«
Lymphooytes:t less transparent than the other species.

Dorsal porest present and conspicuocuse

Nephridia:s nephridinl canal e.nolqsed' in much 1nte'rst1ti..'a_1 t'hsuo, with
small anteseptal, and large post septal, body (Fige 6)e |
Oesophaguss merges gradually into the gut.

Pepto-nephridias should be present but not seens

Bloods colourless.

Dorsal vesselt arises post-clitollially.

Spermathecaes with two divertioula anmd 'U' shaped ampulla.

Penigs lumbricilline type = simplo with no prominent glandse
Qlitellum: 4in region of segment 12.

( 5_) THE QUALITATIVE DISTRIBUTIGN OF EiCHYTRAKIDAE

Enchytraoids 1ive 4in a wido and intercubiug runge of habitats, in
decaying orpanis matter of almant cvory Mind =hu~ur_ r_s:r-,%ﬁ;i nompont
seawsed, rotting wood end sevage sludge. The soll dwelling enchytraeids
are porhaps tho most widsspread, though leass oonspicuous than other forms,
wiich ney explain their negleot until recent yearss

Table 13 shows the dominance of Enchytraeoides at Moor House, with
Nesonchytraeus specifio to habitats on or at the edge of the peat = the
Junoug and Nardug sites. Fridericila which was the dominant genus found

by Nielsen in the sandy Danish soils, is only present in the alluvial
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goils at Moor Housee The proferences shown by those different species
ogree with the £indings of Mosgyficki (1930), Niclsen (1955a) and

o'Connor (1957)e

Table 1}0

P

Species 1list of enchytraeids provisionally identified

in the present invostipation, with approximate percentage

composition (by number), from hobitats within

Species compoatﬂm-

the Mocr House roserve

Habitat

Enchytracoides spse 90 % Wrosug dominant sites
' 100 %  Bare poat |
, 100-% Calluna moor and asasociated
Gonminant
¥ Sphagnua and Eriophorum dominent
speoies ercas
on 98 % Nardug grassland
these T B é Alluvial groselend
arens . - Hoap ecorpets on waterfalls
Yosenchytracug 0% Juneus squarrosug dominant sites
oco Hordug grassiand '
Yogenchytraeus "B - - oeo Juncug squarrosus douinant sites
2%  Kerfus grasslend
s Moss carpets on waterfalls
Ixideriota e %5 %  Alluwicl grasslond and cheep
droppings
" APFENDIX . mmcus CBSERVATIONS FROM OTHER AREAS

BISHOP'S PARK, BISHCP AUCKLAND, CO. DURHAM
Eriderioia perrieri in ‘horse dung.

)



© GLOSSOP, DERBYSHIRE e
- Enchytracoides in Eriophorun éeat. S
' CONNEMARA, COe GCALWAY, EIRE®®
Enchvtraeoidq_g and Mesenchytraeug 7?7 in Molin!.a, S_p_tg_xw. Eﬂm
and Calluna peat and bog, near blu'aen. S

Enchytracus albidug (Henle) 4n a bank of sea washed peat at
- Btreamstovn Bay, Clifdem.

DURHAM CO. SCHOOL CF AGRICULTURE, HOUGHALL, DUREAM. :
Enchytraeus albidus in diM chrysan‘bhemm stools sent in for
examinaticne o

¢ information obtadned from an expedition organised by the Durham
Un:lverﬁity Exploration Scoiety {Peachay 1955)«

Nde In addition to the above records many speoimons of E_r}_ggs_'_i_gg]hsva_
been recorded from lowland soils and leof litter.

(b) E REFRODUCTIVE BIOLGY OF THE ENCHYTRAKIDAR

' The enchytrasids are hermaphredite, up %o 35 cgga (Ivieva 195%b)
Ay be 1laid Ain a single coccan. The cocoons are small and difficult to
ses, unless deposited i.n culture against o glass slide {Christensem 1957) .
In the precent study, a search for cocoons' in goil samples has not becn
sucessfule It has boen reported by Christensen & Nielsen (1955) that
the eggs of Enchytracoides develop p&themgemti@ly. This is

_euggested by the high chromosomo mumber (2n = 180 « 200)e  Recently
Chriatensen (pers. comm.) ima suggested that E. sphapnotorun (the dominant
specles found at Mooy ﬁguae) "reproduces exclusively by fragmentation,
followed by complete rogoneration, the eggs laid by the excoptional mature
vorus do not develop". If this is trus, then ths absonos of mature

- 25 -



Enchytraecolides in over 250,000 worms examined.(only a few semi-mature
forns wore found) is not surprising. Mature Pridoricia and
yesenchytraeus were, in proportion to t;xe iamature forms, freguently
found, the former in the summ_r'mnths,-.the latter all the ypar,.but
particularly in the colder monfhs. |

(5)m30mmmmmmsmm:m.:

¥any workers have reportcd the worms to be Humus formers (Friend
1916, Jegen 1920b, Nielsen 19552)s Schaerffenberg (1950) reports that
300 of the vorms will take 3 montha to eat 3 g of maple leaf, but that
their densities in soll may enable them to exceed ea-rthw&rms as humus
formers (this polnt s discussed in IVi 8)e The presené author has
noted the finsly divided excreta expolled fron the worms, while being
stored in water. Definition of the torn 'hunis former' mist, however,
await further worke | o

(6) ENCHYTRAEIDS AND OTHMER ORGANISMS

In the coelom of the emtwtr&eids. espee;e._llv .!. ear the rereéus*iﬂ'
segments, gx'egannea'(ﬂonooysti&oa) have beon found. Giliates and
mmtoﬁeéwereoommmhth.g\. -

Nielsen (1955a) mentions Schendyla nemcranaig a8 a predatm' of
enolwtraeid wornse  The present writer obaarved mbutantlal numbewa of
enchytracid getae in the gut of the tipulid larva MM
. following starage in the sams vessel after éxtrmt;bn fron the same soil



Schaerffonberg and Tondl (1951) maintain that eachytraeids form
a signifioant countorweight against the inorease in numbors of plant
parasitic nomatodos. The enchytraeids are probably indicative of good
agricultural practice. |




PART III
SAMPLING AND EXTRACTION METHODS

(1) COLIECTION CF GOIL CORES 1956-57

Soil oores, each 7.3 om. diametler and 42 cw® area and 5-6 ome
doep wore taken, using a sampler (Fig. 10) consisting of a brass
oylinder (A) 25 cme high, 81 om. intorhal diamoter with a removable
rod handle (fitting into B) and a fitted steel cutting edge (C)e’ The
cutting edpe forms a ledge within the cylinder on which rests an
inserted aluminium sample container (D) 7+7 cm. intermal diameter. As
the sampleris pressed into the ground, the soil core is pushed directly
. into the.conteiner, which is then withirawn and enslosed in a polythens
bage

The soil cores aro therefore Ispt moist and compact and can easily
be withdrawn for oxtraction. Fifteon pairs of ao_&l owres ware taksn av
randon over- the sample erea o '

COLIECTION CF 80IL CORES 1957-1958

- It was later decided to usc a sualler sample size. A esmanller
panpler was mde, slmllar to the ons previously described with a-ocutting
edge of diametor 3¢5 om. and area 10 cu®s ' The soil eore was pushed
directly into a-aw (He%ﬂ'ﬁcx &) aluminium tin, b_o} ‘cme diameter
and 7 oms depth, which could easily be insarted in the sampler, open end
dowawards. _ S ‘

Banples were collected from the Junoug 57 site in & stratified randca

.-28u'



' Fig. 10. The soil sampler,
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(2) EXTRACTION MSIFIODS®

The hand sorting or mochanical extraction of soil cores dry, in
water or mgnesium sulphate solution is inefficient and time consuming
(Nielsen 1952), and it 15 necessery to. consider methods vhich repel or
attract the onimls in such a way that tho great majority of them are
recoverable in good condition. - Por this to ooéur it is desirable to
avoid heat paralysis (prolonged exposure to tcmperatures aver 25-30 ‘o)
and desiccation, although heat and drying. are the basio repellant
stinuld for many extraction mothods. Drying out is an even more serious
threat to ennhytraei.da. than heat so that its use has never been
exploiteds Overgaard (alias Nielscn) (1947) used modificd Baecrmann
funnols for the extraction of nematodes and rotifers from soil and mosse
Tho .eoil sample was submorged in a fuanel f£illed with water and heat
was applied fron above, tho animals moving awa& from heat and sinking
through the water to the fuanol base. Nielsen (1952) and 0'Connar
(1955) developed this mothod for onchytraeids but Nielsen (1952) found
that the presence of water induceg ths wores $o move wwards - God=
flioting with the dowmward heat atimlua. Nielsen (1952) also found
that waterlogging made zoms aaila hisavy aﬁu eticky, impeding tha passage |
of the wornse : He therefore developea a new method (Nielaen 1952)
h:volving the application of heat and water from below, the woras belng
driven upwarda into cooled moist vraval R from w.h*..h t.‘w' are easﬂ;y‘ o=
Morableo | '

Milns ot al (1958) have devolopcd & hot vater mothod far tho
extraction of tipulids from turvese In prtnoiple it resembles the
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Higlsen method.

‘fhe Nielsen and wot funnel methods have been compared by Nielsen
(1952) who found his own method to be more effioient on a Brachypodium
grassland 4n Oxfordshire and Q'Comncr (1955) who found the wot furmel
pothod more efficlient on a goniferous forest soil in North Wales.

Both workers (0'Connor 1958) have recently made a comparicon of their
ovn mothods on a Danigh permanent pasture and found no significant
difference between the two methods. _ _

Because of these findings it was decided to compare those two
sothods throughout the sampling year 1956~1957 on four eample areas,
using paired soil cores. (In the desoription of the extraction methods
which follows it will be noticed that the dogree of heating used was
highor than that described by Nielsen and 0'Connore This was because
the majority of the pamples were from peat which has a lower thermal
eonductivity than mincral soil and go required stronger heating.)

(3) THE NIELSEN METHOD
| w0 sets of apparatus, to take in all thirty eoll cores, wore made,

based in detail on the desoription given by Nielsen (1952), (Fige 44)e
The extraotion tokes place in speolally made glazed eerthemmre

eylindera (A) 14+5 om. high, internsl measure and 7+5 om. internal

dlamoters . At the base of the cylinder is a hole (B) and ¢hs bottom

3 0m of the cylinder are filled with suall stones (C) over which a

perrmted gino gauze (D) 4s kept in position by Plaster of Parls (B).

The sedl oare (P) is placed in its natural vertical position cn the ledge
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The Nielsen extractor,

- Fige 11,
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formed by the Plaster of Paris, leaving an air gap between the soil
core and the zinsc geuze. L

Fifteen cylinders are arranged in rows of 3, in an electrically . .
heated und controlled water bath, roceiving uniform heatinge . The
water lovel (G), adjusted to the level of the zinoc gauze is prevented
from accidentany rising by an overflow.pipe. .

On top of the samplo is placed moiat washed £ine gravel (>3 1n.)
(H) in vhich 43 embedded, about 1 cme. from the top of the oylinder, a
cooling eoil (I) made from copper tube, through which water circulates
fo keep the gravel cool. The ocooling coils have detachable rubbor
connsotions to facllitate dismantling. ,

At fha end of the extraction the gravel and the cooling coil é:_.'e
placed in a deep-sided dish and the worms are washed ouﬁ by manually .
rotating the water within the dighe The animals, belng lighter, . -
separate from the gravel and can therofore be decanted.

The water baths are so controlled that they reach a temperature
& 6§0°C.after two howrs and a naximum of 90°C, after ihree hours
(although the temperature may 'be ratsed further towards the end of the
extraotion 4f required). The oocoling system is turned cn vhen the
tenpeiature in the top 1 cm. of the sample has reachec"l' 20°C. The
heating is continued until the temperature in the top om. of the soil
core has been maintodned at, or abo G0, 3540"C. for at least cus hour..
By this time, usually t'our to five hours af'ter the ntax-t all the worm
wul either have moved into tho gravel ar will have died under '
extraot!.on oonditiom. The cooltng waten 48 next tumed off anﬁ the

c
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temperature at the level of the cooling ocoil allowed to rise from about
15°Ce to0 22°C., which further concentrates the worms at the top of the
gravel before dismantlinge Fige 12 shows the course of heating at"
various depths in the extraction oylinder, the temoeratum records boins
obtained by thcrmooouple masuremants. These ahow how 1mportant the
cooli.ng ‘eoil is 4n keaping the top part of the gravel at a consiatently
low tempemture. Bocause of thi.s the graval i.s kept miat as well as
cool by condensation of tha wator vapour and the extraoted worms are
protected from heat paralysis and desiocation. Nielaeu (1952) maine
tains that during the courae of heating a gra.dient ai' mistm-e 15 eatab-
14shed ap the steam trom the water ba.th oondennos na it roanhal the

golder soll cores

. (b) THE VET FUNNEL HKTHOD

4 full scele battery of 30 extraction unlts wms-: built wwding to
the dimensions given by O'Connar (1955) (Fige 13)e .-

Polythons fumnels (4), 11 om. diametor are used resting in a 9 onm.
dlamoter hole in an asbestos board (B)s A brass gauzo sieve (), 9 ome

Vaew o

in diamster (with 20 meghes/in.) f£ite into the fumnel at a depth %o
corrospond. to the level of tho asbestos bcard (B)e The tube of each
funnel 48 olosed by a sorew olip.on a.pisce of rubber tube (D). . The

- funnels are filled with water to the top (E) and the sample (F) sube
. merged on the sieve (0) -

The heat source for each fumnol is a €0 watt electric 1ight buldb
(e) enclosed in a shade (H), 11 om. dlameter, and 18 ome high, with the
botton edge eplayed out amd 05 ome (X) above the top of tho fumnel.
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Pig. 13, The wet funnel extractor.



The elootric lights are wired in parallel and controlled rhooatatically.
For ¢onveniencs the heating units aro dotachoble from the rost of the
. apparatuse -
At the end of the ozxtraction the funnols are allowed to cool, the
‘sorow olip (D) 4s undono and sbout 90.mle of water arve drawn off with
the wornae | |
The initial temperature of thc water in the funncls 4s in the
range 13-15"Cs, and the top of tho submerged sample (E) is rodsed %o 50
&%Lronmtely 3% hourg vhen heating 46 dlacontinvede By this $ime the
botton of the sample will have slowly reached 45°Ce and the worms will
either have boen driven through tho siove or have dled undor extracticn
| ooxxltttoms.. Therzocouple measurcments were taken o show the mmems
grodiont (Fige 45)e
Prooautions wore taken to avold cooling at tho edge (I) and the |
oousequsnt entabuahm'ni of a lateral gredionte XIn preliminary exporie
sonts & 5°0. drop from cantro to periphory of the sample was noted axx!
worms hed gvidantly wvea mﬁ.army end apmm'od to be trappea round
the oirouferonce.  Tho gop (I) between the furncl and the chade was
 therofare hept marrom, ond dmughtn avoi&ed by building a shisld round

/

the ontiro appamtus.
Both eu:tmottona were oarried out at & room tamaomtm batween '

15°0s and 20"0,, or as hoar as possible to this range. '

(5) MISCKLLARECUS TECHNIQUES
(1) Zrcatmont of goi) cores

All s0Al cores were extracted within 72 hours of cclloctions
During ptorage thay were kept ab 45°Ce  Varms from wet soll cores
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tended to move out on to the internal surface of the polythens baéé and’
eample ocontainers, these were recovered by rinsing and were added to
the extraotion material. ,

One of each pair of samplos was extracted by tho Nielsen method,
the other by the wet fumel method. - Soil cores were usually divided
{nto horisontal layers before extraction on account of their bulk.

(2) 'I‘reatment of extractcd material _ 5
Aﬂ:er extraction the vorns were stored 1n tap mter at 0=5"C., o.nﬂ

aubaequently counted alive 1n mter against a blaok background with .
strong lateral ﬂluminatione An electric coumar, ctandardised a.t
tntervala, was uaed to reccrd the numbers.

' other organiens extracted by these methods included tipulid larvae,
ohironomid and othexf dipt_erogs lg.fvae &8 woll as planaria and othor solle
dwelling animala. .The t%pul;iﬁ fg.aﬁae will hé_ the subject of a agpa;gfe_

peporte

(5) Heiphing technique

Prior to weighing, the worms were stored in olean water until thelr _
gut contonts had cleareds They wore then washed in several changes of
vater and weighed after dfaini.ng in 5 batches of randomly seleoted worms
(usually 200 worms per batch). 'l‘he excess vater was easily reunoved, a3
the worms tend o form a ball undor these oonaitions v.nhioh can be trang-

forred to a coverslip for weighing after 'blotting' with £iltor papexre

(6) COMPARISON (¥ EXTRACTION METHODS - RESULIS .

Proiim__n_a_g comparisons
During April-May 1956 a preliminary comparison (Table 44) showed

“.5-31;'- .
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Table 1be _ Comparison of extraction methods on soid ‘cores {each
§g o) taken in sots of throe (gseo text) April-h 1

Colum M @ e | (W (1) (2)
' | - - with (3) | ‘with (2) °| with (3)
o | Mean number pe per sofl core o
Samples “Whole Divided BPivided
Method - . Rielsén Nielsen ! wot | ‘&0 .| - w0 | g
Junous 56 283 | 387 | 526 || 732 | 30190 | 5e7hoe
" Bave peat % |- 50 (- 5% 2:40% | 4463 | 013
ity 3O M6 | M 180 | 3060 | 160
- 5 |19 33 | 7e07*% | hegtee | 2493°
| dunoug 56 | o

® P<0s05. - ** P<0Q.01 (14 degrocs of Freedon)

that estimates from whole soll cores extraoted by the Fielsen method
(Column 4) wers significantly lower than the wet fuancl estimates

(Colum 3) on Juncus gyuarrosus and Bare peat arcase Tha Nielsen

sothod showed a considorable incrcase in efficiency when the soil core
thiockness was reduced by division (Columns 1 and 2)e When both methods
were compared on divided soil cores (Colums 2 and 3) the difforenses in
estimates were much less, only being significant for ‘the Junous |
Jouarrosus areas | | | |

By using the smaller samplo size (10 ow®) it was possible 4n
Hovember 4957 to compare both methods using whole samples on a Junous
guarrosus areas The mean value for the wet funnol methods was .
sgnificantly highor- (Table 15)e | |
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Table 15. _The comparison of extraction mothods on paired
goil cores (each 10 cw’ and cxtrocted whole) taken

- Lfrom a Jungus aquarrosus area, Novembex 1957.

0 . Hean nmr;;x'_ pe—r —soi.l ocre Significance|..
(thousandq/m") |
Nielsen mothod 92 ' ¢ a 436
i w | rcom

Comparisons throuchout 19561

Tablos 16-20 give the mean number of worms as extracted by both
methods £rom paired coil cores. In Figa. 15, 16 and 17 those meen
values are expressed in terms of relative efficiency of the Niclsen .
msthods Relative officiency is given by the ratios

Mean Nielsen estimnte £ 100
Mean wet funnol estimate '
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Tablo 16.  The comarison of extraction mothods on paired soil
ores { each 2 c tolen from the Juncua 56 area 195 221

’Date;f : mltl-ean number por 30;1 “——: 1 S:I.gnlfioame -
pampling : core P L '
TaBe2 - 220 351 . || 5.7k 0+001
143 %0 |- 528 | 57k 0+001
2o 387 528 - 3433 0+04
1206 - ool Wb 51 | 2020 005
17 v |- 508 | - 530 | 0e52 0¢70
7 - | 0 67 093 | 0o
o B R [ e
1249 1 - 786 ' 4039 2425 0+05
10410 664 83k 366 | 0.1
1200 565 669 i;:gg (108) | {005
42 | b2 636 S be33 0001
304 487 561 3017 | 009
b3 w2 | s (278 1002 | {0v08
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Tabie Tho comparison of extragtion mothods on Qgire
. -goil cores {onoh b2 om?) taken from - - -

the Bare peat area 1225:1221

" Date of Mean number per an .' slignu'ioa'noé” B
o | Wielsen | Wet fumel
| methed | mothed A

- 23,.5_ _ 3‘6. , 51 | 2,_33 0405 1
} 22+8 e - 203 o_fl;z" 0+70 |
; 2549 116 154 '1_-5.8' 0.0
| e & . | w7 20k o0
| 1343 56 98 ! aesp | 0e0t

- | -

Table 48. _The comparison of extraction method s on pa g

goil cores (each 42 om?) taken friom
Alluvial grassland 4 ,’25-422'1. .

Dato of Meon number per sofil stmifim
sazpling . ews S

T 2305 34 b4 180 | 0.10

. 308 104 89 || 23| 030
2410 124 98 3026 | 0°01

I, 1049 113 122 0+80 | 050

i'l be12 - 89 - 110 249 | 005 |
L 62 |0 104 S| 251 | 0405

| | .

-
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Table 419  The comparison of extraoction mothods on paired
goil cores (each 42 om?) talen from '
Nardug grassland 1956=-1957e

Date of Mean number per soil Significancs

sanmpling care
Nielpen | Vet fumel v | P (.
msthod mothod :

) 143 88 155 3440 | 0.31
546 8 51 2034 | 0405
317 | 22k 138 346 | 0001
549 239 192 | 2024 | 0005
1810 | 397 405 0e31 | 0¢80
27414 403 362 1206 | 040"
12:2 W7 312 beh2 | 04001
ok b7 58 . | ot | 070
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Table 20e The comparison of extraction methode (far

Mesgsn
20m) t

acus only) on paired soll cores (each

aken from the Ju

noug 56 arca 1

5 9561957«

D—a_t-e" uf Hean number per soil Signg.fi_;ame——

sampling . core - e
| Nieclsen .v-lat funngl

nethod - . method . : ¢ P <

the3 12 2 2.52 | 0:02 .
Dol 20 33 2.95 | 0.02
12:6 12 32 389 | 0.01
17 18 30 2445 | 0005
2507 10 47 3022 | 0.01
948 12 23 1476 | 0°20
129 22 57 2013 | 0410
1010 pY2 23 2:75 | 0.02

12041 19 25 1089 | 0410
M2 | 12 21 1,99 | 0410

3001 12 e 547 | 0.01.
he3 16 21 1417 _" 0,30
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(a) Overall differences in rolative efficioncy

The wet funnel estimates for Juncus and bare peat areas (Table
21, Figse 15 & 16) were gonerally highor than the Nielsen eotimatese
There was less‘ consistent difference betwesn the methods on grassland

areas, though the Nielsen method gave higher value for the Nardus area.

le 21. The overall relative effiolensy of the Nielsen
pothod 195 ) ¢ funnel esgtimntos e 007.

\ T ‘Relative efficiency of |
Co Nielsen method on

" whole top lower
sample | layer layer

(all spocies) L :
Juncus 56 as 105 - 57

Bara peat 76 - =
Alluvial grasoland - 96 - -
j12 12% 79

- |

58 80 2 |

(Pridericia only) ~ | T '

Alluvial grassland 55 - -

e .- Aol o

The wet funnel method gave oonslstently higher values for
Yesenchytraeus and Fridoricia considered separately (Tables 20 & 21).
‘Sable 22 chows the rosulta of a 't' teot carried out on the paired
estimtes cbtained by both mothods for these spooisae |

i) &

(b) Beasonal variation in relative efficioncy

Pigse 15 & 16 show that thore was an inorense in the relative
ofiloienoy of the Nielgon method on July and August sampling occasions
(for all arcas except Narduas)s This coinoided with both an increase

P ¥ IS



Table 22 Comparison of all extraction estimates for
Mesenchytraeus and Fridericia 1956=1957

—Eam—;-)l@l Hean of mean number . Signi.fic;ama
. per soil coro
Nielsen |Vet funnel defa | 't P ¢
method method
‘Mesenchytraeus . N
from 15 26 14 8+82 | 04001
Juncus 56
l?ridoricta_ S : _
from 12 22 & 5+28 | 001

{ Alluvial grassland l

16 & 31) and in the

& 23)%

in the number occurring in tho to er (Figs
mmber of Nielsen—ext;‘gcted wormsp(']].‘-gles(‘l gglé

Toble 23, The correlation soefficient for relative efficiency
of , q.rﬂ numbers extracted by, the Niclsen method 195 :jﬂﬁz

Samples | Value of | ,d.fe | P< i
r i
Juncus 56 | 0638 1 0002 ’
Bare poat 0s965 3 G-01 i
(o) The relative efficienoy with top end lower layers

The relative officiency of the Nielpen mothod for top layer sube
samples wag greater (Figs. 15 & 17) than for lower layer sube-gamples
in all cases (Table 2i)s It should be remembered however that the
lower layer (about 3=4 om, thick) was extracted vhole in the Nielsen
extractor, but further subdivided for the wet fumnsls. The discrepancy
in rolative effioiencj between the top and lower la.y_'ers my thorefore
bo MIJ a funotion of thicknsss of soil core rather than difference in
mthode Vhen only the numbers extracted per top layer are compared

- -




 for both methods (Table 21) the Nielsen method equals, ar, excels,
the wet funnel msthod in relative officiency.

(a) Seaeomf_l_ variation 1n relativg eff'iciency with tog and lower
layers of tho sample

Fige 17 showa that the variatiomin relative affi.oi.emy were similar
for both top and lower layers (vhich were extracted separately)e No
such correlation existed" with the reﬁulte rmmm 'aamples' (E;ig. 15) e
This may be explained by the lack of a clcar zonation between _'litterﬁ
end 'soll' which makes a mesningful division of the soil core difficult,
vhereas the H__d_qg noi.l cores could be eaauy divided,

4

(e) Relative effiolonoy and moan wolght of worms extracted
The mean wolight per worm extraoted by the Nielson mothod, on the

August 1956 sampling occasion for Junous, was significantly lower than
the moan weight obtained from wet funnel extraoted worms (Tablo 2h)
and since the mean estimate was groatér it is conoluded that, on this
occasion, the Nielsen mothod extracted relatively more young voruse

Table 2h. Difforeonces in mean veipht and moan numberg of
. enchytracids extraoted by both methods from padred

goil ecores (Juncus 56 August T956)

. - 1

Mean weight“ a b'.ean numbor"
_ per wornm | pex sou core
Nielsen mothod | 0°209 3 0:007 | a7
Vot funnel method | 0246 & 0+005 626 -

e e A o e s - R e TR Il e

fP< 005 *°P< 0001

-k} --

e
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DISCUSSIAN

From the reulta' of the comperison of the two extraction
techniques 4t may be concluded that,

(a) over the whole of the season, the wet funnsl method was
nore effiolent than the Nielsen mothod at extracting enohytraeids
fron wet peaiy soils but there was little to chocose betweon the two
methods when tried on grassland samples. Whén,' howevor, the top
layer sub=-gample reaults only are compared tho Niclson mothod 4is

shown to have becn as good as, ar battor than, the wet funnel mthode

The lower lwer rosults were shovm %o be the causs of most of tho
Nielsen-observed diseropamies. '

(b) the efficiency of the Niolsen mothod was much improved by
the division of '&he 5011 core into layora which wero extraoted
gsparatelye .

(o) the wet funnel method wéa relatively more efficient at
obtaining the lai-ger spcoies = He-ench

roous and maturs Friderioiae

The Nielsen extractor was more eti'ioient h\ the pumuer months (June=

Auigust) vhen it extracted mors of the younger wormse Seasonal o
variations &n rahtﬁe efficlenoy were similat fcr"tha"'sepaiaﬁely '
extracted 1itter and soil. . '

In genoral the wet funnele-extracted-worms were in better cons
dition than the Kielsen-extracted worms, being alive and recdy cone
contrated 4n the funncl bases At tho end of the Nielson extraction

the worns were concentrated in the washed fine gravel from which they

vere removed by repeated waghings. Since the heating grodient was




very much more diffiocult to control towards the end of the Nielgen
extraction there was a tendency for some of the extracted worms to be
dead or damaged by the timo the washing process was due to be carried
oute These damaged worms were ofton losf in this process espeoially
when the excess washing water was doa;mted away, as they floated in~
stead of sinking, . Thore was also a loss due to non-recovery from the
gravels The over heating of the worms wae partly caused by the une=
cortainty of ascertaining vhen all tho worms were safely in the gravele
It was always very diffiocult to gat the top of tho soll core to the
required temperature for expelling the worns without cooking those
woris already extraocted.s KEvidently other workers have also found
sinilar difficultiese The cooling aystem requires veri delicate ad«
 Justmont at this stage -~ a disadvantage if a mins water supply is used
as this is bound to very in praessure and temporature.

it was also found that draughts and air temperature profoundly
effected the establishment of the correct heating gradient partiocularly
in the wet funnol mothod where, before adeéﬁata Boreening was praviﬁed_g .
a 5°C. drop was counon at the cirounmference of the funnels, attracting
the worms cutwards to the funnol edges where they were subsequently
trapped by tho warmer layers belows

The labour involved in making these comparisons severely restrioted
work on the study of the worms themselves and it soon became olear that
the main consideration might well be this cno of time, where other
faotars were not important. The Nielsen method required mch mare
attention whilst the extraction was in progress, whorvas ths wet fumnel
zothod was casily managed and produced extracted worms ready for sorting



in a much shorter poriod of time, with less effort.
From these rosults and cbservations the following factors are
dtacuaaed as relovants e
(a) soil type and soil conditiona, o ., o
(b) thicknoss of the eoil to be traveraed by tho antmla m
the course d‘ extraction, o o
o -. .(o) epecies composition, age and phyaiological oond!.tion of
‘the animals to be oxtracted, .
(d) the effect of the oxtraotion conditi.ons on tha am.mls,

(e) the labour involved in relation to relative officiencys

(2) Botl typs and soil comditiona

The Niclson method was designed to cope with soil oares taken
tron mineral soils and has been used extonsively by Nielsen (1954,
1955a & b) on the exceptionally sandy soils of tho Hols region
(Jutland, Donmark). It is not, thorefore, ourprising to find that
the grassland (mineral soil) samples were bettor sulted to this
mothod, whereas the peaty aa.mpies were genorally best extracted by
the wot funnel mothod, ‘whisch wms designed by 0'Connar (195 ) for an
erganio soile '
" It'is diffiocult to find out what soil faotors influence extraction
efficiency, because of ths obvious fundamental problems invclved such
a8 cage of mairemeht through the soil undor extraotion conditiong,
Hielsen (1952) waintains that the advantage of hils method lies in the
avoldance of waterlogging of the soil, which tends to make some soils,
particularly olayey ones, stioky. This objection to gubmergence could
Mrdly apply to the water1ogged pont samples) 4indeed it is suggested
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that the submergence of the peaty soils helps to inarease extractas

bility as they tond to swell and become lightor in texture.

Mention bas been made of the difficulty of heating peat in the

liielgen extractorj therofore soil conditions will affect the heating

gradient and, as in the present Luvostigation, suitable adjustments i
vill have to be mde to tho heating arrangement. Niolsen (1952)
chserved that & molsture gradient wis set up in ths Nislsen extraster y
by thé oondensation of water vapour, rising frou the water bath and Y
mooting the cooler soil above. This gradient 4s supposed to work in
conjunotion with heat in repelling the worms upwards. It is lknown
that enchytraeids choose optimum soil molstures (Ivleva 1953a) but when :
extracting naturally wet semples, as in the present work, this gradient | ;
can not be of great importances ' |

(v) Thiclmess of the soil to be traversed bx the animals in the gourse. i
of extraction *‘

This faotor will be influenced Bot only by the thicknsss of the . i
soil core plaged inm the eztractor but also by the 'pasifion of the worms |
in the soil core. With tho additional thickness of gravel, lying
{zzcdiately on tep of 'tne nou oare in the Nielaen extraotaor, it is
ore d;fﬂoult to minimise this diatanca thgx_x 5_._n the v;pt fumegl apparatus
whers, after the vo_rmu-have safely penstrated the sieve, thoy only have
to sink to the base of the fumnel. 7The position of the worua in the

toil core has boon shown to vary throughout the year and because of
the diatance effect this va;iatiog in distribution will affeat the
extraotability of the woras, espeocially whon soll cores are extraoted
wiole, as with Bare peat and Alluvial sauples. . This variation wAlll

.. 3o
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be rcduced when soll cores are extracted as separate layers (as with
Juncug and Nardus samples). |

The decreased efficlienoy of the Nielsen mothod with the lower sub-
samples was partly causcd by the greater thioknoss. of this layer as
extracted in the Niclsen mothod, it being further sub-divided for wot

funnel extraotiop.

() Bpecies componition, age end mmological condition of the
~ animilsg to be extracted

At this stage it is diffiocult to pﬁvance any reasong for the
lower efficienoy of the Nieleen extractox-_'. with NMesenchytracug and
mture Fridericia although thelir larger size and ,dalepgr digixﬂ.bntton
gight favour the wet funncl method. | | .

The bettor performance of the Nielsen method with young warms
has been ghown to be linked with the seasomal rise in efficiency in
the summer when the young worns wei'e more abundante VWhy young wworrms
should be favoured is not olear, but t'he_y may be more sensitive to
eoms extraction condition such as hea® or waterlogging vhich does net
sffeot the older and larger worms.

Further statistioal evidence will be gi.vcn (m 3) co oom‘i.m
the suggestion that the extraction methods _tgpﬂ %o be biased tn ,
favour of extraoting certain parts' of the population.

Nieleen (1952) found that under very cold conditions the yleld
fron the extraotor drops markedly and attributed this to the inactive
sondition of the warms, a phenomsnon avoided ¢o a limdted _exte‘nt by
we-axtraotion thawing-out at room temperature for.one ar, two dayae

S =k8 .




In the present study a similar drop in numbers was encountered in the

colder months. However, subsequent vinter sampling has been avoided

vhen the soll was hord froeen. This lowered efficliency in winter might

be explained by the decpor distribution of the worms at this time whioh
will have tho effect of reducing the extractability of the worms presente

That some physiological factor is involved in the variation of
extraotion efficiency was indicated by the m results, vhere
similor variations occurred with the 1i._tter_ and soll layera extraoted

. soparatolye Changes in species composition of Enchytraeocides may also -
" be responsible for the efficiency variation.

(4) The effect of extraction conditions on the animalg

Niolsen (1952) ehowed that enchytracid worms were capable of moving
through an 8 eme colutm of sand, friable mill and raw humuug in less
than 10 mine The present writer has cbserved worng passing through
the sieve in the wet funnel mothod almost immediately following the
start of the extraotion. Heating gredients worked out by Nielsen
(1952) and O'Connor (1955) adopted in this investigntion seom eapable
of 1ittle improvemont. Experimental work by Ivleva (1953a) has showmn
that Enchytraeus albidus whon presented with the cholce of various

tomperaturee, preferred an optimum of 17°48°C. ‘Thls response fits
in vell with the behaviour of the worms under extraotion eonditions

and demonstrates tho importance of the cool ‘shelter® for the worus

after thoir extraction. '

The faot that most of the worms, particularly those extracted by
the wot funnels, remained alive under low temperature storage conditicns
for up t0 2-3 months imdicato the satiafactory nature of tho heating
gradient as far a 4t affects the worns suscessfully expelled by ite

el -
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Because of the effeot of air tomperature and draughts on the
heating gradients, a constant temperature room would prove ideal for
extraction work providing a cooling system was installed to keep .the
roon temperature at 15°-18"C.

(e) The_lobour involved in relation to relative effieciency
In the preceding paragraphs the shortcomings of the extraction

mothods have besn dealt with in detail, but in practice many of the
erroras are not as important as thoy seem, when viewed against the
{novitable Mcmetee aeaooia;ted with the whole process from the
collootion of soil cores to the completed analyanis of the data. The
mjor faotor may well be the labour involved and on this count ths wat.
funnel method is definitely supsriors
These considerations during tho first year of sampling (suumarised
in tablo 25) led te the following genaral oonolusion: that for the
quantitative extraotion of ©oil dwelling Enchytraeidae the investigator
requires, ' ' - |
(1) & cheap, easily worked, oxtraoticn uothod which is
adaptable to changes in soil core size,
(2) a sample site selected for the suitability of the soil
type for the seleoted extraction method,
(3) a moasure of the bias in the extraction tochnique and
of its efficlency compared to soms other different and
independent mt_hod as hand sorting of enchytraeld worms,
particularly the smallor ones is oo ineffioient that its
use as a cheok method is a little pointless,

50 =




(%) a measure of the consistenoy of the technique

obtained by suitoble replication in sampling and

extraction (see IV: 3).

The programne for sampling in 1957-58 was worked out on this basis

(IV: 3 ) using the wet funnel mothod on Junous 57« ' There is no

doubt that the Nielsen method could have been used, but the extra

effort involved for a brief peried of higher effiolency did mob

Justify 4ts acceptance.

Table 25. Sum_ of comparisons of the extraction methodg

Wot funnel method

Nielsen mothod

Soil type better for organic better for mineral
and peaty soils soilg
Thickness of should be as '
soll core to thin as pesaible
be extracted - more convenient
for separate
extraction of
suh-gamle
layers
Spooiss botter for mture - | better for young
cozpoaition Fridericia, 1 vorna (1-2 mm.)
and age . Mesenchytragug - (Fridericia
' . ~ and most bistosa :
~ Enchytraecoides, Nielsen 1955)
(Enchytraeoides
Henlea
_ 0'Connor 1957)
Hoating not oritical but eritical
gradient may be diffioult ditfioult to
to oontrol in adjust especially
summor wvithout cooling system
_ CeTe roon '
~ Condition of in water with - in viaghed gravel
the worns after gome debris _ some may be dead
. extraction "~ alive or lost in washing

e = 54 - — 4

- .out of gravel _______



"PART IV

THE QUANTITATIVE DISTRIBUTION GF ENCHYTRAEIDAR

Samplo. data obtained for _1_955-58 contains m'fprmtion on the
distribution of enchytracidse An attempt has bcog made to eplit up
this general diatﬂbu%im‘utg various groupa. under two arbitrary _
hoadings, the first, referring to information cbtained from sample
unit valuos, the second, on information cbtained from sample mean

valuos a8 desoribed below.

(a) Bample unit valueg | |

(1) SAMPLING DISTRIBUTION, & primarily statistical concept cone
oerning the dlsgtribution of sample unit values sbout the mecan. The
rature of this distribution has been compared with the expeoted distri=
bution of gample unit valuea taken ranfomly from a theoretical normal
population,

(2) MICRODISTRIBUTIN, the distribution of the animals in a small
plot which is complotely extracteds This has beon carried.out to show
the prosence of aggrogations in a seemingly uniforn erea.

(3) HORIZONTAL DISTRIBUTIGN, providing information on the dis-
tribution of enchytraeids within the samplo site, when sample units
wore cbtained in a stratified reandom manner.

]

(b) Somple moan valueg
(4) VERTICAL DISTRIBUTICN, . the distribution of the worus with
depthe o '
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(5) SEASONAL DISTRIBUTION, the variation in density of
enchytraeids in the sample arca throughout the yeare

(6) ANNUAL _ DISTRIBUTION, tho variaticn in density from year to
years

(7) AGE DISTRIBUTION o the distribution obtainsd from weight
measurensnts. |

(8) BECOLOGICAL DISTRIBUTION, the difforemoos in density and bio=
" mgs of the animals from ons sample area to anothere - -

() BAMPLE UNIT VALUES
These provide information on tho gtatistical requirements of the
results, in ader to draw the carrect conolusion {rom the sample dat:a.
Additional data on the performavnce of the wet funnol extractor and en
the epatisl dlstribution of the animals is also included.

(1) S8AMPLING DISTRIBUTION
g tostn
The distribution of most populations sampled is very rarely a
normal ons. Previous work by both Nielsen (1954) and 0°Connor (1957)
hag ahown that the enchytraeid sampling distribuﬁ.on can bae expeoted to
be skowed with an excoss of sample unit values distributed Just below
the mean (smll negative deviates) and a small excess of velues distribu~

woll above the mean (large positive deviates). |

Nothod of study
Information was collected from all the sampling data by arranging

the numbers cbtained from individual sample units in frequency olasses,

wf3e




vhose class marks are numbers of .atarﬂé:jd deviations from mean valuess
The sum of their frequencies over the sampling peripd, Woesﬁ o a
percentage basis is ghown in Fi.gs. 18 & 19 for difforent aampli.ng arcas
and extraction methodse The theéroti.cal normal distrﬂ.buuon is also
showme ' . R

Using X® it ws .decideé to compare the discrepancies botwcen

(a) the observed and the thecretical narmal distribution (a more.
refined statistic was also used to !soparat_e skew f£rom urtosis),

(b) distributions obtained by cjift‘emnt extraction methods, and -

(o) from differcnt sample gitose. .

For the comparison of the sempling di.stribution to the normal
expoctation X was cbtained from the formile

2o {220 vorg (9) is the cbscrved valus and (e) the expectiéd.

(theoretioal) value. _
. Par the comparison of the two cbaerved distributicns X* is given
by the formulao

(erd)®

2 r(e+b)

whors {a) and (b) are ths two observed frequensies

amd ¢ = No/j, , Na and Nb being equal to the numbers of sample units in
cach dlstributions where those are equal r = 1 end XV a (&D)°
caloulations were of course carried out on numbers, not percentages.
Frequenocy olassos ar less than 5 were 3emréliy grouped.

Results
(a) Deviationg from normality
Table 26 ghows the eompariaom made between the aampung de.ta.

'_'52'-
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Fig. 18, % distribution of sample unit values,
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obtained in this study and published data of Niolsen (1954) end O'Comncr

(1957), compatred to the thooratical normal distribution.

Table 26, % aistribution of chmervations arranged in 8.De

p}asses gbout the mean

8D Classes - ', -2 i mean +1  +2 +3 Nunber
; of soil
| caros.
11 ereas 1956 | . |
?uauen) 0°2 [12¢3 [ 4502 | 267 | 134 | 241 | Oel 580
Yot funnel) Ok [43e1 [ 3946 [3062 | thel ! 107 | 0e6 480
unoug 57 " ook [13e5 [40°1 (3099 | 1946 | 3ok | 0s1 | 735
Provicus work ' 1
Niolsen 1954) | Oef [49¢6 |46°5 1260 | 41°3 | 4e1 | Oh | 2850
0'Camor 1957) | Ok 115¢5 |39ek [25¢9 | 1541 | 3°7 | O 490
Thearetical ‘ : - 4
porEal . . 2e3 136 [2het |3hed ' 1346 | 202 ?61 : - |
_ i ' : TR N I

The X® values (Tsble 27) show that when all the cbservations from

the varicus sample areas (Fig. 18, Table 26) arc comsidered, significant |
deviations from normality cocurred in ths sampling distributions obtainad

by both extraction methods, with a tendenay ¢o grenter ancrmalily fo
the Fisleen methode . B |
Table zz vgues of X° for deviation from normality of the
w 1ling dlatribution
Sample areA "] Nielsen | Wet funnel | dofo—_ Total numbe;
' ) extracted | | extracted ooy . of sol) ecros
i S N - : :
Juncus 56 - 5e06 .- '0e53 5 195
i Bare peat o 1303700 - Teils - 3 . 75
! Alluvial 2495 385 5 20
' Rordug 16050v¢ 355 3 120
. A1l eites s 19564957 | | 35°65%°% | 1le00* 5 480
m 57 - 28e6h* | 5 735
[ L — —
% PCO°01, %0 PLO°001

* PL0+02,

-55m .
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The sampling distribution ({llustrated in Figame 18 & 19 and

Tsble 26) differed most cbviously £rom normal (Table 27) in the
follovwing wyse _ o

(1) Generally thore ws an excoss of nopative deviates (Table 28)
ar olow 4n the sampling distributionss ' This ehow was grenter when
mlo figures chtained bythe Niolpm‘x mothod wore oonsiéezfed,

'(-2) the most cbvious é&me'ioh from normlity wao to be found in tho
4 19D classeae ' In a thooretical narml distribution the percentage
mmbers 4n thoso two classes chould be both equal to 34  4n oxcess of
velues was howover fourd in the omall nogative dovinte olags (=15D) with
oonsequont inequality of values about the mean, again moro pronounced in
the Nielsen a-eztmotaa sanples (Table 29)g

(3) when tho tails of tho mampling distribution woro compared a emall
cxoess of very large poaitive devidtes (D 3 D) and a shortagse of laxge
negative doviatos (D « 29D) woro canspicucus (Toble 30).

Toble 28. % nushers of negntive deviates

© Somple arsa . Niolaon | Vet funnel
] samplag

© A1)l siton S
1956~1957 Lo 58 , 53
Junoug 57 . S S o 5h

" Niolscn Denmark |- |
(1954) 58 -
O'Connar No Wales | =~ _ g
(1957) - 55
Thearctical normal 50 .




A% _valuep for deviation from normality

mbers of small nopative devintes with their

Tgblﬂ ao d‘n nu

Egb.c :oo di:‘ L fe.

Nielsen Vet funnel
extmoted aamplas extmcted samples ;
fample area % sms.ll b % -mall ' xﬂ f
nogative nogative l
deviates .doviates ';
Juncus 56 10 1095 35 0+03 —
Bore_Deat 52 7°012e W8 | be23* |
Alluvial 42 1e7h [ 1629 |
Nordug 52 | 10e76% &0 156
Al pites vy Py
1956-1957 aU LAl 3 |42
Juncus 57 - | - W [Tt
Nielsen (195%) 47 . - -
Danish results
Ne Wales recults - _
| ;heoretioal * L - 3 | - '
® P<0e05. ** P<0e0jc **+* P< 0001

number of larpe nopative deviates in the +25D in the +290

olasg with their X¥ waluos for devistions from normlitg

, | Nielsem Vet fumnel
! oxtraoted aamples extracted samples
'Sample area % hrge x8 % large X3
| nepative negative
l deviates . deviates
Al sites oo | awoaee | ok | qenges
19564957 0e2 9 09' ol | .7 f
Mﬂﬂ 57 - - Oek 1134
’ﬂm 203 - 205 -

— °P<0'3§; sre P L 0«00

-0¢ P<0«01,

o 87 =



(b) Comparisons of sampling distributions obtained by differen
extmction methods

No significant differonces exist batween the Nielsen and wot funnel
distribution = both present a roughly simiiar ploture - however the |
deviations from normality have boeﬁ shown to be more severe when the
Nieloen samples are considered.

A sioilar di.ffe;-enoe {8 found when the results of Nieleen's (195%)
and 0'Comnar's (1957) data are compared (Table 26) '

(o) Comporisons of sampling distributions from different sample areag
Fige 18 chowa that tho Nardus and Bare Peat sampling distributions

vere more asymuetrical than the othor distributicns. The X°P valueos for

Nielsen extracted samples (Tebls 3%1) wore not however significante

Table 31e X2 valuss for the comparison of different
gampiing digtributions (Nielgen method)

Sample area b.o defe

ﬂarduB-Jumua 56 73 | b

56-894'0 peat -"5-.-‘!3- ER

SRS R R ——

(B4) end (gz‘ﬁtatlstio for skewness and kurtosia

The X® teats cannot differentiate botween skowness and kurtosis =
tvo ways in which digtributions differ from normslity. Using tho
results of preliminary sampling of 75 soil cores on the Jyncus 57 cample
site a froquency diastribution was constructed and from it two statistics, .
(3y) and (go) were caloulateds

(g4) 28 tho statistic which deteots skewness end 4s given by the
o w58



g;::;-;’ vhere (kp) 4s

the noan square and (i) the corresponling statistio for the thind power
of the doviations from the mean. '

(g2) detects kurtosia and is baced on the fourth power of deviation
from the mean (Iy)e It i3 obtained from the exprossion

82 ="E;
The significance ¢f the valuos or(g.b mdﬁgzha determinged by the
estimate of (¢ )uhere |
o2 ¢, B
884 - @8
with infinite degrees of frocdom, (sg4) and (sgz) being the respcotive
standard errors of the values(g.b ana(g,)
The values of (g4) and(g, e shown in Toble 32 for the untranaformed
and log transformed numbers cbtainsd from 75 soil cores (each 10 oxP)
sampled from Juncug in April 1957,

Iable 32, Values of gy end g, ond tholr significance far
le units from Juncusg 57

Data , " Pest for skevmess Teot for lkurtosis
6w | 8w %

Untransformed - #0056l 2.03*% w2502 L6o0L0*®

Log transformed «0:005  0+02 * 30204  5.84300

P <005, *°%P 0001

=5 =




The positive value of (g4)for tho untranaformed data showed that the
sampling distribution was skewed with an axcoss of below « mean valuese
The pegative lurtosis (-gp) indicated that thore was an excess of

poderate valucse Tho effeot of the transformation is to reduce skew
(gy) and durtosis (g,)

The relation between mean and gtanderd deviation
The sampling distributions were further studicd by plotting msan .

values against their standard deviationse The standard deviation rose
vith the mean value (Fig. 20) but at lower moan valuss the standard

mean value was proportionately hicher than at highor moan valuose Thie
{s dettex shown by using perc'o_zntage standard deviation ar ooaffioiént

¢ wariation.

% 8D =5 100 vhere (8) 4s the standard deviation of the mean valus (%)

as chomm in table 33.

big The z-ula..iunangg of mean valuas and % BeDe
15 aoll ¢ aach 42 cpP arca)
Mean % SeDo
50 25
250 &0
750 35

The goatter of the 8.D. Valueas is greater at higher densitics.

Fige 21 refers to rcsults using e smaller sample sizee Any
inarease in socatter which may have resulted from using a smaller core was

- 60 =
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Fig., 20, Mean values and standard deviations, 1956/57.
(N = Nielsen's 1955 results,.)




mre than offsot by taking a groater number of goil cores on cach
gampling ocoasion (as indicated in Fige 21 by open circles representing
values for 45 zoil cores). '

In Pige 20 tho dotted line represents tho average trend of Nielsen!s
(19552) results from Danieh habitats. The 50 % standard deviation line
mrkod on both graphs is epproximately equal to 0'Comnar's (1957)
resulte.

If a detalled comparison 1s carried out using all the paired gample
results from both extractions (Table 34) it will be seen that 4n goneral
the percentage S.D. was of the samo order, though slightly lower for the
wot funnel results. If these values are compared to Nielsen's (1955a)
ca vosults for elmilar meam valuos both sets of figures from the prosent
authoir's wark were generally lower than the Nidlsen eqdivalent.

fable 3he Averame % B.D. for results from both extraction
s=thods and the equivalent véue obtained by Nielgen (1955a)

Sarple aves Mieloen mothed Vot funnol wothd |
Precent Ni.el-aen'n P:-.'-ejsént | Nielgen's
work equivalent work equivlent
 Juncug 56 33 - 28 -
Be.r.e péat T 8% 6l - 65 59
Nlaviad 8l e w | 62
| Horéug 58 51 50 | - 52
Yotal 5 N 57
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F:l:go 21. Mean values and standard deviations of Juncus 57
samples (open circles = 45 sample units, closed

circles = 15 sample units).



Discussion
The charactoristic excoss of small negative and largs positive

doviates with a reeultant nepative skew has becn showm to be a commen
feature of almost all tha enchytraeid sampling distributions so far
recordeds This spoaks highly for the extraction methods and sampling
groceduros used.  However tho presenf wark has domonstrated that
differences, though small, do exist both in the numbers, size ¢ . .
and sampling distribution cbtained by the two methods ~ all that can be
eald at thie stage is that if two éxtraotors are not 100 % efficient
(ond none are) then each will seleot its own extractable part of the
populatione -

A sampling distribution ié of courge always anormal in the genge

~of boing finite and having a reatrioted mumber of large negative deviatoes

Gus to the impossibility of sampling a negative number of wormse The
excoss of large positive deviates, with a resultant inequality around
the mean, are attributed to the spatial pattorning of the warms in the
sample area, to be dimcussed laters Hore precisely, ths@; )a.nd (82)
statistics showed an oxosss of modorately placed below-mean values
(positive skow and negative laxrtosis).

Ona very practical aspeot of ancrmality is its effeot on the
ntx;tisttoal tests and significance levels convontionally accepted,

though this effeot is not considered to be as important as in the
earlier days of statistical tosts. ) However, in the preosont study, it
ws deoided to try the effeot of transforming the data, in order to
normalise ‘it. The effe& of such a transformation is shown (.Table 32)
by the reduotion in velus of g; (skewncss) and g, (lurtosis) using the

-62-
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1ogar1thmi of tho numbera.

The characteristioc relationship of the mean to the standard
doviation s0 typical of sumpling distributions like the onea discussed
helps in two ways, .

(1) to indicate an appropriate tranaformation, in this ozse a
logarithmic transformation is suitable (Barnss & Bagenal 1951),

(i1) to form a standard against which further values can be
checkede By using the relationship for this purpoce it has been
possible to conslude that in general the Niclsen method gives highaer
persentage standard deviations than the wot funnel mothod when both
the present work and Nielsen's and O'Connorfe results are comparcde
The lower percentage standard deviations for the Junsus are quite
strikinge Thess comparizons are parallel to those mads with ¢he
normal distribution and the samo reasons will apply = that heterogensity
in the efficionocy of the extractor or in the sample axrea is the causse
of increase in anormolity or variancee '

(2) -u:cnop:sriznuwzon
In recent years much attention has beon paid to tho spatial dige
tribution of the soil fauna and sampling methods have beon designed
%o determine the farm and variation of this arrangement of the members
of a soil populations

Hiqrodiatribuﬁon can be studied in throe ways, .

(4) frou random sampling datae The sampling results are comparod
fo ths Poisson distribution to give a moasure of the dogree cf
\gZregaticon, ar ctherwise, to be found in the populatics studied.

(41) by the complote enumeration of a smll area and the subsequent
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g,apping_and anclysis of the numbers cbtainede This approach was used '

by Salt & Hollick (1946) for wArewdrms and later by Nielsen (1954) and
0'Connor (1957) for enchytraeid worms. . B |

(111) by a mothod of tie-line sampling, rocently desoribed by
Hughes (1958)s This method combinos the advantages of both the pro=
ceding ones but avoid.é the destruction of ths samplo area (as ia
necossary for complete enumoration) making possible a repeated atudy
throughout tho sampling year. .

In this work the first two methods have beon used but as the
opportunity of the Hughes method has arisen, a oomparlson_m been
mde between this and a cowplete enumeraticn.

(1) Information chtalned from rendom samoling dats

Moat populations sampled are not randomly diltri.buted. A oon~
venionﬁ mcasure of randomnoss is given by the coefﬁio;ont of dispersion
(Oleplma 1936) which is given by tho expression.

£ (x-%)®

. —a - .' .
where < (x-E) is the gum of the
£ (o=} . .

squares of ths doviations of the individusl units (x) from the mean
(¥) of ail the units (n) making up the samples It will be noticed
that the oceffiolent s in fact the ratio of variance to mean which is
squal to unity vhen a randomly (Poisson) distributed population ie
sampleds If the population is overdispersed the coeffioient is less
tﬁm unity, 4f undordispersod o eggrogatod, the coeffiocient is groater
than unity. ’m doeviation from unity is significant if it exceeds the
m.‘ / . .
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vhich for n = 15 samples 1s 1 +0°799.

All the sampling figures obtainsd in the investigation indicated
that tho popuhtim sampled were highly aggregated, the coeffioienta
of disporsion being significantly grenter than unity (Table 35). -

' Table 35,  Some reprosentative coeffictent of dispersion’
.. Zfxom the samnling data 19561957

' ®Mean number " ‘Coafficiont of dispersiom || =
. 50 . E . 18 1. .':..'.:.'.._.'.l
.. 64

* (from 15 soll cores 42 onf area.)

(41) Information obtained from complete onumoration datg
Aggropations were further studicd by the seleotion of small plots

{as vegotationally ""‘Eﬁg“*“"chs as possible) which wers coupletely
sampled and their numbers subsequontly mappeds The Nardus, Junoug and
Calluna sites (Figoe 22 & 23) sampled in th:l.a Y revealed agpregations
m! unocie.ted gradiants when the volugs were classified into stendard
daviationa from the medn valus. Sources of errar such as tho ine -
evitable hatersgencity of the vege ut on, the diﬁ'icu".ty alose
sampling and the incomplete removal of the plot owing to the use. of a
olroular soil eampler were eliminated in a subsequent experiment on the
Bare peat arcas A square plot (32. om x32 on) was seleoted (Plate 12),
having a ﬂat surface completely dévom of vegotation and divided up,
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. Fig. 22, Density map of Nardus plot (87 x 80cm)

with S.D. contours.
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Fig. 23, Density map of Calluna (16 x lécm),

and Juncus % (37 x 37cm), below,

above,
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using a aharp knifo into 100 soil blocks 10 orf in are:; and 6 om deep
(Plate 13)e¢ In this way the entire plot was removeds  The soil
blocks were randomiﬁed into three sets of 30 and one of 10 for extracticne
The four extractions gave means of 40, 38, 36 and 31, The numbers
 btalned per soil blook were mppod as shown tn Figs 2hs  An overall

mean of 39, and variance 164 gave a cocffioient of dispersion significantly
greater than unity, An andlysis of variance wes carried cut on the data
(table 36) amd ehoved that the variaticn down exd along tho'plot was
significant whereas the extraction lots wore not significantly different.

Table }6. Annlysis of ve:.’mnca for the Bare peat
microdistribution plot

.;oui'ca of vuri.atton S(x=R)% | dufs  |Mean oquare | P PcC

Rows along .- 3563 9 | 3% #e3* " 9.001

Rows down MBS | 9 | 5B | 58 gy

Extraction lots 3N .3 2k 13 |

Residual 1253 n® 93 .. I
16048 99 | 162 '

Total o C . '

In the analysisc of wireworm. miorodistribution plots Salt & Hollick _
(1946) used the analysias of vb;-i.anoe to romove, from the fotal variance
o a plot, a larger component and caloulated the coofficient of dis- "
persion for the remainder as well a8 for the total. If the removal of
the larger oompomnt reduces the coeffi.oi.ent of di.aperaion 1t tollom
that the aggragntion is disproporticmtely eontai.md within tho Iarger
component 80 renavo&. : '

=66 -
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- Fig., 24, Density map of Bare peat plot. (S.D. contours
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The removal of a largor component for 25 blocks of &4 samplos
from the Bare peat plot reduced tho remainder coofficient by half
(T‘bl. 37. Figo 25).

Todle 37.  Amlyels of varionco for larper component
_ . of the Boro peat microdistridbution plod

—— -

, 80uroe_d‘-vari.ati.onl<(x-!)' } a.f. | Mean square | O.,af 1_).'
| PR } !
Larger component 9850 ' 2h
Rem 6198 "5 83 _.; 2.1

| | !

) ' - v

Table }Q, Tho reminder coefficicntg for the rgmoval
Of luryCe coubonunts

Component rcmoved Ce of Do
Size I\tun{faer - far
(ezf) | of _

pivcks rouainier

o f ann LR -
&0 25 2e1
"‘"G ‘.. -
500 Sl

The removnl of still larger compononts incrcased tho romadndor cocfliclent
of disparsion (Table 38), from which it is conoluded that the strongost
ofoot of the aggregation was to be found in areas exceoding the area of
one soil blook (10 on®) but smaller than the area of fowr grouped sodd
blocks (40 omP)e By using conto;u-s dofined by standard deviation limita
(rigme 2k & 25) it s dem;atrated that thore were,



| Fig, 25. Density map of 1arger components of Fig, o4,




(a) ono patch of very high density (> 2 SD.) with 73 worns
er soil blook,

(b) three or mare patches of above mean densitios (up to 2 S.Ds)
rith 39 to 62 worms per eoll block,

~ (o) & continucus mtrix of below moan values (down to =2 S.D.)
ith 17 to 38 worans per soll blook,

(@) occasional single blocks of low dencitye

441) Information obtained by Huches (1958) tie-line method

The lebour involved and the total romoval of the test arca are
jerious drawvbacks to the complote enumeration mothod. Kughéu (1958)
s desoribod.a method of tie-line gampling vhich emables estimates to
e made of aggrogation sise and sawber mb differont dencity levels
rithout the completo sampling of the gelooted arcas Re De Hughos has
kindly worked out theze eastimtes by seleoting, in a randon stratifiod
mnner, 10 soil block values from the Bare peat mlerodictribution plot
'Fige 2») and adjacent to each of those another soil block valus was
laken in & direction changing by 90”’s Those pairs are said to be oone=
woted by a tie~line of length (q) which equals 316 om., since the

sntres of the soll cores are taken as representative of the density

eoordede The sample unit values aro divided up into frequensy: classes
Table 39, Column 4) and the frequency (¥. in Column 1i) accumulated

o' in Colum 411) and from this the probability of a random sample

Lt falling within an aggregate (Py 4in Oolumn iv) is calculated.

plumn v shows the tie-lines and the number of tie-linos that cross the
Jass boundaries. The probability that the tlo-line will cross the

8o cr the aggregate (Py 4n Colum vi), 1s calculated dircotly from the
- 68 -




Table 39. Acuresate system in tho Bare peat plot as

determined by Mre Re Do Huphes using the

$io~line gampling mothode (Husher 1958)

(1) (48) [(411) | (av) (v)  [(vi) |(vid) | (vasd)
Frequenoy | P P, , Tile-linca P, |Meen Number of
olasa I and number radiuas | agmregates
- (1¥a) of arosses (r) (n
65+ 2 20 |0 | .
0|0 0 o
" 5= 2 18 0+10 ' T
. o B 2 0e2 | 2,0 8
60= | . 46 0420 . :
’ 0.3 ' 2.7
55« 0 15 025 s | 0e3 !
50= 3 15 | oeas|[ (|, | ° , 73 !
b Ocls | 2D 13
. 48e 0 12 040 , " :
_ o | S L gs N )
40~ 3 12 | 0eh0 5 | o 8
. S, S ) — 3 5¢3 b4 = :
35= 2 9 055 5 | oss 3 5 .
: e —3 | 0°3 . 7, N
30w 1 7 0°65 73 1
— —b& | Ok | g5 |
2B 2 6 0-70 : .
_ - ok | 70 a5 |
20w’ 5 b | 080 ' , out ) :
: 7095y | ° - -
159 1 (0.05) 4

q's 316 om. (all calculatsd measurements in om.)

muzber of tie-line arossess The mean redius (r in Colum vii) is
cbtained from tho expression

r & hoB/ir Py
ond the moan nucher of aggregafea (n 4in Cclumn viii) in the test area

(4) from
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n = Py AT/16¢°P,
In table 39 those valueas are shown for the various densitiea.
The conclusions that can be drawn ebout the aggregate systen ares
(a) the fow odd samples ebove 65,
(b) the discontinuous groups of samples with ebove (40 ) worus,
(o) the more continucus groups with below (40- ) wornms,
(d) the few small patehes of very low density,

Discussion |

It has been made clear that the apatial patterning of enchytraeld
nlorodistribution is of a partioular kindse The present £indings, arve
renorimbly siuilar to those of _xvteisen (195h) and 0'Connor (1957)«
The agpregates eonsj.st of high and low density pookets surrounded by
nore moderately placed values, all in a contimuous matrix of low density
valusge _ |

It will be shown that these aggregations do not seriously effect
the statistical tosts used in this study, in fact the existense of this
epatial patterning, somovhat characteristlo far soil enchytraeids has
helped 4o assese the velidity of the samling results, as jreviously
mentioneds S B

The introduotion of sampling methods dosigned to study aggregation
systems, euch.as the ono tried in this work (Hughes 1958) without the
deatruotion of the mample plot ghould be of some help in pursuing thic
subjoot further. Neyman (1957) desoribes the mathematical theary
shich will permit us to congider populations as conglomerations of
oluateras .In the disocussion on Noymn'a__paper Skellam mentions the
"tendenay to leptokurtosis parhspn duo to variations between organisms in
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thelr powers of diffusion”. - This may well be the case here, but

thore are of course other factors, the ralative Mluence of disperaal
factors must be balamed against heterogveneity in the sample area of a
very local kind, caused possi.bly by variationa in nutrient valu.c,
picroolimte, biotio factora, tmdoi.ty ei'fects a.nd edaphio fnctare.

In ordor to underst:ma funy the problem of lowl asyegation mich more
information on the requirements of tho enimals is moeded. Forhaps
larger and more cbvious differcnces require explanation firste It
would of course be surprising to £ind soll animals ¢f this kind
distributed 4n & random mamners 0 0 -G e o

ufaoxxzon?an.nzswn;nnwzdn. |
Under the heading of horizontal distribution are grouped the
problems of hoterogenelty as they effect the validity of sample mean . .
values, whother they are causéd bys _
(1) density differences, as shown by obvious horigontal
gradients within the sample area,
(11) differences in the performance of the extraction mothod
.uaed, made cbvious either by gradients in the mumber ct warms extraoted
by different extraction units or by differences in tha mson eatimatos
cbtained from different extraction lots; .
(411) sampling design and statistical analysis,

Preliminary gampling survey on Junsus 57

The sample site maasuring 25&'5'15 (75 n®) was initially sampled
" in Aprid 1957 by taking one soil core (10 cu?) randouly from each =¥
of the seleoted area. ' The 75 eotl corés 5o taken wero randomised’
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{nto two lots of 30 and ona of 15 for ex‘bractionbythewetfuniml

teohniques. The results are given in Table 40..
. ogble 40s _Results of prelimm »lins survey en’
. gungus 57 sampling eite
-| Sample Sample
blook sub=-plots
_ Z Ji X X Total Mean z1llean
1 195 | 236 | 422 854 284
2 186 ; 188 | 276 650 217
a i 244 ; 218 233 662 221 .
326 : 218 312 856 265
5 | 282 | 253 | b 789 263 25h
6 189 | 289 | 355 833 o7
7 165 | 190 | 285 60 | 213
» 8 48 - 205 216 569 $90
9 307 25 | 270 822 | 2% -
10. 17 . 220 | 218 612 20 232
44 .l o211 | 483 | 236 | 630 210
12 208 | 219 | 418 635 212
¢ 13 17 264 185 617 206
1% 301 532 522 955 318
15 27h | 256 | b . 674 225 2ok
16 43 % | 290 677 225 -
17 523 23 267 833 2mn
4 18 181 142 199 522 ° 17%
19 205 | 220 | 425 550 - 483
20 . | 167 | 198 | 164 . 5k 182 - 209
2 216 | 185 [ 24 | . 645 215
22 162 | 118 | 222 502 167
® gz 204 249 246 699 233 -,
220 | 195 | 213 628 209
25 495 | 196 | 191 582 194 20%
Total | 5572 5403 | 600k 169_79 -
hongle "Tao | 26 20 - 226

EU |
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The analygia of variance of tho data -

. An analysis of variance was carried out on the data (Table M),

Toble 41« _Ahalysis of variance of al all the corponents

Jn the Eralinunarx suIvey <
" Source of variation | d.fe | Sumof | Mean ' P -

Bqlm'ca aquare
._(1) Sample rows 2 7685 | . 38'0—5 | qeb8
(2) Sample blooks | 2b 16131 | 4839 | 187
"2
1

(3) Extraction lots 2539 |.4270 | O-b9

() Extraction rows 560 |0 560 | o022

(5) Bxtraction blocks | & - 43090 | 3078 4419
Restdusl | i3t | 6ohoy |idsoh | -
Totel - 7% | 250408 | 3384 -

th following eomponents being analysed:
(1) the sample rows (X, ¥, 2) along the sample site cach 25 m.-
~ long and 1 Bo wide ' . o
" (2) the eample blooks(1-25) each 3 m. longand‘l B. wide
' (3) the extraction lots whose meen yields are given ih Table 42

A}

Toble 42, Mean yield per extraction lot

o |, |
q 30 227 .
2 30 - 233
. s o
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(b) the extraction rows front and back (Table &3)

ZDable h:. Yean _ﬂeld par extraotion rg

et c———e

Extraction | Number of | llean yield ’
yow | boiloores |
Front, 30 : 229 ',
Back . 45 224 i
e e - - e —a

(5) the er.traction blooks, or poa:ltion in the oxtraotion rows
(1415) (Teblo &k)

Table 4le - Mean yield per extraction blogk

Bxtraction block Hean yiold
223

20
261 i
25h !
250 o
215 !
20 ;
201
205
223
206
203
208
217

-
O\ I~ VRPN N =

b okt ab «b
N =

-
wn

nl
i
b
!

The analysis of variance (Table 41) showed very little evidence of
«xtraction tnconstlatenoy or sample area heterogencity, all ths appropriate
nlusof ¥ (except camponent (2) for sample blocks) wore well below
significance level end were therefore omitted 1n a re-analyaie of sample
components (1) and (2) only (Tsble 45).
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Table 45, Analvsis vorlance for sample componont

Source of variation Dogreces of Sum of Mean F
- freedom squares Bquare | ;-
(1) Somple xows . .| . 2 .| 7685 . | 3843 | 146
(2) sample blooks 2h | 116131 4839 1840
Residual ' 48 126592 2630 | = .
Tota - . | . Tk ] 250408 |- -338% | . =

s pL0°05

Thig increased the degreos of frecdom attributable to the residual
sun of aquaree and the value of F £¢r soil blocks was mnde significant
at 0°05 lovele

Grouping of the 25 sample blooks into 5 sub-plots ond cowparison of
the mean xumbar per sub plot was also analyseds The vaﬂame" ratio (F)

mean gquare sub-plots
fogiduda Mcan BQUALTG = 4095

(with &-and 70 degrees of freedom) was not significant.,

Validity of the am};-_s_is of varinnce on untransformed data
A £inal assessmont of the velues of the variance ratio could only

be made if the assumptions undorlying the analysls were verified. OF
the factors causing most sovere distortion in the analysis of variance
it wvas daoided to test for anormality and non-additivity.

The test for anoruality using the statzaticu(g,)ud(gzxnas been
givens The values of these indicated that tha sampling diatribution

) - .

g ekawad aml Yurtozed and that logarﬂ.thm.c transformation helped to
' - 75 -
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normalise the figurog.

Non=additivity, which can be caused by varlous factors including
aborranb observation, proportional offoats, i.nteraoti.ons and heteroe
geneous variance can be testod faor by using mukay'- (1947) sun of
_squares for non-additivity vith one dogrde of freoaom, given by the

oxpressloa

= (=2)
. non additivity

»

a3 as

(x-2) (1-25)

Whers P = p.d, (p) boing the product of eample block values and (d)the
deviations of their means from the yand mean. (a9) 13 the appropriate

sun of squaros of the deviations of means of blooks or rows.

Table b6 shows the values aleo cbtained and the calewlations of

the variancse ratio for non-additivity.

g; Analyais of veriance with cne degree

g ircedon for r.on—aadi*lvi iy

Hean Equare'

can thorefore be conoluded that the anelysis of variance may be

| Component : Sum o!' squaren De@eea d‘l ¥
S - ! froedon
Regidual . 80403 3 - -
Noneadditivity 3992 1 - 3992 157
Remainder fox PRI
testing - . 764 30 25h7 =
The values of F far non«-addi.tivi.ty were not significant. It

affeotod by the ancrmal mature of the' sampling data, but that in other

-76-
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rospeots the data fulfills the asoumptions,  Cochran (1947) maintains
that anormality causes no serious error and that under conditions such
as those described above the variance ratio is generally over estimated,
mking the 5 porcont prcbability level sauspocts

In view of the taot that 'om 5 porcent probability had been
obtained (from F far sample blocks) it was decided to transfarn the data
and compare the results (Table A7)

e - - P ik - — - . [ ———

Table 47. Comnarison of F walues for untransformed
: and log tranoformed data

component o ‘--D.egreea d‘- P o F -
_ ' : ., freedon untrancformed | log tranaformed | .
(1) Somle rows T IR S &
i (2) Sample blocks | 2h 187 4467
| (3) Extraction lots i 2 049 042
(b) Extractionrows | 1 | oo 9+
l (5) Extraction blooks ' 1 a 1419 . 1+4€

The log tranaformation was chosen becanse!
(1) 1t 15 advisod where mean and veriance (Fig. 21) ere related
(Barnes & Bagenal 1951)

(2) the data under oconsideration m.renﬂ,ered rore normal by transformation

mation '
(3) recaloulation of the Tukey test for noneedditivity on the
transformed data gave a non~significont value for F (¥ = 0'559) |
The log transformation reduced the values of ¥ for all componsnts

-7l =



excopt sample rows, and remcvel the 0405 significance fron the F for
saxple dlocks (Tablesh7 & 48).

Toble 48s _Comarison of F valuoa for untreneformcd and
log traunsformed data. z_ Somple components only)

Deérccs of '

r S b 4
freedon untransformed  log transformed
(1) Sample rows 2 . 4%h6 . .. .. 0486 |
(2) Sample blocke 2 4B . L AeGh -

Disoussion .
Transformation of gnmnling data

In previous sectlons of this work tho need for the tranaormation
of the sample unit values has been mentioncde fTransfirmations, pare
tichlarly the logarithmic variety, have hecome very populésr in rosent
yoars and it seems to be assumed that thoy impart a respectability to
dotee There is no doubt that, in dealing with agprogated populations,
it is necessary to oheok the validity of the statistical tests used since

they are based on certain assumptions about the distribution under atudy;

but 4t is also posaible to go too far in the other dircotion and end wp
vith an oversensitivity which 48 of no practical valuse

The general effect of the logarithmic transfarmaticns (used in this
study) 4s as follows:

(1) they reduce eksw and kurtosis, s0 bringing the data closer to
mraality which 4o another way of saying that they reduce the effect of
aggregation phenomonae | |

(11) they help to clarify the meaning of marglrally significant
- 78 =
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probabilities. - In tho comparisons of extraction data, using the paired
14? test, the significant Aiffsrences were generally improved by transe
foarmtion (this is of course oxplained by the reduction in the varisbility
of the -sample pair diﬂ'erenoes). ' |

In the suwey on the Juncus 57 ai.te, desoribed above, transformation
has been shown to reduce the variance ratio (Tablea k'l & aa) values for
the eample position comomnte, removing ono 5 poroent probabinty lovel »
that for eamplo blockse This effoot agrees well with Cochran (1547)
sho maintaing that data of this kind noed not de transformed for the
amlysis of variance, provided the 5 percent probability levels are
rojocted, ar treated with suspioion.

The effoet of position of the eoil core (in relation to the sample site
gé extraction app aratus} on the gamle moan valug .

In this prelictmary survey of the Junous 57 site, 1% has beén shown
that all the oomponents of varistion in the analysis based on sample
wndt position (within the sample site), ar oxtraotion pos!.tion ar lot;
mio mo significant contribution to ths totel varianoe. " The highest
value of the variance ratio wms found for the sampla blocha though trans-
formation showed thip_ to be mpnclgatv_a. ‘It 1s thorefore conoluded

' (4) tha sample site was free fmm'ob'ilrious.horizon-tal gradients,

(44) the oxtr#ctio# mothod wvas free from obvious inoonéiatenov eithar
botwoon separate m:'aotion lotsz (wvhich due to randonigation of the
non cores, prlur to extraotion, could be regarded as repucates) or l. '
batwen extraoti.on nnlts, all the wet funncls bahaved !n the sawo Wo

f
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Now it is not supposed that all the factors which have bocn L
analysed hn.vo' becn proved oonstant, but rather thoy have boen showm to
exercise no meagurable cffcot on tho estimate and significance of the .
gaxple moane Errors intrinslc in the sampling methods amd extraction
technique used were, therefore, considerod to be random and tho sample .
pean cbtalned was regardoed as a rensonable estimte of the .donqity o .

enchytraeids over the .‘Tuncus 57 areae

2ling survey off Juncus 573 _1957=1958

The prelimimary survey desaribed had demonstrated the importence of
sampling according to'a sound experimental désign and so it was declded to
sample repeatedly in the following wiy:

(1) the five sub-plots, (a-e in Teble 40 ) each 5x3 m. in eize, were
divided up into three strata 5x1 me, mlding 15 strata in all (Table 49).
Pur every 45 801l oores required, one soil core wastakon randonly from each
stratume Generally 45 £oil cores were collected on each sampling occasion
but fower {15 .or 30) were taken when a less detailed indication wes
required of changes in density ar Gigtribuvicn.

g o 49 S_mtifioation,gf the remmle area (Junous 57)
7 for sempling 1n 19571558

| Sample a\__ab-p].ot )
a b o d e
3 |6 ]9 [12 |15
Sampleirow 2 |5 |8 |1 1':
N 1 (& (7 |10 |13 |
«80 -




(11) tho soil cores so taken were randomised for extraction as
previously described, each extraction row of 15 funnels containing
soll ocores randomly arrangod but representative of all 15 atrata.
In this way extraction lotx_s were reg,araéd as sample replicatés and the
effcot of extrdction_ ﬁarlnl;uitj within the extractar and between '
different extrdctions was analyeed. o

The sampli.ng dosign used (atratified random sampling) Amposes
certain special condttions on the calculation of the sample variance;
the moan value, sun of Bqlaros, and dogrecs of freedom are caloulated

separately for sach stratum and then compiled into en average mean valug

with pooled suas of squares and dogross of freedon (Healy 1958)e The
abzence of consplcuous gradients over tho sample area {as determined 4n
the prelimimary survey and borme cut by the work under discussion) .
Justified, hcwever., ths non-pooling of the intra-stratal datae This
was very oconveniont as tho analysis of variavce of the various componsnts
descrided requirca . the 1ndiv!.dual a:mple unit values to bo: usade .

Sampling survey of $he Junaus 57 eite (Mggember 1251)

(a) All species cnxmidered

Sampnng data, cbtainsd i'rom LS son.l cores takan on each of 9
sampling occasions during Hay-November 1957 (mxe 50) was analysed for
the following componentsa

(1) sampling occasions,

(2) overall sample sub plot (a-0) mean estimates,

(3) overall extraotion lot means

(4) overall extraction row man yields (Teble 51)

(5) overall extraction blook moan yields (Table 52)s -

D lgte



Teble 50, Somple, sub~plot and extraction lot means

for tho m:alxqis ‘of vx_r:u:mca

. ———— e e ————— ey

. Date of ", Sample ;-‘ “Extraotion lot
,  sampling hea.na (1) Bample snb-plot meens (6) _moans (D
| a'® o, a,e | 1 12
| Fuber of o I T T
soi.loorel 45 9 9 9 '9;9 ; 30 ' 15
T 45e5 175 167 | 167 | 170 147 | 204 476 1472
| .
56 9N 8| 96100 97| 78 | 80 442
1h6 a8 2061180 | 205| 159 {175 ~ | 4188 |176
25°6 66 sk| 80| 56| 72| 68 65 | 67
1697 475 | 150|186 {199| 169 (172 | 187 [153
| 27 182 191 | 169 | 168 158 | 193 177 1492
' 13+8 216 25k | 244 | 214 | 180 | 216 220 '207
| 1209 221 228 {256 | 215| 218 |187 219 | 22%
[ bn 289 300 | 304 | 261.1 282 L_aga___!__*zp]__'rm -

. Overall ! ;
| 178 }__182 185 177!168:176 i 178 177

Ioble 51. __ Overall mean yield per extraction row

- Extraction row  Total number of Qve:all mean

- ‘ soil cores o o

Front 270 178
Baok 135 177
Coxmponents (2) and (3) only give overell information. Varlations

between sub-plots or extraction lots on the individual sampling

-82 -



Teble 52. Yoan yicld por extraction blook (27 coil cores

per block, 3 oa ecch of 9 esamling occaaions
Extraction - Noan
: block - yield
1 o 170
2 160
3 180
4 186
5 180
6 172
7 182
8 166
. 9 . 172
10 ' 191
" 180
12 170
13 17° .
| :h i 177 o
‘ 191 : .
. SR LA

occasions wére tested by analyoing two further components or interactions,
a method described by Horonoy (1951),

(6) interaction betueon sample sub-plots and sampling oocasions.
This componont was obtained from the sum of squares of individual
saxplo sub-plot estimates {Teble 50) with the sum of squares for come
ponents (1) sampling occasions and (2) overall sample sub-plot estimates
rexoved. o o

Sum of squaros for individual sub-plots = 1720877

Sun of 8quares (1) seecscecess 1609385

Sum of squares (2) eeesesecces 16118

1625503
less otm of squares for (1) ¢ (2) eeees 1625503
sun of squares forr interaction (6) eee.e . 9557k

.83 -




The degrees of freedom for tho interaction are obtained from the product

of degrees of frecdom far components (1) + (2)

degrecs of frecdom for interaction (6) = & x 8 = 32

(7) the interaction between extraction lots and sampling ococasions
obtained froa the sums of the squares of individual extraotion lots less
the oum of the squares for companents (1), sampling occasions and (3)

overall extraction lot estimates removed.

Sum of squares for individual extraction lots oo'o.oooooo
cecsense 1609385

Sum of sguares (4
Sun of squares (2

TS

Less sun of squares for (1) + (2)
Sum of squares for interaction (7)

1637015

158

Degroos of freedom for interaction (7) nl1x8=8,
The results of the analysis of wariance carrisd ocut in the mannew
dssaribed are shown in Table 53 '

is of variance of the sampling

Table
W@Aﬁz
e w0
Hmiffuﬁ;ﬁ:m 8 1609385 201173 5973
ey 4 16148 | 4030 | 1420
(3) nxgg::liix)x lots 1 20 20| 0
(:) :ﬁ;ﬁi :ltké % | 101 101 | 0
(overall R 26089 | 2006 | 0-60
sesbe @ | s | s | o | oo
2;‘2’:::;% ots (3) (1) 8 | 21610 | 3451 | 105
iy DENCH
. o« P<00
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¥ (variance ratio) is 0*% percanf_ﬁ significant for the sampling ococasions
(1) but all other velues are well below significance levels

(b) Mesenchytracus only

Vhen the results of & similar amlysia of vnriame for Mesenchytracug
ouly are inspooted (Table 54-57) the valuos of F are Osf porcent sipnifie
cant for sampling ocoasions (1) and 5 percont significant for sample sub -
plots (2) and interaction (6) betwoen sample sub-plots and aamlhg '
oocasions. | As has ah'eady been stated howeover the 5 peroent aigni.ﬂmnce
level must be treated with caution,

Table 54 . Sample, sub-plot and extraction lot mean values
He racus onlig for tho anmalysis of variance

Date SamPle Sanple sub-plot means (6) Extraction
of . | moans (1) lot weans (7)

sanpling " a b o d © 1 2

imumber o | T 1 1 ' T

solleores | A5 | 919 19 (9 |9 30 15
1595 . ) ) é."g". s Eo? ‘_!é.ag ,,\ nQ g:-a-; :3H-‘i "656 .!.'-‘i"j
506 503 2.1 208 | koo | 3.9 30 To1 369
146 2+8 500 | 200 |3°9 ;21 20 3o 244
256 2°2 1200 | 201 | 301 | 2:4 209 2¢5 ek
167 25 191 {209 [ 3+8 |35 i3 25 2°7
297 28 302 | 407 |34 (205 303 | 341 203
138 . 2¢3 205 [ 202 | 200 {298 2°0 | 202 246
12.9 206 202 3.7 42 3.92.1 205 2.9
614, .| 240 2ol | 198 [ 427 125 1145 1.8 203

- Gverall : : i A N _

means . 207 | 207 12°6 |31 (300 223 | 2:8 - 2°7

-85 -




Table 55. _ Moan yleld per extraction rows - (Mesenchytroeus only) . N

. Extraction row | Number of =oil cores | Mean yield

Pront 20 2.7
Back 135 | 28

1

2

-5 L 2ely

[ 2:h

7 2:9

8 1 Zeq.

9 . 29

10 249

11 3°6

iz ' Fed

13 . 26

12 25 .
5o [ @ '_




Table 57. Axnlysig_of variance of the gomnling reaultg

gt_xown in 'l'able _ﬁh- Tor houcnqueus onlx

: Dogroes . Sum of - Moan - S
. of . 8QuUares | square
o O . frecdom - l , ;
(1) Sampltng occasions | 8 142 17-75 ; 1.-75“
(2) Siunp}’: aﬁl):—plots .. o ] g | 9-.50.' ! 24548 |
. { ' . _- !
(3) Ei(t::g:ﬁ;n lots N 1 2 2.00 : 05k .
h) Extraction rows . | L | l
( (overall) 1 ' 1 100 027
5) Extraotion blocks - .
( (werall) E i 1% 91 3e6h 0.97
(6) Samplo eub-—plota (2) ! ! _
| and sonpling 5 32 185 578 fe55%
occagions (1) y :
(7) Bxtraction lots (3) i .
and sampling ] 8 35 besg | 1417
occasicns (1) g ! _ !
 Reddwd | 36 | 15 | 3™ !

- - . S e ——— =

% PCO00t. * P <005

The comparison of extraetion lots using separato enalyses for each
sampling oocasion'g data for all species

Becauge of the large sizc of the componont for svasonal variution

snoountered 4n the last analysis there was the possibility that this

night have obaourod differencos in the other faotorse Inapection of
the extranotion lot ylclds (Table 50) showed that the biggest discrepancy
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occurred with the sampling data for 5/6/57 and this was therefare analysed

separatoly (Table 58)e The results of _-thié separate analysis showed

Toble 58. _Analysis of veriance for the sample data ‘of 5/6/57

| Source of varlation | dufe | Sumof .| Moan

R
| ok | ' Bquares | square i
1 Extrapti.oﬁ 1&5 1 { 10?+92 | 10492 : \1-0'75
| Reeldwal . 43 41783 i 972 } -
T | s Cve -

the mean yields of 80 and 112 to differ aiamﬁcantlyo Inspeoticn of
the other data (the standard errors already caloulatod for cach set of
15 holped in this ascessment, Table 59) suggested no signiﬂoant
differonces in yicld and the goneral conolugions of the overall analysis
vers vindicateds '

Consideration of tha replicate sets of 1§‘ goil cores

Because of the dosign o the aamp‘ii_ng Yeocnnique i% is possibie to
conslder each of the three sots of 15 cores which maks up the 45 sample
units taken on numorous sampling cccasions through the year 1957 as
" three replicateses Dispooing of all the problems assoociated with
ganpling ppéitiqix end extraotion efficlency (es these have becn shown to
be nagligible) i¢ iz instructive ¢o compare these replicates to see if
any further discrepancies in the _e.a_timtioz; of density are revealeds
Though the replicate means (as already shown under the guise of
extraction lots) were remarkably similar this could not be said of

;o

the variances of the reoplicates on some of the sampling oococasions
(Table 59)e The eignificance of this o called heterogemeity of '
" - 88 = |
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Replleate samnle data 1957

e e . -
)

"Date of " Replicates of | Total ' Significance
sampling - 45 eample uni.ts aamplo . of differonces
l15/5 oan  A7h 178 173 175 nede
SoEo 2 J_Z _ 2 1 . 7 _ X8 = 705 ¢
: Moon 48k 198 18t | 488 1-  n.d.
P 2%/5 R ilg 19 19 | 9 | XR g25e6 oe
~ i(ttean | 82 112 | 91 ' F = Geh2re
6 sk |8 710 5 ¢ 1o _:*1-97
! " (com |18%' 19k | 176 T neds
14/6 (8. 12 | wl 1 8 .| Nede |
25/6 |(Mean 51‘79%67 66 Fu 204
S CC U - IR A A L
27 Mean | 59 i 54 | 62 59 | nede
; Selle | 7 ! 8 | 9 5 1 795 19
S SRS TR o

Bean (188[185(453 | 475 | P = 176
197 23.1;,_ 16! 13| 15 9 1 " na
- - 1'-_. - —_ = - -

(Mcan | 180 1160 | 192 182 | Bede
/1 [(Sakis 1% : 15 i 16 | 8 | n.d.

Her 23 | o . Nede
1ye lé:ffn | 2:‘ :""2,_8 20_% ; 2;3_ 3 ‘__;ﬂ_fj.;:;z;ga-.-
yo/s  {Mean |218 1221 224 | 221 n.d.

SEBe | 1918 13 | 10 | x® =208
| &/ iﬂean 309 265 201 | 289 Rede
R (85, '3 18 22 | 12 . 2«09

® PL0*05. ** P<0°0l,
nede « not dotermined as inspeot!.on suggested no s&gniﬂcaut
differences. .
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variance was crudely tosted by Bartlett's test (Snedecor 1956) which
ocompares (al times tho logarithm of the average mecan square of the
mumber ('a') of replicatos with the sun of the logarithus of the
separate mean squaress Fz-om the difference in these two values (using
carrections for tho use of ardinary 1ogar1thns and for a sught bhs)

a valuo of X* 4s obtaimd, as foum-:s: o

X% w 203026 (n+1) (a log o® «Slog &)
Carrection faotors -0 = 1°03 (for throe revlwﬂteﬂ),:',. .
Correoted X9 = X2/0 o | |
Degrecs of freedcm = 2 (for three replicates)s

When heterogensous variance has been proved, weightod meen squares should
be used in determining the variance ratic for testing the significance of
somple moan differencess ';I‘he'extent of the heterogensity vas however not
great (Table 59) and the anly cbvicus sample difference caused by a
dﬁforenea in extraction yield has already been dealt with and was un=
affeatad by hstermenaity in a.n;r oaps

m.scusim
Tho everall analysis gives similer rosults to that cbtained by the
prelininary survey, excopt of course that the analysis is dominated by

the large axd only aﬁ.gntficaht component far scascnal variation. All this

data has mealed no obvious error in the sample mean estimates (with the
exception of the one oocasion of 5/6/57) and no obvious gradiont in the
horizontal distridbution of the enchytracidg in ths site.

u9°-'.
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Heterogeneity was found in the separate variance of replicates.
though these did not effect the mean values and it is thercfore
attributed: to the effect of the agrregations; the pams mean value
boing obtained from many moderate values (giving a low standard error)
or from a wider range of values (giving a high standard error): combining
this infarmation with that on the horizontal distribution it may be
ooncluded thAt tho aggregations must have been dispersed randomly over
the sample area. - A

Jesenchytraeus only

This general picture is not quite true when Mesenchytraeus is
oonsidered separately because apart from the scesonal variation in
numbers the 'P' values for the comple cub-plots both cverall and f£rom
tine to time (interaction) are sufficiently large as to ouggest¢ patchie

ness in the horizontal distribution. This may be explained as followat |

(1) the amllor numbors involved make differences more cbvicus,
(11) mieroscopic cbservation is required to separate the smller
0 asus from the other wormse These ave aot inoluded in thim
data, therefore the patchinesa may have becn caused by variations in
ago and thorefore their chance of recognition throughout the year,
(114) Megenchytracus is & mch less generally distributed species.
than the dominant Enchytraeoidog and may bo more specifie in its
requiremsnta and therefore more sa_nsitive to variationg in the enviran=. .

nent,



(b) SAMPLE MEAN VALUES

The general statfstical troatment and significance of the sample |
moan values has been discussed in conngotion with horisontal distrie
bution. ) :. 'I

Mogonchytraeus and Fridericia are considered separately a.a well
as being included m tho total estimtos vzm.ch in pra.oti.ce are estimtea
o §_n_c_l';nraeoide§. ' '

" Apart from the well known pz-etereme of sou dwelling aninals for
the top layers of tho sou, prervlous wark on enulwtraem quantitative
.aampling had demstrated that 56 cime deep 5oil ccres wore enough
under normal conditions to sivo a repreuentat‘lve donsi.ty ostimate
'(Malen 1955a) « Prelininary sa,n:pling, to be described, onabled this
prooeﬂuro to be adopted in the present mveetigation. Deeper samplea
| (dm toa mx!.m deptb of 30 ome) were taken during ‘conditions of
@rought and oold as well as at othm' timos of expected, or obaerved,
flux in nusbers - ma gave information on vertical diatribnttone

FParther evidenee of this sort was obtainea auring the perioﬂ 1955-4957 ‘
. by tho separate extmction of sub—samplo la.yers, made neoesaary by the
Lnited capacity of the extractorse . _ _
Estimates were obtained in early spring, _eveﬁl y@, and it is
hoped these will continue to be mﬁe. ." ' |

Results of O-6 om. sempling
Thege samples were taken throughoujt tho period of study 1n the manner
desoribede  Where mare than one set of . samples were taken (as for the

oompariaon of extraoti.on mthoda), then the hi.gr,hest esttmtes were ¢ aken

as the beat (Mgs. 26, 27 & 16). Attempta have been made to carrelate
-.92 - -
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soms of the 0-6 cm. results with climatio faotors, such as rainfall for

14 days previous to sampling and soll temperature on.the. sampling day
(Tables 60-62, Figs 29).

1956~1957

Significant variations in number throughout ths sampling period
were found on all gites. RO

The Juncus 56 estimatos (Fig. 26, 'l‘ghla 60) gt 126,000 per of, in
the relatively drier spring, increased with the advent of warmer and
wetter conditions to an early September recorded peak d.' 2)+8 000 pexr =P,
An antum, winter deoline followed and the numbhers had droppcd to
134,000 per =® by the following springs A si.mlarlva{:.-igti_.m vag
ebserveﬁ for the Bﬁrg peat sample site (Tablé 61, E‘ige __"56:)5 .

Table 60s  O0-6 ems sampling data for Juncus 56
and climatic faetors 1955-1951

Date Numbers Tempernture Rainfall for
1956-1957 | (thousandg/w®) - at 23 Oie provious
S| (R | 1k days (ins.)
282 8k . , 2'5
=3 125 o - 35 . Be2
2h b 126 40 , 08
295 B & P o YA '0°3
12.6 - 123 50 16
257 186 sh 1-8
9.8 198 - 52 1 be9
12.9 248 50 24k
10.10 199 46 k:z
12.14 - 460 Y Y © qely .
1112 152 42 L 42
3501 . 1% . 37 : 5e1
4e3 134 % 32
-%-
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Toble 61 0-6 cme sample data for Dave peat
and climatio factors 1956-1957

Date % Numbers Temperature Raint‘all t‘m.-
49564957 | top 2 eme | thousandg/m® | at 30 ome previous
235 19 .o 12 b5 2.6
228 |° Th Y 52 ~37-s'
59 |6 " | . 3 55 | .t
1414 | 29 .. 28 2 302
133 | .. 33 a3 | ae  qe2

Alluviel grassland pesk figures wore cbtalnsd in Oetober (Fige 46)
but no peak figure was cbtained for Nardug samples as the murhers ine
oreased right throughout tho sampling per@od.

Mosenchytraeus, cbﬂétder‘éd seoparately, ghowed no ciea.';' scasonal
trends (Fig. 28). Mature Fridericia (Table 62) reachod a peak figurs
in Auguste | | | '

Egga.e 52. 05 cme summ.e data for moiure rriaericg
— An Alluvial greggiend sampleg - .,

Date - | ﬂumﬁers
1956-1957 | . thousandg/u’
2345 o0 .
. 3068 '.;.-.-'--1-07.-._

2440 0+68 -

1e14 . |- - 05T

hei2 - 001

6°2 0
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1957=1958 .

Dofailed sampling was carried out during this period om Juncusg
51 sample are3e The sample means obtainsd hore correlated with /B
values evaluated from the previous 14 days rainfall and cbaerved
evapuration readings (Fige 29 and Table 63)s It will be scen that the
- valuo of the carrelation coeffiolent was improved by suitable transfore
mtion of E/E valusge Pige 30 shows the Mesenchytraeup fluctuations

considered separately, -

Table 63, Correlation coefficient for F/E valucs and 1
means cbtained from Juncus 57 samples 1957=195

B/E data Volue of & | dufs (n=2) | P <
Untrmlsformd . 0*45h 20 Q<05
Square root . | ' Oe

| transfo rmed 0s602 u 20 001

The correlation vas caused by:

(1) a sharp deorease in sample mean walues vhen E/E ratios fell below
unity, followed by a recovery whon E/E increased beyond unity, as in
June, early July and early October 1957,

(2) a gensral tendenby for the highcst mean values to be found at the
wettost times of the year = 280,000 per o in ecarly November 4957

Other ﬂuotuati.ons less easily nttﬁ.ﬁted to B/E changes weres

(1) en Aprn-l!aw drop in numbers tron 235.000 to 186,000 per o
both in 1957 and 1958 ('l‘able 6h). |
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Teble 6b. _Sample data for Juncus 57 cbtained in 1958

Date | thousandg/n® % &n top 2=3 cm.
| 30  EBE -

1545 182 &

2005 182 1. .97 Y

2.6 | 158 - |- - 8 -

*14,7 - 183 .8

" ¢ poil cores 10 ome deép, othervise 6 cme. deope lw_I.B.' 'Sample data,
for the last four sampling occasions, obtained from samplos taken
by Dre Je O« Oculson for the extraction of aman_ti_pulﬁ larvaes

(2) a late Decomber decrease ascompanied by the onset of wintry
conditions =~ particularly freezing of the ground, followad by the
reoovery recorded at the beginning of the spring 1958. |

Resulty of armmual O-6 ome sampling in spring

eprmg estimates taken to be 'fa;i..rl;r reprecentative of ths awverage
annual density obtained for thfee consecutive years show that the Juncus
sitos have a fairly constant, avarage' density whercas a promounced inorease
coourred 4n the Nardus avea (Teble 65)e This incresse is compared to the
B/E values for the preceding August of each year considered.




Table 65. Spring estimates for threc consecutive years and
computed F/E welues for the August ggcccdgg each spring

 Year Junoug 56 | Thousande/ud Hardus B/E
- Juncus 57 - | for preceding
. - August '
1956 | 126 ¢ 15 - ] 371+£19 © 07
1957 | 147 2 32 227 + 30 12 s 20 6+6
1958 | 155 19 257458 | 20+ 36 be3

Rogults of sub-dividion of 0-6 ecme samples 1956-1957
The necegsary sub-division of O-6 cm. samples, in 19561957, far

extraotion has provided data on the distribution of enchytraeids withe
in this depth.

The top layer, about 2 cms thiok, is meinly composed of littér
(I+F) in Juncug and Nardug samples whereas in Bare peat and Alluvial
gamples 4t da Jut-;- of the soil cors in which no clear horizons exists
~ The bept estimates for each layer have becn compiled into the last
golumn of £igures shown in Table 66 whers the mmbér extraoted from the

| top layer is expreased as a percgntage of the tota} number extracted
from the 6 om. deep samplose

When . tho cveran percentage diatribution 15 conaidered throughout
the year it is ocbvious that enchytrae:.ds were predominantly distributed
in the top (1itter) layer, where this doss not exist = as in Bare peat
the percentage occupyi.ﬁg the toé 2 om. is much lower. ‘l'he figure 18
highest for Nardus gragsland whore the 1itter layer !.s. disareet and
and easlly separehld.- | '




cseMraeug oand Fridericin showod a decper distribution with

lower percentoges

in the top layere

number of worm in top layer

” Table 66. Overall %
0=b ome 1leg 19561

L

%MtopZQm.dwxgp}e-

-
Nielsen msthod

Beat estimates

i

Sample area Vot funnel method

(Ail speoics)

Juncus 56 3 60 63

Bare peat - 43 43

Alluvial grassland - 59 59

Nordug graseland 81 73 m

¥esenchytracus

Juncup 56 30 2 2
Eridericla - -

Alluvial grésaland - 2 29

LS

When the percontage number extracted from the top layer is considered

throughout the year, (Figs. 31 & 16, Tables 67-69), it appears that a

summor maximum percentage was assoolated with warmer and wetter conditions,

though this is not olear far Junoug 56 results, possibly due to the

d4friculty of asparating the litter from the peat in these samplose

Pige 16 ghows the relatianship botween high densities and high peroontage

numbers, in tho top 2 om., for two sample sites.

-98.
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Table 67 % in top 2 om. of Alluvial grassland -
samples and olimatio factors 1956-1957

Date | % 4n Temp. at Rainfall for

1
Citbanss by, sl A ot st

1956-1957 | top 2 ome | 30 om. (“F) | previous 14 days

y . _ (ins.

235 2 L5 206
392______r 76———:-‘— .50 55
2410 72 | . 109 3’7
1°14 - 67 b 3°2
he12 60 40 30
62 56 37 6°5

Table 68. % in top layer of Nardus grassland
samples and climatic factors 1956=1957

Date | %4in | Temp. at © Rainfall fer |
1956=1957 | top 2 ome | 30 emo (°F) previ?us ‘11)» days |

1he3 63 35 32

56 | @ .7 e

LKy 88 . 5 36

59 87 49 37

1810 84 |- W6 0-8

2714 7 . . | 38 | 107

1262 - I 37 . 5t

11h 6 ko 1+7.

. @mlated with perSentage in top layer » = 0°841 PL0°01

-99 =



Mw_ﬁemhﬁmeue in too la latcr r of Junous 56
_ggw_!nies and climtic factors 1956=1957

' Date | fin T Tompe at * .| Radnfail for
1956=1957 | top layer }0 cme ("F) |previous 1k days
| P L ~ (inss)
----- 1'}', . - 2 I BT 35 s 3.2
2ol -7 % 0+8
126 2 . 50 146
17 . 13 50 12
257 37 5k 1:8
98 | 23 52 b9
129 | b5 50 2
10040 | 2 AT b3
12011. 33 k2 ik
1112 22 _ k2 ho2
30-1 8 37 -1
b3 a2 56 . 3e2

et s m e s a4 ke e - - B OV SCR |
E .

® correlated with percentage im top layer
r = 04687 PL0:02 . -

In mid-December 1955 a block of peat was divided into sample units -
. and the frozen top 2¢5 cm. were extracted separatoly. Out of a total o
381 worms in the blook only 12 were. extracted £rom the frozon layere .
This may be contrasted with tho high percentage normany extraoted under
waraor eonditi.ona fron the top layer

" @100 -
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Rerults of decp pempling
1955+1957 -

Prelininary decp sampling in tho sutum of 1955 showed that
gensrally over 75 % of the total: numbers exﬁraoted ocourred in the top

6 cms (Table 70).

' Table 70. % vertioal digtribution of onglgﬁ rtraeids. 1955

Sample arce | Date | __ Soil depth '

Bare peat. 7410 ;6 S‘h o
| Calluna | be10 | 82. | 18
.| moor 7911 o 9

Alluviel 509 | 95 5

grassland | 94810 | &5 v -

Sampling on the Juncus 56 erca in winter end cpring 1956 (Teble 74)
revealed that over 80 percent of the numbers recorded were from the top
6 ome of 16 om. deep -samples.‘ Howevor, .on the colder winter sampling
ocoasion the percentage numbers of Mesenchytreeus were much lower in the
top sample layer. o .

' 'l'gbig ral E vertical distribution of enchytraeidg
in the Juncus 56 scample site 195

Date | ] Mox-Hin
1956° | 0=6 om. Ge11 om.| '11=46 on. monthly
3 tomp. (°F)
Al species 3084 | 6 43 6 5
: | %98 90 9 1 ‘_05
Mesenchytracug 3081 3 L3 - 26 - |- - .3
only - 2915 9b 5 1 5

*. B/E on both occasions. greater than unity.

- 10 =



19571958 |

On eleven soleoteé sampling occasions, out of a totel of 24, desp
sanples were taken from the Juncus 57 arca, down to a maximum depth of.
30 om., although this depth was only sampled where nccessary (Table 72,
Fige 32)s  Over 96 porcent of all tho worms extrected from 12 ome deep
cores were from the top 6 cm. on all but three of the elov;m sampling
occasions. The same results were cbtained for Mesenchybracus considered
separatelys |

The dowmward movement of these soil animals was correlated with a
B/E value of less thon unity (Table 72). A trensformation carried cut
on these F/E values improved the corrolation. '

Fable 72, % vortical digtribution of enshytraeids 195719568

—— e - — ‘

. Soll layer _
Date - 0=6 cm. | 6=12 cm. B/Eo*
25.6 3% (80) 66 (20 " 0008
. 247 50 (70) 60 (30 Oekly3 ) Dry soil
9.7 ® 48 (64) 61 (Lo 0995
25,7 - 98 (100} 2 (0 2¢5
. 1948 99 (100)- 1 (0).| 115
2549 100 (100)) O (O 3eq :
22.10 98 (100) 2 (0 33" Vet sold
22411 96 (100 4 (O o)
9e12 100 (100) o0 (0 247
28.42 90 (91) 0 (9) | frozem
304 100 (100I 0o (o 5>1.o

HBo Figures in brackets refer to Mesonchytracus only.
® deep sampling on this oocasion showed worms deoper than 12 oms, the
percentage of the total population in the top 6 cm. was 39 for all

species and 61 for Mesenchytracus only.
** caloulated for the 14 doys provious to the sampling date.

r o083, dufe =7, P 0401
' - 102 -
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The depth at which worms were found in early July 1957 was abén_t
25 ome | ' |

In 1958 Table 6k shows that from J. C. Coulson's sampling date,
high percantages of the numbers extrioted cccurred i.n the top 2-3 one
During this period P/E values were greater than unity, contrasti.ns to the
situation in Juno~July 1957+ o

() VERTICAL DISTRIBUTION

Sumnary of information collected from sampling dats
From the sampling rooults given it may be concluded that over 50 -

perocent of the enchytraeids extracted frem O-6 om. gamples were present in
“the litter layer (IL+F) where this wus prosent. Mesenchytraoug and

Fridoricia considercd separately were found to prefey a deepor distribution.
In Bare peat and Alluvial grassland samples there was less tendenoy for
high psrcentages of worms to be extracted from the top layers

The scasonal variation in vertiocal distribution within the 0«6 om.
sampling depth gave a sumrer maximum percohtage in the top 2-3 cm.,
particularly -1n the sm-xiar and wetter August, in many samples this was
coincident with an increase in numbers extracted and might be linked
with age {iistribﬁtion. . mn deeper samples were considered it was shown
that the mmal 0-6 om. sample depth inoluded most of the worms prosent
excepta

(a) under very oold conditions when the top layers ot ths soll

. were frozen, particularly with exposed sample areas and |

with Mesenchytraeug.

=103 -




(b) undor conditions of drought, when F/E values foll below unity
‘ad they 4id in June~July 1957 far the firet tims eince August
1955, o |
Both these conditions \;ere accom;oanied by downward movemcnt and a
resulting charp drop in O=6 cm. sample mean valuese Where similar sharp
drops in sample means ocourred, accompanied by these conditions, but with
no deop sample dat;. to demonstrate dowmward movement, such movement was
assumed and estimated (shown by open ciroles in Fige 32)e Two further
cocasions whon the worms my have becn prosent below the 6 cme decp
samples are suggested - in ecarly June and early October, both during
drought conditiongs Further, it wes assumcd that whon these conditions
were not in operation the population was correctly estimated with 6 om.
deop soil coress Using this approach in 1958 it would appear that no
dowmvard movement, c&mparabb to the previous year, took place, the sample
means do not suguest 4t and the relevant E/E ratios were groater than
" unity. . : ' e

Disouszion on vertical distribution

The most striking foature of the vertical distribution is the great
congentration of the enchytraoids‘ in the topmc_:st layors of the soil.
This has also been reparted by Nielsen (1955a) end 0'Comnar (1957) and
is fairly true of the soil faumn considered generallys Since gampling
has revealed changes in the &istribut:;.on caused by, or cohww’ent with
olhﬁtio reversos, two problens require disoussions

(1) what makes the worms nove deepar?

(11) and why do they go back to their forner superfioial aztrzbuﬁcm

- {0} -



The answers to these two questions will help to axplain tho vertical
errangemefit of vorus in the soil; as well as to link with wark on the
physiology of these animals. .

(1) f_)owma.rd movement - desiccation

It has becn ghovn that the worms move downwards as the soil driles,
presumably they ﬁéve to avoid deniccation. Ivieva (1955a) hne chown
‘that Enchytraocus albidug will actively movo from dry soils to wetter
ones, provided Gesiccation is not immincnts Nielsen (1955a & b) did
not £ind any subatantial downward movement in Danish soils undcr very
dry conditions, this llack of a olear response being attributed to tha'
abgence of'a woll defined molsture gradientes Vhen the soll moisture
was as low as 8 perccnt the worms studied by Ivleva (1953) rolled up
into balls and did not actively prefor incronsed soll moistures Perhaps
finding looal_comentratima of alightly increasod ﬁistue the worms
remain thore, as suggosted by Nielsen (1955a) rather than reacting to a
’ n&e general gradient. O'Connor (1957) attributos changes in percentage
_vertical distribution, under drought conditions, to a dearease in tha
s-overity of mortality with depth, rathor than to active movement in
| ‘response to drying ogt of the surface loyerse The discrepanoy in the
three separato studies on the enchytraeids may.agaip be explained in.
torms of difforencos in sampld arcass _ ‘

The Junous site, where the deep sampling was carried cut, was
narmally very wete Referonce to the soll profile description (Teble 5)
shows that an impedance to drainage is caused by gloyed soil at¥ 42 om.
Under dry conditionas only the aurf@ loyers are affected, the underlying
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peat will always remain waterlogged or molate Tho moisture gradient
can therefore be expooted to be quite steep at those times of dovmward

movezsnt from the dry litter, formentation layer and crumbly upper peat

to the wetter peats bolow. This is contrasted to both the Nielsen and
0'Connor seumple areas the former well drained sandy soils, the latter a
ailty forest soil vr.lth a relatively alight 1mpedance to drainage. Mare
1mportant atul 15 tho medium into whioh the ammwardly moving animalg
penetrate. In the sits this ws orga.ni_o and presumably foode
containing, but in the sites sampled by Niolsen and d‘Cmer the lower
(mineral) leyers could ha.rdly be expeotéd to contain much arganio food
materiale The same limitations would apply to the grassland areas
studied on the Moo House rescrve. conaider!.ng the annual densitiea
recorded for two and three year periods (Table 65) it would appear that
the exceptionally dry sumser of 1955 had a mwoh greater effect oh the
populations of Nardus grassland than on that of Junous 56 arca, either
due to the deoreased desicoation threat on the moister Juncus site, or

because of the avoidance of desiocation by dovmyard movement, as

(b) ecold
A similar dommward movement to that described above has been shomm
to occur when the site was oxposed to freezing oconditicns, particularly

with Mesenchytracus and with the worms found in the Bare peate To a

considerable extent the thiok vegetation mt of Juncus and Nardus
provents thie underlying soil from freezing hard, a protection cone
spiouously abgsent from the exposed Bare peat. liore extene_!.ve information

1s lacking tm account of the difficulty of acgurate sampling and
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extraotion as well as tho inaccessability of the reserve under severe
winter conditiongse The milder winters of 1956 and 1957 made tho
conditions nentioned above rare to aanple. S

(11) Upward mov ment (a) return of wet eonditiorg _
The worms mved back to their former &i.stri.bntion, when the drought

onded with E/E ratios agein greater than unitye Ivleva (19532) gives
| the value 21%-22% as ihe.Opﬂmun soil ﬁoiture, to which raous
albidus will mv.e from varyingly molstened soila, further {ncrease in
goil mlsfure was injurious. JIvlieva éxplainad this aa boing caused by
the filling up of soil pores by water and the eonsequent disturbance of
tespiratory facilities, such that the experimental animals moved out,
undor these conditions, on to the walls of the test apparatuse 4
" similar movement from waterlogged samples was observed during the
oollection and storags of zoil cores in polythens bags 1956+1957. Many
. of the total worms present in the soil core were cbtained by washing the
internal surface of the bags This outward movemont from the soil core
- oould take place in less than an howr froum collection and only occurred
" with rea.liy wot s0il cares. | It is sugpested that the return of wet
" conditions and the consequent waterlogging of the peat foroes tho worma

" %0 veturn to the surface layers, presumably for respiratory reasons.

(b) warm wot conditions
~ Under warm and wet conditions the percentage nnmbers occupying tho
top layer (0-2 ome) of soil ceres extraoted, inorcased considerablye.
Thia 4s partly explained by the inarease in density which occurred mainly



in this layer but is also direotly related to the climatic factors mentioned,
espooially the Nardus values. Ivleva (49532 has again ghown that
Enchytraeus albidus preferred an 6ptimum temperature of {7°~18°C. (about

63°F.)s Experience from extraction tec!irﬂ.quea has shom that temperatures
. of over 25°C. (75°F.) are lethal if p:_.'olonsed-f.--,,Durina'tha period of
study, temperatures in the soil rarely reachod this figure and the up-
ward movement, as desoribed, wight be rogarded as a positive response to
warner temperatures under wet conditionse.

Enchytraeid worzms have been shown by &her workers to be sensitive
to moisture and temperature changess As Nielsen (1955b) renhrks,
these two faotors cannot really be studied separatoly in nature. With
.their leck crt outicle, their pemanexitly molst skin and their restriotion
to moist habi.tai:s', it is not surprising that they aro so sensitive to
desiccation, and that changes in vertioal distribution throughout the
year reflect this sensitivity. S

(5 SBEASQNAL DISTRIBUTIORNR

Sumnary of information collected from sempling data
With the knowledge of vertical distribution, and the effeot of

changes in it, on the valus of 0-6 on. sawple means as estimtes of
. population density, 1t was possible to soparate changes in seasonal
distribution from changes in vertical distribution, the former being
desoribed as followss - _ _
195571956 = a deolins in number in the very cold months, which may
have been due to ,nortality cr downward mvem;nt,
1956+1957 = a period of mo, or low, increase in numbers up to July
| followed by peak populafions recorded in August-November, v
0 a8 | .
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with an autum return to the pre-peak density (except
with Nardus samplel whioh alwwad a ateady recovery with
" no peak value),
1957 - an April-May drop in Juncu_g 57 mmbera (as shomx by monthly
" avorages Fige 53) followo& by an Aqguat h‘m'aaae reachmg

. maximum values in autumn,
1958 - a aimilar drop in numbers in early spring vas recarded.
Fige 34 shows the oorrelation between a running P/_E mean (over two
nonths) and monthly average density estimtes for 1957. Both this and
" the olimatological correlations for 1956 (Tables 60 & 61) show that the
greatest inorease in numbers started with the wotter and generally
warner months of July ard August in both the yeers 1956 and 1957, The
spring and antunn desline in mzmberé recorded for Juncug 57 and Junous
56, Bare peat. and Alluviol grasslosd samplos respoctively was not correw
lated with any ohvicus climatic fastor. A small decrease in numbers was
. obgerved in winter samples.
The result refers really to Enchytracoideg asphapnetorum as this forms
‘the dominant membor of the family in the loor iouse soilse Vhen the
" Mese racus figures are examined separately, it is difficult to discera
*" @ trend in the 1956 resultss Tho figures do not represent a complete
population estimte as only the older worms were considerede The summer
peak of mature Fyiderioia agreos with Nielsen's (1955a) cbservations.

(6) unnux. nxsrn:nurzon
~ VWhen the anmzal spr.lng denaitiea for Junous aites are eompared a
'romrmle eonstamw 1s cbtained, over : the thzeo yoars of study (Table 65)e
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Thie does not, however, apply to the L__g alte where a spootacular
incroase i.n nuzbors occurred from year to year correlated with the
wotter sum:ors of the yoars 1957 and 1958, as opposed to tho very hot and
dry July and August §955.  The wqﬁwr in thoso wonths 4s mentioned as
this is the timo when the pouul.zxtﬂ.on is wost likely to be increasing « if
conditions are favournble as they ware in 1956 and 1957, 4 simdlar
increase 4n donaity has-been-recordsd from 1956 to 1957 for Alluvial
grasslande | |
(7) Ac2 DISTRIBUTION
| The mean live ﬁeight por worn extracted vas takon as an indicator
of the age distribution of worus when differing eample moangs were coie
parede o | - |

Seagonal variotion in mean yoight

A significant drop 4n moan weight, in 1956 and 1957, of Juncug
samples was coincident with the increase in density rocorded (Table 735,
Pig, 35). This information conflsts the realily o he scasaad

variation dosoribeds

zg @ 73« _The significance of scugonal cmnj;:g;g
W worn from Juncus parnleg

Sample erea | d.fe b P'<
A1l spocfes - | Junous 56 - | 3+2b | 485 02004
| qumast | 39 | 57 | oo

!.aem_esa only | duncug 56 3416 | 22:7 | 0°00f

" Although tho moan woight per wora droppod es the population
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1meased, the inorocaso was aocompanied by a rise in the value of tho

blomass (Table 76) which for the Juncus areas was up o 10 Q/nP higher
at the peak than at minimum densitles. : It is difficult, however, to

aaseas the validity of this as will be discussed later.

la_g;gx_i:__iqgg in w.eiggt.gg_' mrms'éxtréi;fea-from difféi‘ént depthg

- It vas obax:ved that tho youngworms were missing from aeeper
samples and thig was confirmed by weighings carried out m July 1957,
which ghowod a statlsticany stgniticant di.ffcrence 1.n mean woight bee
twoon the aamplo depths, thore batng mre you.ng wormg in the top 6 ome
('i'able 7%) .

acug

0=6 0017 3 04029
618 0=22!¢ e 0'00'»

el |

17=8 dafa =1 5 P 9°01

Sample site varintion in mean weipght

\‘lhan the mean we!.gh‘hper worm for different samplé areas are compared

at peak denstty periods they are proportlonal to the donaﬁty = the
h&ghor the htter tho Lower the méan might ('rable 75). T

-1if =
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Table 75 _Mean weiphts per worm for different sampling -
areas at peak population periodsg

? .« e - e e e - ————

' Date . Sampling areas & :lMean weight .  Numbors
; ] | perwora | (thousands/u’)
| 1457 | Junous 57 | 0e160 261
56 Juncus 566, | 00189 . Gt 239
11/56 yg_r_gg ,' 080 T fv i 96
&56 | Barepeat | - 024 | 49
56 | Aluvials 0225 %

- - e et st g e - G

*Mesenchytracus exoluded
-#9Fridoricia excluded.

Yariation in mean weight from hig}g to low density patchos

The mean welght of high éénaity gample unit worns (0°209 =g.) was
higher than that (Qﬂé—k wge) of low dengity sample unit wormse This is
tha opposite of the expecfed i€ 4t is assumed that high density egprega=
tions contalin more young worms‘. A better mmca ct’ amessing
differences in age atruoturo is required.

Reliability of mean welrhtsg
The weighing of live worms is open to obJeotion, becauss of the

indeterminate quantity of water lost ar gained by the worms vhile being

_prepared for weighinge A far greatcr nource of error in this wark was the

differential mortality of the worns whtle avmittng treatmnt and during

. prepaxrations Thias and the handli.ng di.ft‘i.cmnties suggest that a larger

proportion of the sumall wormsare lost. The mean weights, and therefare
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the biomss estimates may be- somevhot overestimated. In addition the
‘weight per warm is high, compared to Nielsen's (1955a) and 0'Connar' s
(1957) values.

(8) ECOLOGICAL DISTRIBUTION
Table 76 ahawa that the densities and biomaps wore highest for the
Juncus sites and least from the Bare peat and Alluvisl sites. (The
Nardus numbers have since increased.)

. Iadble 76 Iive biomas estimnteg for pesk densitiep

i Date

. '“Sa.mp_l; site ' Live f:eight Nubers | ,
L1 g/ (thousandy/uf)
W51 gmawss? ¢ s3(2) | o |
! 9/56 ‘ Juncus 56 ; 51 (6) i o8
E 11/56 ! Hardug i 17@ . 96 ®
. §/56 ' Allvial ¢ 45(40) 25
!'__3/55 Barepeat 10 | T

NBe Figures in brackets refer to Mesenchytraeug included in Junous
- gamples and Fridericis in Alluvial samples.
® Egtimated inoreased to 35 g. (204,000/1®) by following spring.

GENERAL DISCUSSION

Seagonal, ammual and agce distributiong
Violent fluctuations in numbers have been shown to ocour, both withe

in and betwoon the yearse Although attempts have been made to relate
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thece fluctuations in numbers (which represent changes in the birth/death
ratio) to obvious olimatic factors, in the discussion which follows it
is painfully obvious that as with most goil animals it is only possible

. %o talk in the mast general terms at this stage. This is ‘largely duo to
.tho absence of detailed information on the biclogy, partioularly the roe

productive biology, of theso:moorland cnshytraeidse
Thres aspeots of these fluctuations 2y be oconsidereds
(1) the inoreasé in numbers which cocurred in all tho sites
during the warmer and wotter montha- of 1956 ard 1957 and led to an
autumn peak, wﬂ.th ‘the oxception of ____l_x_s_ grassland, |
(11) “the return to pre-peak densit:l.os which mdtate]y followed tho

' peak (as in 1956, except for N dug) or ccourred in the following spring

(as in 1957 and 1958 for Juncus 57) without relation to any cbvious
olimtic change, _ | '
(441) the exceptionzl riss in Nardug grassland densities in 1956 and

continiing through the winter. -

The peak densitiss recorded by Jegen {1920a) and ﬁ'iaiéea {195h, 1955)
wore praceded by pumner mi.ni.m duri.ng uni‘avouably dry spolls. In somo
areas in 1954 Nielsen found that nearly all tho vorms had been killed off
vithin a fortnight of the commencoment of droughte. There was no signifie \
recard of summer minima at Moor House during the period 1956-1959 becauss ‘
with the exception of the hot and dry July-Augist 1955 {Just befare tha
start of this study) and the dry Juns of 1957 (whon B/R values fell below
unity) the last three and a half years at Moor House have been wot and the
suzners moderately warm. - 0'Connor did not reocrd summer minima (apart
from August 1955) and suggests that the abgence of a yearly drought in

o 4l -



Ne ¥ales was responsible for both this and the earlier peak. In the
sandy Danish soils studied by Nielsen (1954 & 1955a) drought was an
ever=present threat to the worns in the BUmOTe The better proteotion
vhich the wet peat lites aft‘ord has already been discuaaed Ln connection
w:l.th vertl.cal distribution and i.s oonneoted with the stahility of the
nugbers reoordea from these areas frcm year to year. Tho 1mreaso of
Nardug estimates following the summer of 1955 suggests that m uineral
soil sites at Mooar House (m\d possibly in exposed peat sites)a. summer
minimm density ocours under adverse .climtﬁ_.a conditionse It is not
aréued that the worms in the Juncug sites never dis of desicoation but.'
siuply thet this fastor cannot be of great importance in affecting thelr
abundance. | _ | _

There wae eome drying out of the Juncus site in June~July 1957 but-
tais only affected the vertical amrzbatspn. It 1s suggested that the
later in the summer=-autumn perioa the drought occurs, the mm'e lethal
_ its effeot, for as the summer advances thore will be more young worma
present. Young worns have been snovm to oacupy the top-most layers of
the soﬂ..' TFrom the deeper distribution of worms 1n the drought of
1957 1t was found that the larger worms were relatively more abundant
v;th depths Perhaps the youn:s worms‘wmot_pelnetmté the dee'per
| h,yera and are therofore more sensitive to olimtio aﬂve_rsi.ty, although
éa differmg phys:.omgy may well be the exp:.anauon. _

No obvious climatio t‘a.otor, it has been ment!.oned, can be namsd to
explain the returan to pre-peak values, for if the Nardns demi.tiea can
mcreaae through a Moor ﬂouaa sutum and winter (as they asd in 1956-
1957) tne.n climate eannot explain drops in density, in tha Jumqg sites.



Densit e

For some years now the éonslﬁie mechanisms of population control
ha.vie" been the gubjeot of prolonged decbaie and speculation. . The most
mportant_diffege_ncea of opinion are.based on the relative influence of
‘density dependent factors' (factors which operate in-relation to the
density level) end *density independent factors' {factars which operate:
regardless of the density level),

The so called 'competition school' maintaina the exclusivensss of
denoity dependent factars in the ultimate £ixing of density levels, though
. density independent factors moy determine the population density level at
w'hich' thé appropriate density dependent factor cperates. " fThig approach
15 grounded in the early parasite-host population studies (Lotlka 1925,
Thompson 1927=1930) qr in the laboratory studies of -animals competing for
. a limited food supply {Causs 1935)e It is alzo a deduotion from the
44eas of Derwin & Malthus, partioularly the latter's classical 4dea of
exponsntial inorcase leading to over-popu].ation'anﬁ ptarvatione - The
logistic eurve (Vorhulst 18kk), the competition eurve (Lotks 1925), the
{dea of Gausa's hypothesis and tho mathematical thsory of Nicholson & -
Bailey (1935) are all generalisations of this approach. - Nicholscn (19_5ha
&b, '1957) has redefined ths theory and the density factors are renamed
" 4n torms which indicate their action on the numbers of animalse:

. The "climatic school' (Bodenheimer 1938) has coms into ita own
recently with the work of Davidson & Andrewartha (1948) on field popula~
tions of Thrips imaginig and with ths publication of 'The distribution
and ebundance of animals' (Andrewartha & Birch 1954). - Density independent
| faotors puch as olimate are seen tb be the most important, acting

wi16'»



.- over the meanings of the words.used.in the:theory, -

through the hetsrogeneity of the enviromment to control the distribixti'on
and abundance of animals (Andrewartha 1957, Birch 1957).

Xt is intoreating .tt'a note - the different origing of the two epproaches
reflecting as:‘l_;hay do the great difficulty of leboratory and field .
aynthesise The problem is further agirevated by the over.generalisation of

. 8pecific examples of control mechanisms, together with the difficulties

¥any attempts have becn made to reconoile the two approaches but one
seens to achieve a real asynthesis, Reynoldson (1957) using data on

- fluctuations in the nurbers of £ield populations inoluding E. albidug

in ths Huddersfield sewage beds, has sugpested that the importance of

.-Qensity dependent control varies with the goneral physical favourability of

tha environment. :This approach may help in the present study. In the
wet peat Juncus eites, physical favourability may be considered to bo high,
as the worma are more protected fr;:m desiccation than in dryer minoral
soilgse There is no evidence that climate has beon a dominant factor here,

"aB rsia.r:. ¢c pre-peak values have oocourred at the same time as the numbers

in the dryer Nardus mineral soil site_ have gons on inoreasinge It has

© beon argued. that the Herdug arca suffered heevily from the drought of

" July-August 19555 from this and from the description of the sample area,

!.t bocouss obvious that vhen compared with the wot arganio Juncug sites,
tha Nordug arca is plwglcally IGBB favourablee .Since the beginning of
this study the numbers in the Nardug site have incroased greatly, a
reduotion will presunably ocowr and whon it does 4t wAll b much more
nkaly to be a olimatic reverse than in the Juncug gitess . The cone
ttmti.on of olimatio favotu'abil!.ty may, however, permit the worms to be
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controlled by density dependent factors as in the Juncug sites whero ths
yearly action of such factors is put forward to explain the autumn and
spring drop in nunberse  What these factors are, is not Jmown at the
~ prozont time, . e )
. | Where d-ex.l.si.tyl S.ncll_eéojxﬂont. control i_.s_ euggested, as with the Nardus

~ grassland and ‘IN_ielegn'_s sandy soll populations, in the form of desiccation
threat, Reynol‘dsoﬁ maintains that such control does not lead to. the extino-
tion of the population because of the matural heterogeneity of the en-
vironmﬁt and variations in the degree cf explo;tatz_ox;l of it by the popula=
" tione In this latter coﬁneotion, Reynoldson sites the aggregations of
| _ enchytracids as gvi.dence of tjhi._s phenomonone

Differences in density between gample areas
Birch (1957) pute forward the proposition that the laws which govern

the distribution of enimals ere the same as those governing their abundance.
The Juncug sites were shown to be the moot favourable far enchytraelds
when compared with the Naordug and other sitess This can be related to the
" desiocation threat already disocussed, but in the explanation of the much
lower densities in Bare peat and Alluvidl grassland sites, other factors o
mist be involvede In both thess sites there is little, ar no litter
" layer - and eWraeids secm to bo concontrated in the I+P soil profile
gonss in areas vhere they are present. Organic matter is not in itself
sufficiont, for there is no shortags of peat on the Bare poat site, howover,
no ifroshlj decaying increments of plant matorial and no minorel supply
ere available to animals living in the surface layers. The Junous sitos
provide optimm conditions appirently lacking in both Bare peat and

2
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Alluvial pgrassland arecase

The distribution of enchytraeids in relation to somo other soll animals

. In comparing the biomaes estimtes of the present work to those of
other workera there is ri.sl; that the comparisons may be biased by the
errors inherent in the weighing methods used for live animals ag-alteady. ;s
ggntgoned, . _ . !

Vith all these limitations in mind a very approximate ploture of the
blomass diatribution of thred groups of soil animals has beecn complled
from published work, the present study and also by interpolation (th. 36)

- for 8 habitats arranged ia order £rom the most mineral to the most

organic as £ollowss..

~ '4'w Pasture, data from Svendgen (1957), Nielsen (1955a) and
" Nielgen (1955a) far the earthworms, nemntodes and enchytrasids |
| respeotively. - - -
- @ = Peaty Alluviunm (Alluvial grasglend) data from Svendsen,
i Banage (biomass estimated from density) and Peachsy. |
3 = Coniferous forest soil, data from Niclgen and 0'Comnar (1957).
b = Calluma heathlefd, data from Rielsen. | Y
. -5 = Nardus grassland, data from Banage and Peé.clwy;
6 « Juncus ggumoéug moor, data from Banage and Peachaye
7 = Calluny bog, data from Banage and Nielsen or Peachaye
.8 = Bare peat, data from Panago and Peacheye

There is suffioient data and sufficient difference to show quite clearly
the ecclogical rélatiomhipa of these three groups of animalg. m
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earthworns and nematodos are predominontly inhobitants of mineral soils,
(though specialised nematodes and earthvorms such as Bimaotus eisont
and Dendrobona octahedra (Svondson 1957) ean exist under acid oonditions)
as conapicuous membors of the faﬁm. " The enchytraeids rea.ch thoir
maxinum aumbors in habitats éOntaininﬁ moist organic mtériai of the right
kinde The poak in Juncus squarrosus habitats sugrects. that the enchy-
traelds nood soms mineral requirecmonts as woll, which this habitat can
oupply in quantities that cannot be found in tho decper peatse In the
Juncug areas and to a lesser extent in the other moorland habitats
(apart from the esrthworm irhabited limestone and alluvial soils (Svendcen
1957) the enchytraeids may be regarded as the dominant 'worms' prosent as
mesbers of the permhent geil faunas It is difficult to compere thom to
the arthropods as these are preatly dif;‘erent in their manner of 1ife and
are generally more 4ifficult to sample and study. | |
Rielson (19550) states "In gencral distribution, the Enchytraeidas
differ very much from their olose allies, the sarthworms. . The latter
‘ famiiy is partiouioriy abundont in the rich muii soil while in ine raw
humus, at least &n Denmark only Dendrcbena octohedra occur in appreclable
nuzbersesss The Enchytraeidae are elso very different from free living
nemtodes vhich prefer tho mill sites while .they [the enchytraeids] seenm
to reseuble more the oribatid mites in attaining their greatest density
.:in soils of the mor. type.” The prusent stuly has confirmed this and
has helped to complete the broad pisture of enchytraeid distribution in

.m soils'.
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