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An international zurvey of nothoeds used by s50il zoologists to
extracf arthropods from secil was nmade to determine details of the
apparatus ard the wvays in which they were most commonly used. The relative
efficiency of eleven of the most representative extraction methods were
ccapared for the major groups of soil arthropods on a elay-loam soil
under woodland, pasture and fzllow lhabitats, bynamic or behavioural
methods were more efficient thean mechanical methods for extracting the
active stages of nmost arthropod groups, but the relative efficiency of
mechanical methods improved on fallow soil, The lacfadyen high-gradient
funnellapparatus vas ocutstandingly efficient for extracting nost
arthrovod groups from the soil in each habitat,

The relatvive efficiency c¢f two contrasting methods, commonly used
+to extract a wide range of scil arthropod species, were compared on
sand, peat and three clay soil tyoes., 4 dry-funnel method, the Hotlamsted
Berlese—fullé_aﬁ fumel apparztis and a wet-sieving and‘flotation
mathod, the 3alt and liollick washing apnaratus, were compared on
woodland, wasture and fallow arable sites on each of the soil %
lost soil arthropods were extracted in greater numbers by the dry-funnel
nethod than by the wet-sieving method. Onychiurid Tollembola were
usually extracted in siznificantly zreater numvers oy the wet-sieving
method and by mechanical methods ganerally. arge arthropods such as
diptera larvae, beetles, root aphids, thrips and spiders and podurid
Collembola were also exiracted relatively efficiently by most mechanical
methods, particularly on the fallow arable sites where there was less
undeconposed plant material in the soil, The comparison on fen-peat soil
ghowed that the 3alt and Eolliclk method was not always less efficient

than the dry-funnel method orn soils with hizh organic matter content, but

.
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the amount of time spent extracting arthropods from this soil by the

Salt and Hollick method and the difficulties of distinguishing arthropods
that were alive from those that were dead at the time of sampling, made
the method impractical, The mechanical methods always recovered
arthropods in a damaged condition, uansuitable for detailed identification,
freezing the soil samples during storage was considered to contribute

to thisldamage.

Various féctors that affect the efficiency of dynamic extractiq?
methods were investigated. Zxtraction efficiency was greatest when
s0il cores were placed intact and in an inverted position on funnel
sieves, compared with soil cores orientated in other ways, or broken into
pieces before placing-them onto. the funnel sieve. Greater depths of
soil in the funnel sieve decreased efficiency of extraction of
onyciriurid Collembola and Divtera larvae, but different diasmeters
of soil cores had 1little effect. Light and heat combined, extracted
greater numbers of most arthropods than did heat alonz. Alcohol as a
collecting fluid ir the dry~-funnsl nethod wsually extracted more
arthropods than did water, but waiter and picric acid extracted more
Diptera larvae than did alcohol., 3Storing grassland cores for up to
four weeks gzt SOC prior to extrzction by dry-funnel methods did not
sirmificantly affect the mmbers of arthropods recoverad,

An sutomatic collecting device for dry-funnel methods was devised
and emergence patterns of arthropods were examined uwnder different
temperature resimes. Different arthronod zroups emerged in two peak
periods, when soil temperatures increased and a critical level of soil
moisture content was reached,

The most suitable extraction methods for extracting different groups

of arthropods are sumazrised,
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I. GENERAL INTRODUCTION

Populations of small invertebrate animals spending most of
their life-cycle in soil are extremély large, réaching nunbers as
high as g quarter of a million per square metre. They are important
constituents of soil ecosystems in promoting breakdown of organic
matter and'fhe turnover and aeration of soil., They vary greatly in
size, ranging from 100u to several centimetres in length. It would
be quite impracticable and almost impossible to count all the animals
in a unit area of soil so populations have to be estimated from the
numbers of arthropods recovered from small samples of soil, These
samples can be cores or cubes of soil of known surface area or volume,
The numbers bf arthropods recovered from the samples can then be
converted into populations per unit area of soil froviding the mumbexr
and size of samples taken is adequate.

Reliable estimates of soil arthropod populations are necessary for
many purposes., But it is in the reliability of these estimates that
most of the prohlems concerning population assessment are encountered,
Most axrthropods are not randomly distributed, and some are very
strongly aggregated, so choosing the optimum size and number of samples
adequate for accurate population estimation is difficult, particularly
because these differ for almost every group of arthropods. Moreover,
soil is a complex medium and the problem of extracting from soil large
numbers of animals, that differ in size, distribution, habits and
physiology, has not yet been adequately resolved,

The number and size of the soil samples to be taken and the
pattern of sampling and the statistical treatment of the data are all

inmportant aspects of assessment of populations of these animals. The



statistical problems of sample size and distribution have been

discussed by several workers (Hartenstein, 1961; Debauche, 1962; Healgﬁ
1962; Hughes, 1962; Skellan, 1962; HMacfadyen, 19622; Cancela da
Fonseca, 1965; Berthet, 1971), and although not completely resolved
will not be considered at lengzth in this study.

Many different methods of extiacting animals from soil have been
developed during the last eighty years, but, although a number of workers
have compared two or three methods for a few groups of soil animals_
(Bvans, 1951; Macfadyen, 1953, 1955, &1962a; Macklin and Montgomery,
1957; Auerbach and Crossley, 1960; Nef, 1960; Satchell and Nelson,
1962; Block, 1963 & 1967; Aucamp et al., 1964; Hale, 1964; Wood,
1965; Kikuzawa et al., 1967; Lasebikan,. 1970; EHuhta, 1972; Marshall,
1972), there have been no comprehensive studies of the relative
efficiency of extraction methods for most of the common soil arthropods,

The great need for such comparative assessments became obvious
during the early stages of development of thé International Biological

-
Programe, Standardized methods were essential if productivity in
a variety of terrestrial ecosystens could ve satisfactorily compared. It
was for this reason that the present study was begun and its satisfactory
conclusion was made possible by the provision of a research grant
by the Royal Society. The major part of the research was concluded by
1968, in time for the data to be utilized by some of the I.B.P, projects.

The various methods of extraction of arthropods from soil have
been reviewed often. Probably, the most comprehensive of these was by
Murphy (1962 a & b) whose review particularly emphasized an earlier
one edited by Balogh (1958). Other reviews of extraction methods are by

Ladell (1936), Gilyarov (1941), Van der Drift (1951), !lacfadyen (1955,
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1957, 1962 a), Kuhnelt (1961}, Kevan (1955, 1962), Rajski (1963),
Southwood (1966), Vannier (1970 a) and Wallwork (1970),

The methods of extracting animalé frem soil that aie currently
available can be divided into two main types; (a) those where animals
leave the sample in response to either physicel'or cnemical repellents
or attractants, referred to as "behaviour methods' (liacfadyen, 1957) or
"dynamic methods" (¥urphy, 1962 2), and (b) mechanical methods which
separate.the arthropods from soil by physical means or depend on the_
oleophilic and hydrophobic properties of the arthropod cuticle., Dynamic
‘methods have the advantage that animals are recovered undamaged and
very suitable for taxonomic studies whereas mechanical methods, although
tending to damage specimens, yield data on resting stages of arthropods,
particularly eggs and pupae.

Behaviour or dymamic methods of extractin: arthropods from soil are

divided into two main types, dry funnel methods and wet funnel methods.

The dry funnel apvaratus described by Berlese (1905) was one of the

first behaviour or dynamic methods. It consisted of a large copper
funnel (0.3 m or 0.5 m diameter by 0.8 m deep) surrounded by a water
jacket containing heated water (Pig. 1). The sample was spread out
on g sieve near the top of the funnel gnd the arthropods were collected
in a vessel containing alcohol, fixed to the base of the funnel (Howard,
1906). An earlier apparatus, described by Ormay (1890}, used tobacco
smoke to drive arthropods from plaﬁt and litter spmples (Vannier, 1970a).
The Berlese funnel apparatus was modified, first by Williams (1913), then
by Krausse (1915), who replaced the hot water jacket around the fumnel
with a heated water bath above and around the sample. Tullgren (1918)

then substituted an electric lizht bulb for the heated water bath (Fig. 2)



Fig.1.
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Fig. 2, =~ Tullgren Funnel Apparatus
- ° (Tullgren, 1917, after Vannier, 1970q)
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and it is on this modification of the Beflese apparatus that most
modern dry funnel apparatus are based. Ford (1937) adapted the dxy
funnel technique for quantitative work by using a large numoer of

small funnels. Haarlgv (1947) improved the efficiency of such
funnels by having a gap between sieve and funnel to prevent condensed
water forming on the funnel walls and trapping the animals. Macfadyen

(1953, 1955, 1961 and 1962b) considered that steep gradients of temperature

and humidity from the upper to the lower surfaces of the soil -
samples improved the efficiency of dry funnels and he designed extraction
apparatus incorvorating these gradients (Macfadyen, 1961)., Many
other modifications of the dry funnel technique were sugzested, such as
different types of heat source, collecting fluids, sizes of sample,
temperature regimes, and methods of preventing contamination of the
collecting vessel with debris that falls from the sample (see Furgphy,
1962a). Repellent chemicals instead of a heat source have also been
used to drive animalé from the sample (Macfadyen, 1953; Lewis, 1960,
Muchmore, 1966), but are effective for only a few groups of arthropods.
Macfadyen (1962b) and Kempson et al. (1963) attempted to control
the humidity at the base of the soil sample and avoid animals sticking
to the sides of funnels, by collectinz the animals into cylindrical
vessels of the same horizontal diameter as the sample container.
Lussenhop (1971) described a simplified canister—type soil arthropod
extractor. A horizontal extractor (Duffey, 1962) to obtain spiders
from grass was a further modification of the dry extraction technique
without the use of funnels. A novel method of extraction was described
by Vannier (1970a) in which high frequency electric impulses were
passed through the soil sample, applying a physical repellent to

stimulate soil animals to move out of sanmples,
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Wet funnel extraction techniques devised by Baermann (1917) use

heat spplied to soil samples under water. Modifications such as
those of Maercks (1943), Milne _gj_:__ai._ ‘(19.58) and Williams (1960) have
been uéed successfully to extract some arthropod animals from,éoil,
pérticularly dipterous larvae and tardigrades (see Healeyet 21. 1970).
However these wet extraction fechniques are usually more efficient
wvhen extracting non-arthropod fauna particularly enchytraeid worms
and nematodes (see IMurphy, 1962a), : -

Méchanical extraction processes for separating animals from soil
are many and varied, (Murphy, 1962b). They range from hand sorting to
complex flotation and elutriation methods. The laborious hand-sorting
methods of Diem (1903), Cameron (1918) and Morris (1921), are not used
rmach now, except to test the efficiency of other extraction methods.
Reitter (1908) passed soil tarough a series of sieves sorting animals
in each,in order to reduce the amount of material to be examined.

Lane and Shirk (1936) and Lange, Akesson aﬁd Carlson (1954) more
recently developed motorised versions of this technique.

Morris (1922) devised a wet sieving technique (Fig. 3) which
involved washing the soil sample through a series of three sieves and
allowing soil particles in suspension in the water to escape, thereby
reducing the amount of material to be examined and at the same tinme
breaking up thé sbil particles, releasing the enclosed animals,

Winkler (1912) separated Coleoptera from the soil by immersing soil
samples in water so the animals floated free. Berlese (1921) used
saturated sodium chloride solution to separate animals from debris
that fell into the collecting tube of a funnel extrsctor. Ladell's
apparatus (1936) (Fig. 4) involved both a stage of washing through

sieves and subsequent flotation on magnesium sulphate solution (S.G. 1.2)
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Fig. 3, - Morris' wet-sieving aeparatus.
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Fig. 4. - Ladell’'s washing and flotation opparatus.

(Ladell, 1936, after Vannier, 1970aq).
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to separate animals from the soil, Eis apparatus was improved by
Salt and iollick (1944) who separated the animals from the plant debris
using an oil-water flotation process (Fiz. 5). The floating material
in the magnesium sulphate solution was decanted off, washed and
shalten with water and either xylehe or benzene, As the two layers
separated, the plant material remained below the interface in the water -
layer and the animals, coated with the organic solvent, could be.
picked off the upper surface of the xylene-water interface. Edwards‘h
and Demnis (1962) modified this method to extract Symphyla from soil. The
vapours of xylene and benzene can be harmful to breathe and Edwards et al.
(1970) suggested that "Dekalin" (decahydro-napthalene) was a better
substitute., The 3alt and Hollick process has been further modified
by Cockbill et al. (1945), Raw (1955, 1956a), Macklin et al. (1957),
Fraser (1954), Peeney (1967), Wilcocks & Oliver (1971), and Stewart (1974).
Edwaxds et al. (1970) mechanised tne flotation stage and Heath (1965) and
Sugimoto {1967) described elaborations of the oil-water separation
stage.

d*Aguilar et al, (1957) described another wet-sieving and flotation
nethod. The so0il sample was'first washed through a coarse sieve and
all the larger stones and large pieces of organic matter were removed,
The residue was placed in a cylindrical vessel and agitated by a
strong jet of water (Fig. 6). The finer silt particles together with
the exces§ water, passed out through the fine wire-gauze wall of the
vessel., This preliminary removal of the fine minerzl particles is the
opposite to the procedure in the Salt and Hollick process., Further
sieving and flotation with potassium bromide solution (S.G. 1.35),

in a specially designed flotation flazsk, completed the extraction,
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Fig. 5, = Salt ond Hollick wet sieving, flototion ond oil-separotion
gpparatus.

(Salt ond Hollick, 1944, after Vonnier 1970a).
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Fig. 6. = D'Aguilar et ol. washing ond flototion apparatus.
(d*Aguilar, Bernard and Bessard, 1957, after Vannier 1970a)
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Hale (1964) descrived a flotation technique for use with soils
containing much organic matter., The soil samples were first soaked
in water and subjected to a reduced étmospheric pressure at room
temperature, This made the air-free plant mzterial sink and the
arthroneds come to the surface of the weter due to the combination
of the hydrophobic nzture of their cuticles and the axitation caused
by stirring and bubbling air through the liquid. The animals were
collected through the overflow side-arm of the flotation vessel, _

Davies (see lMacfadyen, 1955) used the differential sedimentation
rates of organic and inorganic components of a soil sample to separate
the animals from the soil., Tlutriation which uses upward cuxrents
of water to separate soil and animals was used by TBrne (1962v) to
separate Pauropoda and small Collembola from light mineral soils
with lqw contents of organic matter, Nﬁller and Haglitsch (1957)
and.:%ﬂler (1962) put soil samples in saturated sodium chloride
solution and centrifuged them to collect the arthropods, The supernatan@/
ligquid was decanted and the residual animals counted and identified and
the procedure was repeated until no nore animals were recovered.

Aucamp and Ryke (1964 & 1965) and Aucamp (1969) developed an extraction
method which used the oleophilic and hydrophobic properties of the
arthropod cuticle with removable siiding plates cozted with lanolin
or petroleum.jelly (Fig, 7)e Thae coniainers were rotated for fifteen
ninutes at 16 revs/min; the animals stuck in the grease and the plant
and ninerzal particles remained in suspension. The plates were then
removed and the animals counted and identified; unfortunately the
animals are often recovered in rather a poor condition for
identification. Speight (1973) descrived an automated grease belt
technique for the extraction of arthropods from organic debris and

Bel field (1976), an expedition version of the grease film anparatus.



Fig. 7. = Aucamp's Grease~-Film Apparotus.
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Other mechanidal methods of separation include suction methods
(e.g. Johnson et al. 1957, Wallace 1972) to collect animals from the
soil surface and the examination of thin sections of impregnated
soil to count arthropods in situ (Haarlgv and Weis Pogh (1953);
Alexander and Jackson (1955); Vanier and Vidal (1964); Andexrson
and Healey (1970)). Pande and Berthet (1973} compared Tillgren funnel
and soil section methods for surveying oribatid mite populations.

A1l the methods described so far, were developed to meet a need for
quantitative data. They were designed to increase the efficiency of
recovery of animals from soil, or decrease the amount of time spent
extracting the arthropods’or boths In addition to these improvements.
in the methods of extraction there were improvements in the pre-
extraction techniques for dealing with soil samples.

Chemical dispersgl agents, e.g. sodium hexametaphosphate, sodium
carbonate (Raw, 1955), sodium citrate (d'Aguilar et al. 1957) and sodium
oxalate (Seinhorst, 1962} were used to disperse soil particles before
using various wet sieving methods. Wetting and freezing soil
samples (Salt and Holldck, 1944) and decreasing the atmospheric pressure
over samples immersed in water (Raw, 1955; Hale, 1964) were also
techniques used to disperse soil particles before wet sieving. The
break-dovm in soil structure caused by these pretreatments allowed a more
efficient separation of organic material from inorganic material
at a subsequent stage in the mechanical extraction proceedure. For some
heavy clay soils these pretreatments are essential before using wet-
sieve methods.

The efficiency of dynamic methods may also be improved by the use of

pre-extraction techniques. HMany authors have siressed the importance
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of the nature of the sample substrate and its condition in relation
to the ease with which animals aie able to escape from it,

but few have considered the importance of sample preparation for fummel
extraction methods (ﬁurphy, 1958a and 1962a). Vhen dry funnel methods
were first used, the sam?le naterial was fragmented and the pieces
spread on the sieve of the sample container. Jacot (1936) and Hammer
(1944) sugzested that samples should be placed intact and inverted with
their upper surface dovmwards on the sieve to increase the efficiengy
of the apparatus and Murphy (1958a) made a'similar recommendation but
his results on the efficiéncy of extraction from intact, inverted
suhsaﬁples of raw humus were not conclusive. HMurphy (1958a) also
investigated the effect of different depths of soil in the sample
containers over the funnels in his split-funnel apparatus. Shallow
wndisturbed cores of raw humus, 1.3 - 1.9 cm deep, were better for -
recovering Acarina than similar cores 4=5 cm.deep. Sample disturbance
and compression may arise during collection and subsequently during its 7
preparation for extraction. Apparatus and methods of obtaining
undisturbed soil cores have been discussed by many workers (Hughes, 19543
Murphy, 1958 a and b; Macfadyen, 1953,71962a; 0'Connor, 1957;

T8rne, 1962a; Vannier and Vidal, 1965 and Taﬁton, 1969). Few authors
have considered the influence of collecting fluids (especially volatile
ones) on the numbers of arthropods recovered from soil by dry-funnel
extraction methods. Macfadyen (1955) compared alcohol, glycerol and
water, and concluded that altnough collecting fluids had little effect
in funnel apparatus where the evaporating surface was small and

there was plenty of ventilation, in canister extractions, alcohol

in the confined space reduced the numbers of animals recovered,



The mechanisms underlying the operation of the extraction methods
used to extract arthropods from soil samples are remarkably little
understood. The efficiency of the oii—water separation stage of
the Salt and Holléck method, and the grease f{ilm method, are dependent
upon the physical and chemicallproperties of both the geparating fluids'
and animal and plant cuticles (Nicholson et al. 1960 and Murphy,
1962b). Vith dynamic methods, Trigdrdh, 1933, thought desiccation
the most important factor influencing the egression of fauna from -
soil samples, but also suggested a small negatively phototactic
response. Dietrick et al. (1959) improved the efficiency of a funnel
apparatus by éhining a spotlight beam up through the collecting vessel
on to the bhase of herbage samples., Responses to changes in temperature
and water content of the soil sample (and hence humidity of soil air)
are suszgested Ly most authofs as the main factors responsible for
" the egression of soil fauna in dry-funnel extractions (Haarl%ﬁ, 1947;
acfadyen, 1953 and 1955; Hughes, 1954 and Furphy, 1958a, 1962&).
Bughes (1954) and ilacfadyen (1968) investigated the effects of using .
different construction materials on the thermal gradients within
samples extracted by modifications of the dry fumnnel, Brady (1969),
demonstrated the importance of temperature and humidity gradients and
suggested microarthropods move along thesergradients employing a series
of kineses rzther than taxes., Vamnmier (1970a) claimed that above
3000, an increase in tenperzture was the most important factor causing
nicroarthropods to leave the soil sample during dry-funnel extractions.
Baztween 10°C and 50°C, desiccation beyond_a critical threshold of the
humidity level in soil, the pF value, was the mgin factor determining
the egression of soil microarthropods. The pF value is a measure

of the force of retention which is exerted by the dry matter in soil on



the available water, and which determines the accessibility of this
water to the various groups of soil arthropods. _

The length of time between taking soil samples in the field and
extracting the animals in the laboratory is another important factor
aifecting the numbers of soil arthropods recovered. Soil samples for
extraction by mechanical methods, were stored successfully for
several months at temperatures below 0°C (Raw, in 1lit.)., Soil samples
for extraction by dynamic methods are not stored easily. Hhrphy‘(195eé)
found the numbers of Acarina lessened after 12 days storage af ca 4°C,
Hughes (1954) showed that numbers of Collembola recovered were unaffected
after storage periods lasting from 1-9 days, but found some incréases,
after storage, in numbers of Collembola from samples taken in the Spring.
Rapoport and Oros (1969), stored soil samples in different types of
container and showed these could reduce the nmumbers of arthropods |
extracted by a funnel method,

It is difficult to measure either the absolute or the relative
efficiency of the methods described or their modifications. NMacfadyen
(1962b) attenpted to measure the absolute efficiency of his controlled
draught funnels by putting marked animals into soil samples., - Feeney
(1967), Kempson.gﬂlng. (1963) and Marshall (1972) measured the
efficiency of their apparatus by hand-sorting the'remaining bodies of
soil arthropods from soil which had been uged in their extraction
apparatus. Forsslund (1948), Macfadyen (1953), Hughes (1954) and
Haarlov (1962) compared the mumbers of animals recovered using
different methods with those countéd by careful hand sorting of soil
from the same sites, efficiency being expressed as a percentage of the
numbers recovered by hand-sorting. Van der Drift (1951), Kempson et al,
(1963), Aucamp and Ryke (1964), Hale (1964), Block (1966, 1967),

Brady (1969) and Marshall (1972), all measured tine efficiency of various



methods by attempting to recover known numbers of animals previously
introduced into sterile soil samples,

A1l these techniques involve prbblems. The methods available for -
marking animals in soil before extraction are unreliable (Macfadyen, 1962a).
If the smaller soil arthropods are damaged during handling before
they are put in soil samples, they may not emerge from soil normally
and anyway the animals would not be occupying their normal ecological
niche. Soil sterilisation usualiy alters the structure of the soil,
and hand-sorting, which is an extremely laborious and élow procedure,
can be used only for very small soil samples and so may not répresent the
numbers present in a larger sample.

Some workers have compared the relative efficiency of extraction
processes, by using soil from the same habitat and extracting the
arthropods by different'methods but few workers have compared more
than two methods and usually this was done on one sg}l type only.

Different forms of the Salt and Hollick proceés (1944) have been
compared with variations of the Tullgren fumnel appaﬁatus by
Evans (1951), HMacfadyen (1953), lMacklin et al. (1957), EL-Kifl (1957)
and Wood (1965). Evans (1951) found no significant difference
between the mean numbers of Collembola, Parasitiformes (Hesostigmata) and
Sarcoptiformes (Astigmata and Cryptostigﬁata) recovered by the two
methods but the Tullgren apparatus extrapcted more Trombidiformes
(Prostigmata)s Macfadyen (1953) found flotation to be as efficient
as the funnel method for larger insects and more so for aphids, but
less efficient for Acarina and Collembola. Kl Kifl (1957) recovered
more Thysanoptera, Aphididze, Coleoptera, Hymenoptera, Araneae,
Thysanura and Hyriapoda by flotation than funnel ﬁethods and stated
that the funnels were more efficient in exctracting Acarina, Collembola

and Hemiptera, particularly psocids. Wood (1965),using three different
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s0il types, found the Irphy splis-funnel method recovered significantly
noxre of most groups o%AA arina than tie Salt and Zollici: technique

although there were no sijnificant differences between the numbers of
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irmata recovered, The mean aumbers of

Astismata and adult Cxyptostiz
Collenmbolz recovered by ths two methiods vere not simificantly
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Satchell and Helson {1962) described a comparison of Zaw's (1955)

modification of the 3alt and Hollick technigue with Tulliren funnels for

»

extracting Acarina from moder and mull woodland soils, The differences
between the mean pumbers of Acarine extracted by the two methods on

. - . L Y - - - -
the mull site were not significant, but siznificantly more Onnia spp.

vere recovered by the fiotation method, On the moder site they found

that hyponi of Astigmata, scutacarids and the nymphs and larvae of
J & () ] 33

3teranacarus ma-ma vere ewtracted in siprificantly nizher numbers by

-

the flotation nethod used, whereas iotluus silvestyis and Tectocepiius ShU.,

nymnhs and larvae were extracted in significantly hi

Jher mumbers oy
the funnel method,
Ifller and iflaglitsch (1957) ana imller (1962) compzred a cenirifusal
flotation method with modified Tullgren funnels (Balozh, 1938; Iranz,
1950) using: three soil types. Sizmificantly more Acarine and
Collemhola wzre recovered uzing centrifusal {lotation than by usinglfunnels.
Different types of fullgren funnels have been compared by Hacfadyen
(1853, 1955, 1962b) Auerbach and Crossley (1960), Aucamp et al. (1964),
Kiimzawa et 21, (1968) and Tmhta (1972). Iiost of these worliers found that
methods incorporating stesp gradients of temmerature and hunidity increased

the efficiancy of extraction.

Yef {1340, 1962) end Aapoovort and Cros (1965) studisd the effects of

g
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varyins the tempersture and hunility regines in 1. von fannels, iaf (1962)
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suggested desiccation was the factor mainly responsible for the movement
of Acarina and Collembola out of litter samples, in the Tullgren
funnel method of extraction.

Changes of temperature and humidity during the extraction period (
weve discussed by ITragardh (1933), Hazrlov (1947), Macfadyern (1953,
1962y), Hef (1962), Kempson et al. (1963), Vannier (1964), largowski (1965),
Block (1966) and Deb et al. (1966). They attempted to relate the results
of their work to the patterns of movement of animals from soil during
extraction,

The Salt and Hollick (1944) tectnique has bsen compared with various .
modifications of this method by Heath (1965) and Feeney (1967). The
modifications were considered to be improvements either to techniques and/or
apparatus with the aim of increasing efficiency.

Aucamp (1967) compared his grease film apparatus with a modified high
gradient funnel extractor for extracting Acarina from loam soil. Many
more Cryptostigmata were recovered by the grease film method than by the
funnel method. The Mesostizmata were recdvered’equally well by both -
extractors and the Prostigmata and Astigmata more efficiently by the

funnel method.,

Hale (1964) éompared his flotatian process with a modified Macfadyen
high gradient canister apﬁaratus for extracting Collembola frpm peat soil,
Block (1967) compared Halet's (1964) flofatioﬁ apparatus with a modified
MNacfadyen high gradient canister acparatus for extracting Acarina
from peat and mineral soil. Significantiy more Acarina were recovered
by the high gradient canister on both types of soil.

The Terrestrial Productivity section (P.7.) of the International

Biological programme entitled "The biological basis of productivity and
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humen welfare", provides z unique opportunity for obtaining comparable data
avout a large number of varied habitats and their associated flora and
fauna, Part of the Terrestrial Productivity section is concerned with
“the role of soil-dwelling animals in the decomposition cycle and their
inter-relation with the microflora in secondary production. To provide
information on the role of arthropod animals in scils it is necesSary to
make accurate estimates of the populations. To compare results from
different parts of the world, methods must either be standardised or the
relafive efficiency of the different forms of apparatus must be known.

Both dynamic and mechanical methods for the extraction of soil
arthropods were originally developed for gqualitative studies of sqil
arthropods. Their adoption for quantitative purposes has presented
many practical difficulties and there has been considerable criticism
(Macfadyen, 1955). The basic problem, inherent in soil arthropod population
studies, is the lack of practical means for determining the absolute
number of animals in any given volume of soil., Vith existing methods of
extraction this problem will continue to occur, particularly when dealing
with such a heterogeneous group of animals which are differentially
extracted by various methods and when such factors as soil type and
pre-treatuent of the sample material affect the efficiency of all methods
of extraction (Raw, 1955; lief, 1960; Murphy, 1962 a and b).

No single extraction method will efficiently recover all the
different groups of arthropods from all types of soil, nor is it practical
to recommend one method for use in 211 regions. Tor example, washing
methods, requiring large volumes of water, are impractical in arid regions,
and Tullgren methods are difficult for field trips and are unable to

extract immobile stages of animals,



The aim of this work is, having debtermined which methods are
most used, to compare as many of the different_fofms of extraction apparatus
and techniques using aArange of soils ahd to select and recommend those
methods givinz consistently high recoveries of specific arthropod

groups from the soill types and habitats gtudied.
LY

II., A SURVEY OF TYE EXTRACTION METHODS CURRENTLY USED

A questionnaire was prepared to determine which methods of
extrgetion of soil animals were most used. This was sent to oné nundred.
and fifty soil zoolozists and ecologists in eighteen countries., Of these,
eighty~two were completed and returned, although not all recipients
answered all questions. The questionnaire comprised three sections, one
concerned Berlese~Tullgren funnel methods of extraction, one flotation
methods and modifications of these, and the third, with other methods of
extraction used. |

In the first section the questionsconcerned the size and shape of
Tullgren funnels, the power of the source of heat and its distance from
the soil surface, whether the funnels were coodled, how long the extraction
took and which preservative liquid was used in the collecting vessel.

In the second section the details of the flotation methods that were asked
included the type of flotation the nature and specific gravity of the
flotation medium, whether an oil/water separating stage or freezing was
used and o6ther details. The last section was more general, involving
descriptions of other methpds.

Replies were sometimes_incomplete, sometines more information was
given than was requested and it was oiften difficult to correlate the
information but it was possible to draw general conclusions. The

comparative frequency of use of different extraction methods is summarized
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in Fig. 8. Maﬁy workers (approximately 507%) used only a simple method
for the recovery of the different types of zrthropods from soil, this
being almost exclusively some modification of the Tullgren funnel
extractor. The others used either both Tullgren methods and fl;tation
nethods (approiimately 30%), Tullgren methods with hand-sorting and/or
dxry sieving:for large iﬁsects, or one of a variety of miscellaneous
methods (approximately 20%). Seventy percent of all the replies indicated
that the correspondent used some form of fullgren funnel and 60% of these
used a relatively standard type of fumnel with an electric light bulb as
a heat source. The few that uséd neither light nor heat were mostly
concerned with taxonomy. Seven workers used some modifiéation of the
Macfadyen air-conditioned>apparatus with steep gradients of heat and
humidity produced by cooling and humidifying the lower part of the sample.
| Of the 26% of the correspondents using flotation methods, 4i%>used
the Salt and Hollick flotation method or some modification of this. Only
four workers used a simple flotation method of immersing soil in dense
sblutions and agitating these for general studies of soil arthropods,
but several others used flotation with sugar solution to recover animals
for taxonomic studies. These latter workers were not concerned with
the quantifative aspect,

Only three workers hand-sorted soil samples for the larger arthropod
animals, either in the field or in the laboratory. ~ Most of the other
methods listed in the returns were used only by those workers who devised
them, for example, the Miller and Naglitsch centrifugal flotation method,
d'Aguilar flotation and the Aucamp and Ryke grease-film extraction.:

The form of the Tullgren apparatus and the method of using it
varied greatly between different workers. The diameter of the funnels at
their widest point, ranged from 5 cm to 40 cm. Tunnels of 10 ca, 15 cm and

20 cm diameter were most commonly used (Fig. 9).
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VWorkers who-uséd Tullgren funnels were asked vhether they placed
their.soil samples in the funnels with as litfle disturbance as possible
or broke them up before putiing them iﬁ the sample containers; only
seventeen an§wered this question and of these, nine did not disturb the
saﬁple and eighi Used brken simphés (Fig,10).

The power of the heat source used varied greatly (Fig. 13)j; workers
commonly used electric light bulbs of batween 25 watts and 60 watts, but
most used light bulbs of less than 35 watts and a few workers used 100 watt
bulbs and one 200 watts or even heating elements. This wide range in
heat source meant that the time taken %o complete extraction (Fig. 12)
ranged from one day tovmore than twelve days. The time taken to extract
animals on most Tullgren funneis was three to four days but was sometimes
more than seven days. Many workers who took the longer period to
extract their samples claimed their extraction was more éfficient. The
replies suggest that many workers extracted animals from samples for
an arbit;ary time without fully testing whether this time was adequate
for all soils they investigated.

Most workers used ethyl alcohol of about 70% dilution in the
collecting vessels below the funnels, but a few used water and a minority
other fixatives, especially picric acid (Fig. 11). |

The answers to the questionnaires enabled the most commonly used
methods to be chosen and tested in the present studies. They showed that
nost workers preferred dynamic methods, especially Berlese Tullgren
funnéls, probably becazuse these methods are simpler, less laborious

and recover relatively undamazed animals.

III, DBESCRIPTIONS OF =XIRACTION APPARATUS AMND METHODS TESTED

1. Dynamic lethods

The different types of funnel apparatus were all based on the
original Tullgren principle but differed enough: in detail and

sophistication to justify testing seven versions or methods of operation.
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" A1l the methods tested were used by several groups of workers.

(a) -Simple plastic funnel without light or heat source

A battery of sixteen domestic plastic funnels was supported by
‘plywood boards with circular holes to support each funnel, arranged
so as to keep the funnels vertical (Plate 1). The funnels, 16.5 co
diameter and 16.8 cm deep with an included angle of 600, narfowed
.to an opening 1.2 cm diameter, where the collecting vials, 2.5 cm
diameter by 5 cm deep glass tubes, were held in position by rubber -
bungs. Soil samples, 10 cm diametex gnd 5 cm deep, were placed,
intact and inverted, into aluminium sample containers 12.8 cm diameter
and 7.5'cm deep with a 10 mesh 23 S.W.G., stainless steel sieve at the
bottom. The sieves which were held in position by wire supports from
three outwardly directed brackefs 1.2 cm long, at the base of the sample
container could be easily changed for a different mesh as required,

The animals were collected in vials containing 70 per cent v/v agqueous
ethyl alcohol solution and glycerol (rafio 20:1), The somples were
extracted for nine days, in a room thermostatically maintained at

20°%c + 3°%.

(b) The Rothamsted funnel extractor without lizht or heat source

This consisted of a battery of sixteen spun anodised aluminium
funnels which were mounted in holes 12.8 cm diamieter and 4.2 cm diameter in
two plywood boards, held one above the othex in an angle iron framework
(Plate 2). The funnels were 15 cm diameter at the top and 25 cm deep,
had an included angle of 320, and narrowed to an.opening 1.2 cm
diameter. Glass vials, 2.5 cm diameter and 5 cm deep, were supported
at the lower end by being pushed on to a rubber bung. Intact, inverted

soil samples, 10 cm diameter and 5 cm deep, were supported at the top
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Plate - 1. Simple plastic funnels,

Plate = 2. Rothamsted Berlese-Tullgren funnels.
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of the fumels by a 10 mesh 23 S.W.G., stainless steel sieve, at the

bottom of anodised aluminium sample containers, 12.8 cm diameter by

7.5 énm déep. The sieves were held in position by wire supports from

four outwardly directed brackets 1.2 cm long at‘the base of the sample
container, - Sample containzrs were supvorted in the.t0p of fﬁnnels on

these brackets leaving a gap between the edge of the sieves and the

funnels to prevent condensation inside the fumnels. The samples were
extracted for nine days in a room thermostatically mainteined at 20°C 3;300.
The animals were collected into vessels containing 70 per cent v/v aqﬁeous

ethyl alcohol and glycerol (ratio 20:1).

(¢) The Rotiamsted funnel extractor with lizht and heat source

The apparatus was similar to that described in. the last section (b),
but over each saaple a tinned metal cylinder, 12.8 cm diameter and 26.6 cm
high was suspended, containing a2 25 W pearl electric light bulb 25 cm
from the upper surface of the soil sample. The electric light bulbs,
wired in parallel from a 240 v. mains were controlled by a heavy duty
rheostat which was adjusted so that the temperature of the soil closeét
to the light bulb, increased from about 3500 after the first twelvé
hours of heating to approximately 39°C aftef five-days. The room
_ temperature and therefore the temperature of the lower surface of the
soil in the sieves was controlled at 20°C.i 5°C durinz the whole of the

extraction period.

(d) The lMurphy oplit funnel extractor (Iurphy 19582)

This apparatus consisted of eighteen small funnels mounted on a
wood and metal framework, and a battery of eighteen cylinders containing
electric light bulbs suspended above (Plate 3). The cylinder unit was
counterpoised and could be raised for access to the funnels for
inserting soil samples and lowered to cover the sample containers.

The funnels, 8 cm diameter aznd 24.2 cm high with an included angle of 150,
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narrowad to an openin: 1.6 cm diameter where collecting vials 2.5 cm
diameter and 5 cm deep were held in position by rubber bungs. The sample
containers, supported above the funnel, were 5 cm diameter and 5 cm deep
and had thrse inwardly directed brackets at their bases suprorting 14 mesh
25 S5.,W.G. sieves, wnich were held 0.5 cm below the lower rim of the sample
containers leaving a gap at the sides. These units were supported on
larger sieves of 4 mesh, 20 S.W.G., which rested near the ftop of the
furnel, The cylinders 7.5 cm diecmeter and 3C cm deep each contained a

15 W clear electric light bulb. The soil samples 5 cm diameter and 5 cm
deep were intact and inverted wnen extracted. The animals were collected
into vessels containing 70 per cent v/v ethyl alcohol and glycerol

(ratio 20:1). The samples were extracted for six days at room temperature
(1600 - 2003) with the zir teanperature at the top of the sample

approximately 30°C - 35°C.

(e) The Kempson-Lloyd-Chelardi infra-red extractor (Kemvson 1963)

The apparatus (Fig.l4 ) consisted of a rectangular cabinet of
fibre board, ca 1.0 n high by 1.0 m broad and C.6 m deep, open at the top,
supported by a framework of slotted angle iron. A horizontal fibre
bafile bozrd separated the cabinet into two discrete compartments. The
lover sraller compartment cont:ined a fibre glass itray, 90 cam by 54 cm by
10 co deep with water passing through it. In the upper compartment, two
250 W imfra-red lamps were suspenced 51.5 cm above the baffle board wired
in parallel to a "Sunvic Simmerstat" tim® switch (type TXY - B) and to two
IOOIW electric light bulbs, so that when the infra-red lamps were
switched off, the 100 W bulbs aubtomatically switched on. The sample

holiers were made from round bowl-sghaped plastic dishes, 12.5 cm diameter
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“Fig. 14, - The Oxford .infra-red extractor.

Kempson, Lloyd and Ghelardi (1963) (After Vannier, 19/Oa)

Simmerstat

2504 Infra-red lamp

Fibre-board cabinet — open at the top

Protective cover

Sample material (leaf litter)

Inflow pipe for cold water

100W electric light bulb

Cotton fillet net (mesh size 2.5 mm)
Supporting plastic grid (mesh size 20 mm)
Fibre baffle boaxd

Pieric acid solution

Water bath



45

Plate - 3, Murphy Split funnels.

~- Plate ~ 4. Macfadyen high-gradient canister apparatus.
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and 5 cm deep from which the bottoms were cut out and fitted with a grid
of stiff plastic mesh (approximately 1 cn aperture). “The sanple holders
fitted tightly into holes cut in the fibre bafile board, so that the top
of each dish was level with the top of the baffle board. Another plastic
dish contgining saturated picric acid solution, was suspended below each
sample container and held to it by a tishtly Titting rubber ring 5 cm
wide cut from a car inner tube. Sixteen of these units, each containing
a soil sample, were vlaced in holes in the horizontal baffle board

so that the dishes containing the collecting fluid were partially
immersed in the cold watexr bathe The intact, inverted soil samples,

10 cm diameter and 5 cm deep were placed on circles of cotion fillet net
(eleven threads per 2.5 cm each warp and weflt) suppoxrted by the plastic-
grid. The gzp between the sides of each soil sample and its container
were filled with expanded polystyrens to prevent heat transfer between
the upper and lower compartments.- The door of the cabinet was then
closed. Ho heat was used at Tirst, but afiter three days the simmerstat
time switch was turned on to a low setting. During the fourth and fiftﬁ/
dsys, the heating period was gradually increased by adjusting the
simmerstat, and by the end of the sixth day the lamps were left on all the
time, until extraction was complete on the eighth day. Temperatures at
the g0il surface zraduslly rose from 20°C at the beginning of the extractiion

veriod o 60°C at the end.

(f) The Incfadyen hish-sradient canister extractor (ilacfadyen 1961)

This apparatus, modified by Hale (1962) dispensed with funnels and
collected arthropods directly into cylindrical aluminium canistvers of the
same dianmeter as the samvle holdexrs (Plate 4). Soil cores, 3.8 cm diameter

and 3 cn deep, were ftaken with a 501l sanpling tool similar to that



47

described by lMacfadyen (1961). The Sampling-tool contained inserts

made from laminated plastic rings which held the soil cores and also

formed the sample containers in the extraction apparatus. The plastic

rings, together with the soil cores they contained, were placed intact

and inverted on a metal zmuze (10 mesh 23 S.W.G.) fitted to the top

of each of 32 cylindrical aluminium canistexrs, . These canisters were held

to the base of the plastic rings, (now sample containers) by tight fitting
rubber bands cut from bicycle inner tubes. Iach canister contained.diétilled
water to a depth of 1 cm, which acted as a collecting fluid for the
arthropods extracted from the soil core, (Block, 1963).

Each of the 32 assemblies of soil core, sample container, sieve
and collecting canister were then carefully transferred to the extraction
apparatus. The apparatus was divided into two identical extraction
units, each accommodating 16 of the sample assemblies prepared as above
and operating independently. ZEach unit, held together in a steel angle
frame, was an elongate rectanzular box (85 cm x 35 cm x 45 cm high) zade
from asbestos sheet. In the bottom half of each box was an elongate -
rectangular water dbath (84 cm x 34 cm x 20 cm) made of perspex mounted
on sliding tracks, to facilitate the loading and unloading of the soil
samples. The sample assemblies were inserted into holes in an ésbestoé
baffle plate, forming the cover over each water bath, in such a way that
the top of the sample containers fitted flush with the surface of the
baffle plate, and the canisters were immersed in the cold water
circulating through each water bath. The water baths were then pushed
into position under the heating units, in the form of two banks of
sixteen 60 W eleétric light bulbs and these were switched on. The
light bulbs were suspended from the top of each extraction unit, ohe

bulb over each of the soil samples, Thus, each of the extraction units

was effectively divided into an upper heated compartment and a lower
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" cooled compartment enclosed within heat-proof cladding. Operating
switches and pilot bulbs were mounted on a facia panel across the front
of the apparatus. The pilot bulbs indicated when a light bulb inside the
heating compartment has ceased to function. There was no controlied
draught system in this apﬁaratus. A steep temperature gradient was
created through each soil sample by heating it from above with a 60 W
pearl electric light bulb and cooling the collecting canister below by
circulating cooled water at a temperature of 3 - 5°C through the bath,

A "Zenith Variac" transformer (type 100M) controlled the voltage passing
through the electric light bulbs above each unit and hence the heating.
The animals falling from the sample were collected into distilled water
in the canisters. Soil samples were extracted for three days with

the heating controlled at the following voltages: 60 volts for 24 hours,
100 volts for 24 to 48 hours and 140 ~olts for 48 - 72 hours. The
temperature at the soil surface rose from 20°C at the beginning of the

extraction to approximately 100°¢ by the end of the extraction period.

(z) The ilacfadyen air-conditioned funnel extractor (Macfadyen, 1961)

This apparatus was completely enclosed in a rectangular chip-board
cabinet, 123 cm x 90 cm x 74 Cm, supported on an angle framework and
lined with expanded polystyrene (Plate 5). The funnels, arranged in
six rows of three, were 25 cm high and 15 cm diameter with an included
angle of 320 narroving to an opening 1.2 cm diameter. They fitted tizhtly
into holes in removable chip-board trays and collecting vials, 2,5 cm
diameter and 5 cm deep were held in position on the bottom of the funnels
by rubber sleeves. The sample containers, 10.2 cm diameter and 5 cm deep,
were suspended abové the funnels, in holes in the baffle board, supported
by horizontal metal rods across the top of each funnel so that the upper

rim of the sample containers fitted flush with the surface of the bafile
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Macfadyen air-conditioned funnel apparatus.

—Plate - 5,
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\board: The upper part of the cabinet, which contained the heater assembly,
rested on the baffle board above the sample and was completely isolated
from the lower chamber. It was suspendéd on a pulley system and could

be raised to insert the sample containefs and then lowered again. The
heaters were 1engths of 20 gauge nichrome wires of 7.5 ohm resistance,
stretched between ceramic insulators. Bach of these providéd the heat

for threé funnels and they were arranged in pairs on each side of vertical
ducts. A fan ciiculated air in the lower compartment, with ducts arranged
so the air currents passéd over a cold watexr bath, through the coils of an
evaporator from a refrigerator unit, and passed over the lower surface of
the soil samples. The air then returned through holes in a false back-plate,
back to the fan. The air passages behind the false back-plate were

of equal length, to ensure an even air fléw to all funnels. The evaporator
coils were attached to long 1¢ngths of flexible copver pipe which completed
the ecircuit between the compressor and condenser unit housed beneath the
cabinet., The compressor was driven by a l/4 h.p., capacitor start induction
motor (230 V 50 cycles. single phase). The air temperature in the cabinet
Qas controlled by a thermostat. Intact soil cores, 10 cm diameter and 5

cm deep, were placed in an inverted position on the sieves (10 mesh,

23 S.W.G.,) at the bottom of the sample containers. Soil samples were
extracted foi nine days and the animals were collected in 70 per cent

v/v agueous ethyl alcohol and glycerol (ratio 20:1). For the first seven
days, the air in the lower cabinet waz cooled and moistened regularly,

using an atomizer driveﬁ by a compressor 1o maintain a relative humidity
greater than 85 per cent. The temperature at the upper surface of the

soil sample incressed from approximately 20°C to avbout 45°C. The refrigerator

unit was switched off on the seventh day and the relative humidity allowed



o1

“to fall.

2. Mechanical MNethods

These are nearly all based on the same form of flotation on a2 dense
liguid or‘upon the lipophilic properties of the insect cuticle. Four
methods were chosen,

(a) Simple flotation with brine

Soil samples, 10 cm diameter and 5 cm deep, were immgrsed individually
in a saturated sodium chloride solution (S.G. 1.2) in a galvanised
metal can, 30 cm diameter x 30 cm deep, and stirred until most of the
soil was in suspension in the solution. The suspension was then allowed
to settlé-and the floating material was decanted into a 150 mesh sieve.

The ppocess was repeated to ensure the collectioﬁ of all floating material.
The collected material was washed free from brine and transferred
together with about 100 ml of water, to a 500 ml, wide-necked conical
flask. Approximately 50 ml of xylene‘was added and the mixture shaken. .
The contents of the flasik were then poured iﬁto al litre begker, and the
Xylene-water interface brought to the top of the beaker by carefully

adding more water. The interface was examined under a binocular

nmicroscope at X 16 and X 32 magnifications, with wide-field eye~-pieces,

and the animals picked out with a small spoon, made from wire flattened

at the end, and counted.

(b) The Salt & Hollbck method of flotation (Salt & Hollick, 1944)

The method and apparatus used was modified slightly from that
described by Salt & Hollick (Plates 6&7). Soil samples 10 ca diameter
and 5 ca deep, were put_in water-tight cans, water added and they
were then frozen at -10°C and stored at this temperature. FEach sanple
was thawed before processing and the soil washed under a high pressure

jet of water through two sieves with successively smzller mesh into a
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Plate -~ €., BSalt & Hollick wet-sieving apparatus,
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Plate - 7. Salt & Hollick flotation apparatus.
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reservoir below., The méshes of the two sieves were 7 mm and 2,5 mm
respectively. laterial retained by the 7 mm mesh was washed, teased
apart if necessary washed again and fhen discarded, and fragments
retained by the 2,5 mm mesh were washed into the reservoir can at the
botton of the apvaratus. Excess water and material in suspension overflowed
from the reservoir into another deep container with an overflow lip and a
120 mesh (43 S.W.G.) sieve in the bottom, termed a "Iadell" container,
The water andAfine silt particles passed through the 120 nesh sieve
(apeture 0.12 mm) and out to the drain, After all the material was
washed from the sieves the reservolir was tilted and the contents washed
into the "Ladell" container, which was then allowed to drain and
placed on a stand on which it could be pivoted and tilted.

A szturated solution of magnesium sulphate (5,G.1,2) was added to
the "Ladell" container so that the organic material would floét to
its surface. Compressed air, passed through the base of the "Ladell”
container, agitated the soil and released tranped oxrganic particles
which flozted to the surface, The organic material-on the surface was
then decanted into a cylindrical glass tube, 5 cm diameter and 17.5 cm
long, covered at the base with a piece of 180 mesh bolting silk held by an
elastic band. The organic material retained by the bolting silk wes
washed, then shaken in a flask with water and xylene, transferred to a 1-
litre beaker and the animals were picked off the xylene-water interface with

a small wire spoon as in (a),

(¢) The Rdwards & Heath method of flotation (Fivards & Heath, 1962)

This apnaratus was a mechanisation of the Salt & Hollick apparatus
(Plate 8)., The "iadell" container was of black polythene with a 180 mesh
sieve at the bottom., IFour of these modified "ladell" contzainers rested

in four largze plastic funnels which could rotate about their vertical



Plate - 8, Edwards & Heath wet-sieving and flotation method,

Plate - 9, Aucamp's grease film apparatus.
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axes., The funnels were held loosely in holes in a plyﬁood frame by four
small freely rotating wheels, Attached to the stem of each funnel

was a wooden disc, around the perimeter of which the drive wheels moved.
The drive was supplied to each unit by belt and pulley arrangements,
independently zttached to 2 common longitudinal driving.shaft, powered by
a 1/4 h.p. electric motor. This arrangement allowed each "Ladell"
container and the funnel in which it was resting, to be rotated
independently. The soil samples stored at —lOOC, were thawed and --
placed in wire mesh baskets (4 mesh, S.W.G.) standing on wire feet resting .
on the "Ladell" sieve., Each soil sample was sprayed with water from two
flat fish-tail jets. One played across the base of the sieve to
prevent it blocking with silt and the othér was directed vertically
downwards to breazk up the soil as the container rotated., The water and
fine silt particles that passed tihrough the sieve were collected in

_the funnels supporting the "Ladell" containers, then flowed along
channel-ways to a settling tank and then to the drain. The water jets
were fixed to a counter-poised bar, which could bé raised to allow the
"Ladell" containers to be removed and the samples replaced, BEach soil
sample was washed for 10 - 30 minutes depending on the soil type and
any material retained in the wire basket was washed above the "Ladell"
contziner, teased apart if necessary washed again and discarded. The
subsequent procedure was similar to the Salt & Hollick method with a

flotation and xylene/water separation stage, (Pdwards et al,, 1970).

(@) The grease film method of extraction (Aucamp & Ryke 1965)

This apparatus which was modified from that orizinally described
(Plate 9) consisted of two rectangular plastic tanks (7.5 cm x 10 x 20 cm)

each containinz two removable plastic plates 20 cm x 10 cm which slid
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into tracks in the walls of the tank so they were held against the

inner surfaces, These plates were coated on the inner surface with a

thin layer of Shell white petroleum jelly. The soil samples, 5 cm diameter
and 5 cm deep, were stored at -lOOC, then thawed and allowed to stand in
beakers of water, with occasional stirring, for one hour. This broke up soil
particles and separated any tangled roots-present. The water-soil mixtures
were poured into the two plastic tanks, with one sample per tank and water
added to make them of equal weight. A 1lid, fitted onto each tank, was
made water-tizht with a rubber seal and clamp device. The tanks were ;hén
fitted into a fr:ﬁe which rotated about its horizontal axis, and could be
tilted to a vertical position to facilitate loading. The frame rotated

at 16 re&olutions per minute on a central axis, driven by a variable

speed electric motor. Iach pair of samples was rotated for 15 minutes.

The grease plates were removed and examined under a binocular microscope

(x 25 magnification)., Parallel grid lines were marked on each grease
plate to ensure a complete examination was made. Most of the animals could

v

be identified while still enbedded in the grease.

IV. A comparison of the relative efficiencies of eleven commonly used

extraction methods on a single soil-tvpe in woodland, vasture and

fallowed-arable habitats.

1. Introduction

The relative efficiencies of the methods of extraction described in
section III were compared for most of theAdifferent groups of soil
arthropods. Samples were taken from each of a woodland, pasture and .
arable site, all on a2 single silt-clay loam type of soil at Rothamsted
farm,

The three sampling sites were situated thirty metres apart, at the

point where the three different habitats (llanor Wood, Bones Close and
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‘Pastures) meet. Each site was sampled separately, Manor Wood (a mixed

deciduous woodland) on October 31st, 1966, Bones Close field (permanent
pastur@.on Hovember 30th, 1966, and Pastures field (fallowed arable) on
March 6th, 1967.

At each site a uniform area, 6 m sq., was clezred of surface litter
such as undecomposed leaves and the larger plant debris and vegetatioﬁ tallex
than 2 cm was cut with clippers and remaved before sampling. The size of
soil samples taken for this comparison was determined by the extraction
apparatus. Tor mogt of the extraction methods, soil cores 10 cm diémé;er
and 5 cm deep were‘used. The Furphy split-funnel apparatus and the grease-
film method of extraction used soil cores 5 cm diameter and 5 cm deep
and Macfadyen's high-gradient cznister apparatus used soil cores 3.8 cm
diameter and 3 cm deep.

Sixteen replicates of the standard 10 cm diameter and 5 cm deep cores,
and thirty—th replicates of the smaller soil cores were taken for each
method at each site. To account for the discrepancy in soil sample size
when comparing the relative efficiencies of the different extraction
methods, the numbers of arthropods extracted froﬁ the smaller samples were
multiplied by & correction factor based on the volume of soil in each

sample.

2, DMethods

Soil samples were takeﬁ from a uniform square area at each site
which was marked with wooden pegs and string. The area (6 m sq.) was
large enough to provide all the samples required, and was sub=-divided into
16 grid-units each 1.5 m square, 411 soil samples included surface litter
and vegetation, but large litter particles and vegetation taller than 2 cm
had been carefully removed from the sampling area. The sixteen replicate

soil cores, which were used for most of the extraction methods, were taken



" at random from each one of the sixteen grid units. For those methods
that required thirty-two sampleé, two soil cores were taken at random
from each grid-unit. This stratified random sampling pattern was used
to minimise variation due to the uneven distribution of animals expected
within the sampling ares.

A1l the larger soil cores (10 cm diameter, 5.cm deep), except
those to be extracted by the HMacfadyen high-gradient funnel extractor,
were taken with a modified turf renovating tool (Fiz. 15a) This consisted
of a steei cylinder (10 cm internal diameter and 58 cm long), one end of
which was sharpened to a cutting edge, the other attached to a shaft
(75 cm ;ong) with a cross-bar for a handle. A metal ejector plate
was freely suspendéd from the shaft, allowing a piston-like action of the
ejector plate inside the steel cylinder, which aided the removal of the
soil cores from the cylinder. IMacfadyen (1961) was critical of sampling
tools with ejector plates beeause of the samplé compression caused wnen
renoving the soil core from the steel c¢ylinder, To overcome these
criticisms, the steel cylinder was fitted with a plastic insert, 2 5 cm
length of rainwater pipe, 1C cm internal diameter, before each sample
was taken. The soil cores were then ejected from the sampling tool
by the pressure exerted on the upper lip of the plastic insert, thus
avoiding extra compression 6f the soil sample, |

The sampling tool was held vertical to the soil surface and twisted
whilst aprlying downward pressure so thap the cutting edge was driven to
Just below the required depth of 5 cm. The soil core was broken from the
underlying soil by a complete revolution of the sampling tool and
removed from the cylinder using the ejector plate. The steel cuttiﬁg
edge of the sampler was sharpened regularly and care was taken to
minimize compression and disturbance of the soil core,

Samples to be used on the Hacfadyen air-conditioned funnel apparatus
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(10 cm diameter, 5 em deep) were -taken using the welded steel plate rims

of the sample holders. These sample Lolders, removed from the apparatus,
were driven into the soil by hand using a block of wood and released from
the underlying soii using aAsﬁarp knife,

| The smaller samples, 5 cm diameter by 5 cm deep and 3.8 cm diameter
by 3 cm deep, were taken from the soil using cylindrical, plastic.pill—boxes
(supplied by Pioneer Plastics Ltd., Feltham, Essex). The lids of these |
pill-boxes were removed and the plastic cylinders were driven into the

soil by hand. A sharp knife released the soil core from the underlying -
soil,

A1l the soil cores, obtained as described, were trimmed to the
required depth and placed in pﬁe—labelled polythene bags before being
‘transported to the laboratory. The samples for extraction on the
Macfadyen high-gradient canister apparatus and the Murphy split-funnel
extractor, retained in their plastic pill-boxes, were parcelled in
cardboard boxes with shock-proof packing and posted respectively to .
Dr. Springett, The Nature Conservancy, llerlewood, Lancs., and Dr. Hurphy, |
The School of Agriculture,_Sutton Bonnington, Hotts. It had been
previously arranged that upon receipt of these samples, Dr. Sprinzett
and Dr. Murphy would place the samples on their extracfion equipment
immediately, and that the arthropods recovered would be preserved and
teturned by post. All the samples to be extracted by dry-funnel methods
at Rothamsted were stored for three days =% 5°C so all samples were extracted
at approximately the same time, | |

All the dry-fumnel samples weﬁe placed in the extraction apparatus
intact and in an inverted position. Samples were extracted into 70,: aqueous
ethyl alcohol containing glycerol (ratio 20 : 1), (except for the
Macfadyen canister apparatus, which used distilled water and the Kempson

infra-red extractor which used saturated viecric acid solution).
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:The soil samples extracted by mechanical methods were soaked in tap-water
and stored in tins; the others were stored in inaividuél polythene

bags. It was anticipated that variations in thé numdbers of artﬁropods
recovered from adjacent soil saﬁples by the same method could be
cbnsiderable. From earlier data collected at Rothamsted, sixteen sample
units was the minimum number required to assess the relati%e numpers |
of most groups of arthropods with an éccuracy within 20%,

The smaller the populations of animals are, or the ﬁore they are
aggregated, the more samples are necessgry to obtain a population -
estimate of the same accuracy. Samples were limited to a depth of
5 cm: . because more than 80% of soil arthropods occur in this layer
at the times of the year when samples were téken.

The arthropods collected with the different methods of extraction
were stored in 70% aqueous ethyl alcohol conteinin: glycerol (zratio 20 : 1)
until they could be.sorted into taxonomic categories. The categories
were chosen so that the arthropods could be relatively easily sorted into
them., The total number of animals that had to be examined in order to
obtain data with statistical validity, was so great, that further
identification was impossible, For instance, in this stage of the
investigation alone, 576 soil samples were examined, each containing
between 50 and 1000 animals, Ilost of the counting and identification
wvas done ﬁsinget}ﬁzncular microscoPe and incident lighting. lMany of
" the microarthropods in the collecting tubes floated on the surfgce of
the alcohol mixture, 3efore bounting and identification began, the open
tubes were placed in an oven ail 60°C for a short period. The addition of
a small drop of ether to each tube, together with the heating process,
caused most animals remaining at the surface to sink to the bottom

(Macfadyen, 1962a). The contents of each storaje tube were washed with

alconol (705) into a square flat-bottomed perspex dish with sloping



sides, and with the basé marked with a grid éf squares, The tray was

on a sliding stage, which allowed each square of the grid to be examined
separately. Arthropods that could not be identified in this way were
picked from the dish with a wire spoon,_mounted in lactic acid, and

identified with transmitted light under a more powerful microscope.

Résults

The data from the comparisons are summarised in Figs, 16-25.
The numbers of animals recovered from the smaller soil samples were
multiplied by volume conversion factors, making data comparable with
the 10 cms. diameter 5 cms. deep samples.

Soil arthropods are usually aggregate@ in soil (Debauch, 1962;
Healy, 1962; Hughes, 1962) which accounts for the variation in the
numbers of animals recovered from adjacent soil samples. Soil animals are
seldom randomly diétributed in the soil, so all data were transforaed
to log (n + 1) before statistical analysis. Significant differences
between extraction methods were assessed using Tukey's (1953) w-procedure -~
based on the standard error of a treatnent mean multiplied by a factor
obtained from a table of fhe "Upper percentage points of the Studentized
range". The comparisons are summarized for the three habitaté' in Tables
1, 2 and 3 and the significant differences in Figs.26-28. Highly
significant differences occurred between sites, methods, taxonomic
categories and interactions.

The woodland so0il contained most animals, and the arable fewest.
It is presumed that no method extracted all the animals from a soil
sample, SO the absolute efficisncy of the techniques could not be
estimated, but the relative efficiency for each different group of
arthroPOds‘could be assessed, although these varied for the different

sites. Ilechanical methods, previously believed to be more efficient
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Legend for Tables I, II and III

A.  Simple plastic funnel

B. Rothamsted Berlese/Tullgren funnel (without heat)
C. Rothamsted Berlese/Tullgren funnel (with heat)

D. Murphy split funnel

E. Oxford infra-red extractor

F. Macfadyeh small canister extractor

G. Macfadyen high gradient funnel

H. Simple brine flotation

I. Salt and Hollick flotation

J. Edwards and Heath flotation

K. Grease film extractor

**  Differences significant at the 1% probability level

* Differences significant at the 5% probability level



Table 1. A COMPARISON OF ELEVEN METHODS OF EXTRACTING ARTHROPOD FAUNA FROM WOODLAND SOIL

" (Animal count as Log (n + 1) mean of 16 soil cores)

ANIMAL GROUP
ARACHNIOA

PSEUODSCORPIONES
ARANEAE
ACARI
PROSTIGMATA
MESOSTIGMATA
GAMASINA
{LESS)RHOOACARIDAE
UROPODINA
ASTIGMATA
CRYPTOSTIGMATA

INSECTA

COLLEMBOLA
ONYCHIURIOAE
POOURIDAE
ISOTOMIDAE
ENTOMOBRYIOAE
SMINTHURIOAE

OIPTERA
COLEOPTERA
THYSANOPTERA
HEMIPTERA
HYMENOPTERA
PSOCOPTERA
PROTURA
DIPLURA

MYRIAPOOA

CHILOPOOA
0IPLOPOOA
SYMPHYLA

PAUROPOOA

CRUSTACEA
1S0POOA

' TUKEY'S F
EXTRACTION METHOOS (SEE LEGEND p.74) | 0

A 8 c 0 E F G Heood J K S.E.  L.S.0. 0.05 0.0  VALUE
0.037 0.153 0.067 0.059 0.075 0.053 0.200 0.086 0.19 0.048 0.194 0.047 0,124 0.216 0.250 2.273*
0.13% 0.184 0.142 0.147 0.05 0.106 0.292 0.067 0.180 0.123 0.402 0.062 0.163 0.285 0.329 2.708*
1.145 1,38 1.506 1.515 i.415 1,142 1.857 0.606 0.466 0.340 0.927 "0.091 0.270 0.419 0.483 28.314%*
0.985 1.008 1.117 1,127 1.083 1.132 1.387 0.959 0.903 0.767 1.245 0.076 0.200 0.350 0.403 4,828%*
0.116 0,247 0.283 0,310 0.432 0.185 0.391 0,294 0.327 0.216 0.295 0.080 0.210 0.368 0.424 1.295

.785 1105 1.209 1.259 1.164 1.413 1.553 0.918 1.126 1.111 1.201 0.078 0.205 0,359 0.414 6.455%*
0.067 0.123 0,435 0.367 0.517 0.694 0.562 0.387 0.251 0.370 0.45] 0,077 0,203 0,358 0,409 5,08]**
1.525 1.760 1.778 1.8% 1.759 1.746 2,070 1.399 1.672 1.633 1.961 0.054 0.142 0.248 0.286 12,912**
0.547 0.498 1,126 0.685 1.066 1.071 1.278 0.942 1,283 1,296 1.522 0,100 0.263 0.460 0.530 11.002%*
0.048 0,142 0.256 0.099 0.221 0.334 0.535 0.150 0.199 0.037 0.048 0,064 0.168 0.294 0,340 5.201%
1,292 1.466 1.794 1.628 1.853 1.707 2.064 0.777 0.665 0.232 1.734 0.075 0.197 0.345 0.398 50.191**
0.243 0.400 0.441 0.245 0.321 0,211 0.584 0 0.172 0 0.416 0.066 0.174 0.304 0.350 7.663**
0.943 1,212 1,240 1,152 1.383 0.700 1.499 1.492 0,369 0.097 0,738 0.085 0.224 0,391 0,450 31.313**
0.485 0.488 0.593 0,822 0.800 1.083 0.960 0,512 0.945 0.326 0.717 0.102 0.268 0.469 0.580 5.224%*
0.408 0.504 0,385 0.537 0.393 0.175 0.696 0.408 0.476 0.377 0.580 0.079 0.208 ~ 0.363 0.419 3,123+
0.029 0.048 0 0 0.056 0.053 0.067 0.086 0,019 0.322 0.111 0.082 0.110 0.193 0.222 4.436**
0 0.048 0.029 0.029 0.043 0.122 0.108 0.105 0.08 0  0.097 0.046 0.121 0.212 0.244 0.892
0 0.018 0.018 0.029 0 0.053 0.037 0.067 0.056 0.105 O 0.028 0.074 0.129 0.148 1.376
0 0.037 0.037 0.043 0.075 0 0.056 0 0.048 0.037 0,097 0.032 0.08¢ 0.147 0.170 0.925
0 0 0.037 0.103 0.075 0 0.178 0.018 0.018 0 0 0.033 0.087 0.152 0.175 3.123%
0 0 0 0.029 0 0 0 0 0 0 0 0.010 0.026 0.046 0,056 1.000
0.340 0.418 0.451 0.617 0.427 0,439 0.598 0,258 0.372 0.169 0.393 0,078 0.205 0.359 0.414 2.749*
0.172 0.150 0,423 0.149 0.202 0,281 0,38 0,194 0.184 0131 0 : 0,060 0.158 0,276 0.319 3.837%
0.037 0.037 0 0.029 0.056 0 0.048 0 0.037 0 0 0.022 0.058 0,101 0.116 1.133
0.131 0.056 0.067 0.073 0.105 0.106 0.238 0.018 0.029 0 0 0.047 0.110 0.193 0.223 2.695*
0.770 0.598 0,756 1.157 0.983 0.843 1.546 0,353 0.416 0.037 0.122 0.093 0.245 0.428 0.494 23.298"*

Sl



Table II, A COMPARISON OF ELEVEN METHODS OF EXTRACTING ARTHROPOD FAUNA FROM GRASSLAND SOIL

) (An;mal count as Log (N + 1) mean of 16 soil cores)

'mm. ls
‘ D F
ANIMAL, GROVP A B. c D E F G { I J K S.E. LS.D. 0,05 0,01  VALUE
ARACHNIDA
ARANEAB 0,018 © 0,018 0o 0,018 © 0 0,018 0,037 0,067 0,038 0,020 0,053 0,092 0,105 1,191
ACARI
PROSTIGMATA 0,920 1,188 1,367 1.297 1,203 0460 1440 0,471 0,370 0.597 0,507 0.102 0,268 0.469 0,530 16.906**
MESOSTIGMATA
GAMASINA 1038 1,115 1.04F 0,784 1,183 0,786 1416 0,764 0.973 0,982 0,756 0,096 0.252 0.2 0,546  4,927%°
(LESS)RHODACARIDAE 0,368 0,591 0,792 0,38 0,815 0,281 0,537 0,460 0,583 0.524 0,259 0,081 0,213 0.373 0,456  5,840%¢
UROPODINA 0,100 0,103 0,134 0,059 0.154 © 0.316 0,216 0.306 0,299 0,155 0,069 0,181 0.317 0,400 2,334*
ASTIGMATA 0,067 0,150 0,875 0.416 1,100 0,175 1.149 0,629 0.579 0,825 0,314 0,089 0,234 0,409 0,520 18,207**
CRYPTOSTIGMATA 0.356 0438 0,520 0,162 0,217 0,202 0,583 0,206 0,284 0,270 0,487 0,082 0,216 ~ 0,377 0.5h5  3,264°+
INSECTA
COLLEMBOLA ’ ‘
ONYCHIURIDAE 0.277 0,318 0,485 0,201 0,570 0 0,545 0,642 0,699 0,670 0,409 0,093 0,245 0,428 0,503 5,658+
PODURIDAE 1068 1,115 1,313 0,713 1,160 0,325 1,478 1,106 1.233 0,972 0,762 0,085 0,224 0.391 0,466 14,388
ISOTOMIDAE 1,730 14697 1,698 1,394 14731 04653 1,935 1.1%2  1.143  0.72% 1,020 0,090 0,237 0414 0,505 24,861°*
ENTOMNOBRYIDAE 0. 0,037 0,048 © 0 0 0.056. o0 0,056 0,018 o 0,020 0,053 0.092 1424
SHINTHURIDAE T 14606 1,496 14663 14635 0,158 1,696 0,516 0,296 0,105 0,607 0,061 0,160 0,231 0,344 126,980**
DIPTERA 0,372 0,350 0,622 04351 04737 0,439 0,870 0,681 1,090 1,176 0.223 0,079 0.203 0,363  O.4h2 16.351°
COLZOPTERA 0,270 0,383 0,359 0,122 04335 0,158 0,529 0,123 0,197 0,275 0,060 0,063 0,166 0.290 0,340 5,015%*
THYSANOPTERA 0 0,018 0,018 0,029 0,056 © 0,018 0 0.169 0,481 © 0,04 0,116 0,202 0,230 11.270**
HEMIPTERA 0.037 0,153 0,100 0,258 0 0 0,105 0,108 0,197 0,197 0,083 0,053 0,139 0.244  0.277 2,H4B*
HYMENOPTERA 0 0 0 0,059 0 0 0.018 0 0 0,018 0 0,014 0,037 0,064 0,073 1.584
PSOCCPTERA 0 0 0 0 0 0 0.043 0 0 0.029 0 0,014  0.037 0,064 0,073 1.441
PROTRURA 0 0 0 0 0 0 0 0,018 © 0 ] 0,002 0,005 0,009 0.010 1,000
MYRTAPODA - .
PAUROPODA 0 0.037 O 0 0 0 0 0 0 0 0,029 0,010 0,026 0,046 0,052 1347
CRUSTACEA
ISOPODA 0 0 0 0 0 0 0,018 0 0 ] 0 0,002 0,005 0,009 0,010 1,000

R



Table ITT, A COMPARISON OF ELEVEN METHODS OF EXTRAGTING ARTHROPOD FAUNA FROM FALIOW ARABLE SOIL

I

(Animal count as Log (n + 1) mean of 16 soil cores)

o - . , TUKEY'S
ANIMAL GROUP : : o . D F
A B c D E F G H I J K S.E. L.S.D. 0,05 0,01 VALUE
ARACHNIDA
ARANEAE . 04056 0,019 0,038 0,060 0,019 © 0.038 0,146 0,169 0,086 0,062 0,037 0,057 0,170 0,199 1,963
ACART |
PROSTIGMATA 0 0,075 0,038 0,842 0.075 0,160 0,276 0,056 0,225 0.12% 0,097 0.05% . 0,142 0,248 0,282  19,452** =g
MESOSTIGMATA ’ Y |
GAMASINA 0.25%  0.25% 0,206 0,255 0,195 0,288 0,486 0,240 0.497 0,338 0,365 0,073 0,192 0:336 0,373 2.,197°
(LESS )RHODACARIDAE 0 0,019 © 0 0 0 0 ] 0 0.019 0 0,010 0.026 0.046 0,052 0,903
UROPODINA 0 0 0 0 0 0 0 0 0,019 © ] 0.002 0,005 0,009 0,010 1,000
ASTIGMATA - 0019 0,019 0,019 0,513 0.019 0.053 0,116 0,067 0.124 0,086 © 0,047 0.124 0,216 0,218 9.,293**
. CRYPTOSTIGMATA 0,094 0,049 0,019 0,163 0.075 0,053 0,229 0,038 0,460 0,162 0,208 0,052 0,137 0,239 0,283  5.904**
INSECTA
COLLEMBOLA :
ONYCHIURIDAE 0,038 0,019 © 0 0,019 0 0 0 0,162 0,162 0 0,026 0,068 0.120 0,136  5,980**
PODURIDAE 0,057 0,038 0,029 0.030 O ] 0,151 0,094 0,086 0,207 0,097 0,039 0,103 04179 04197  2.827¢
ISOTOMIDAE _ 10,976 0,667 0,787 0,670 0.79% 0,517 1.5%% 0,798 0.918 0,229 1.3 0,092 0.242 0.423 0468 16,982+
ENTOMOBRYIDAE 0.056 0,038 0.105 © 0,030 0 0.086° 0,038 0.056 © o 0.026 0,068 0,120 0,136  1.809
SMINTHURIDAE 16299 14020 1.17h 1,061 1,076 04555 1,901 0,843 0,764 0,392 1,577 0.084 0.221 0,386 Ak 27.317*°
DIPTERA 0,100 0,049  0.27% 0,112 0,241 04053 0,289 0,038 0,143 0,056 0.146 0.05% 00142 0.248 0,279  3.027**
COLEOPTERA 0.105 0,049 0,075 0,030 04132 0,053 0,210 0,097 0,151 0,019 0,049 0,042 0.110 0,193  0.223 1,948
THYSANOPTERA 0 0 0 0 0.038 o© 0,019 0,086 0,094 0,056 0.049 0,026 0,068 0,120  0.142 1.799
HEMIPTERA 0 o o o o o o 0,019 0 o 0.049 0,014 0.037 0,064  0.073 0,932
HYMEROPTERA 0 0 0 0.030 0 0 o - 0 0 0 ] 0,010 0,022 0,046 0,052 1,000
PSOCOPTERA 0 0.019 0,019 0,119 0,019 0 0,078 0 0,105 © 0 0.026 0,068 0,120 0,135  3.046
MYRIAPODA
CHILOPODA - . 0 0 0 0 0 0 0 0 0,019 0 0 0,002 0,005 0,009 0,010 1,000
DIPLOPODA 0 ] 0 0 0.019 0 0 0,019 0 0 0 0,010 0,026 0,046 0,052 0,903
SYMPHYLA o} 0 0 o} 0,019 0 0 0 0 0 0 . 0,002 0,005 0,009 0,010 1,000
PAUROPCDA 0 0 0,189 o0 0 .0 0 0 0 0 0 0,002 0,005 0,009 0.010 1,000
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Murphy split funneis H- H % —% ¥ -
Kempson infra-red extractor ¥* - %* % * ¥ ¥ -
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Simple brine flotation ‘ # - * * - ¥% % - -
Salt and Hollick flotation ¥ H *H — % ¥ - -
|Heath and Edwards fiotation * — ¥ ¥ H¥* % -
Gregse_film extraction ¥ — ¥ — - - - —



than dynamic methods for heavy clay soils, were found to be less
efficient for most groups of arthropods in woodland and pasture but the
relative efficiency of mechanical methods increased, and for some

groups of arthrbpods exceeded that of dynamic methods on the fallow site,
Probably this was because there was less undecomposed organic matter on the
fallow site to interfere with the xylene/water flotation siage or to
stick to the grease-film, It was very clear that the most efficient
method used on all sites for most groups of arthropods was the Macfadyen
high-gradient funnel apparatus. This method extracted the highest mea;
number of most.groups of soil arthropods on all sites, and often the
increase in the relative efficiency was greater thaﬁ 5050 Other
comparatively efficient methods were Kempson's infra-red apparatus,
Murphy's split funnels and the Rothamsted Tullgren funnels. The tot;i
nunbers of soil arthropods extracted by these three methods were .
approximately equal, but the relative efficiency differed greatly for
different groups of zrthropods and different sites. The plastic funnels
with no heat and fhe Rothamsted Tullgren fumnels with no heat were the
least efficient of ali the dynamic methods, but the numbers of arthropods
extracted by them sometimes equalled and occasionally exceeded the numbers
.extracted by the more sophisticated dynamic methods, Relatively low
nunbers of most groups of arthropods were recovered with the Macfadyen
canister apparatus.

The numbers of arthropods extracted by mechanical methods were

usually fewer than those extracted by dynamic methods. All of the
mechanical methods tended to recover similar numbers of arthropods, although,

as with dynamic methods, their relative efficiency differed greatly

for different sites and different groups of arthropods. Only on the fallow
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- site, did the number of arthropods recovered by mechanical methods
compare favourably with those recovered by dynamic methods. Hot all
groups of soil arthropods were extracted ineificiently by mechanical
methods. On all sites, mechanical methods usually recovered more

of the larger arthropod animals than the dynamic methods, (Partigularly
Insecta) glthough few of these differences were significant, It is
possible that in some cases the mesh size of the sieves used in the
‘dynamic methods was too small for the efficient recovery of thege ~
larger animals, Mechanical methods usually extracted more onychiurid
-springtails from all sites than did dynamic methods, and to a lesser
extent more podurid sprinstails were extracted by mechanical methods
except on the woodland site, |

Dynamic -methods were markedly more efficient than mechanical
methods for extracting prostigmafid mites and isotomid and sminthurid
springtails from the woodland and pasture sites but were énly equal
in efficiency to mechanical methods for these grouvs on the fallow
site. Significantly more Isopoda were extracted by dynamic methods
on the woodland site than by mechanical methods; more Symphyla,
Pauropoda, Diplopoda and Chilopoda were also extfacted b; dynamic methods
from woodland éoil than by mechanicz2l methods but these differences were
not significant. Few of these arthropods were found in either the
pasture or fallow sites so it 1s difficult to compare da=ta.

The same basic principles of steep gradients of temperature and
relative humidity are used in both the iacfadyen high-gradient canister
apparatus ani air~conditioned fumnels to extrazct the arthropod fauna
from soil cores. The relative efficiency of the canister apparatus
wgs often much less than that of other apparatus, particularly the
ailr-conditioned funnels. To determine the reasons for this large

difference in efficiency between apparatus based on similar principles,
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the canister apparatus was brought to Rothamsted and its efficiency
was compared with the funnel apparatus, using soil cores from the
asture site. The results of $his com@arison, summarized in Table 4,
show that efficiency of the canister apparatus relative to the previous
comparizon improved. In particular, two groups of =oil arthropods, the
Astigmata and the Diptera, were extracted more efficiently by the
canister apparatus than by the air-conditioned funnels, Although the
funnel apparatus was still more efficieﬁt for most other groups of soil
arthropods in this seconﬂ comparison, the difference between the
numbers of arthropods extracted by the two methods was not as great
as that found in the first comparison of methods. A third, comparisoﬁ
of these two methods was made in an attempt to explain the large
differences obtained in the original comparison. In this, the recommended
temperature regime of the cenister npparatus.was changed and made
comparable with that used for the air-conditioned funnel apparatus,
rising from 20°¢C o 35°C in the first 12 hr. period, and then gradually
to 45°C towards the end of the extraction period. At these lower
tenperatures the seoil cores in the canister apparatus dried very slowly
and the extraction could not be considered completed until the tenth
day. The results of the third comparison, Table 5, show the canister
apparatus to be much less efficient when lower temperatures are used,
even when the ex{raction is continued over a much longer period. The
conparison of methods on different sites used the recommended
temperature regimes of Block (1966) for the high-gradient canister
apparatus, but, if for some unknown reason, the soil samples did not
desiccate, and there was no controlled draught system in the desizn of
this apparatus, this could explain why relatively low numbers of

arthropods were recovered., Another possibility is that the small
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COMPARISON OF METHODS

TRUATHENT - MACFADYZ™ HIGH-GRADIZNT CANISTER APPARATUS v
HACFADYEN AIR-CONDITIONZD FUNMEL APPARATUS.

SOIL TYPE - BATCOMBE SILT-CLAY LOAM
SITE - GRASSLAND, HIGHFIELD, ROTHAMSTED

SAMPLES - 32 x 3.3 cm diameter and 3 cm deep cores v
16 x 10 cm diameter and 5 cm deep cores.

(irthropods from canister samples cultiplied
by volume conversion factor to allow direct
comparison. )

PN
METHOD | ADIUSTED M3 TRANSFORIAZD HORE LEVEL
MZANS OF OF 16 |MZANS-LCG (n + 1) | EFFIC/ | OF SIGNI/
AUTHAL 32 COR3S ‘CORiS IGNT FICAICE
GROUP CANISTIR|FULNZL| C. F. | 5.5, |METHOD
ARACHNIDA ,
Acari - :
Prostigmata 22,5 25,4 1.16011.297{0.1183 - -
Mesostigmata
Gamasina (less)| 20.4 31.6[1.115(1,460[0.1218 | - -
Rhodacaridae 0.7 1.2{0.106[0.236]|0.0721 F **
Urovpodina 2.3 '5.0{0.194]0.513|0.1239 - -
Astigmata 9.1 21.7{1.735(1.236|0.0900 o *x
Cryptostigmata 31.7 71.0[1.696|1.660(1.1316 - -
Ti5ECTA
Collembola
Onychiuridae 12.6 2%4.110,857(1.182]0.1342 - -
Poduridae 7okt 22.6[/0.651{1.253|0.1315 F **
Isotomidae 2041 130.0{1.239]1.963|0.1283 F b
Intomobryidae - 0.0 0.4 0.000{0.113}0.0329 F *
Sminthuridae 2.1 31.9| 0.268(1.414{0.0985 F *x
Divtera 3142 7.3l 1.423|0,34910.C693 c *x
Coleovtera 4,3 3.5} 0.335| 0.593] 0. 1044 - -
Thysanoptera 7.5 2.1 0.106{ 0.374]0.0755 F *
Hemiptera 0.0 1.7] 0.000] 0.305{0,0562 F **
IIrmenoptera 0.0 0.3| 0.000| 0.075{0,0307 - -
Psocoptera 0.0 0.5| 0.000| 0,186 0,0429 F *x
C - canister apparatus more efficient

funnel apvaratus more efficient

- significant difference between means at the 1 level

~ significant difference between mecans at the 53 level

'~ - means not significantly different.
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TASEE 5, COHPARISON OF METHODS .
 TREATHSNT - MACFADYEN HIGH-GRADIZNT CANISTER APPARATUS v.
MACFADYZN AIR-CONDITIONED FUNNEL APPARATUS
(REP=AT -~ USING LOW TERMPZRATURE REGIIE IN TuR
MACFADY=N HIGH-GRADIENT CANISTER APPARATUS)
SOIL TYPE -~ BATCCHMBE SILT-CLAY LOAH
SITE ~ GRASSLAND, HIGHFISLD, ROTHAMSTED

SAMPIES - 32 x 3.9 cm diameter and 3 cm deep cores V.
16 x 10.2 cm diameter and 5.1 cm ceep cores.

(Arthropods from canister samples multiplied
by volume conversion factor to allow dircct

comparison)
.)_;“ v _ H
mmop | ADIUSTD HUANS | ppnromgp | HORE | LEVEL
MZANS OF:OF 16 MEANS-IOG (n + 1) EFFIC/ | OF
AN THAL 32 COR®S COR=ES | - IENT SIGNI/
‘ G;OUP- _ 7 METHOD | FIC.NCE
- CANISTER|FUMNEL C. | F. S.E.
ARACHIIIDA
Acari . : . _
Prostigmata L,2 23.5 P.513]1.337|0.0944 F o
Hesostigmata
Gamasina 13.3 1846 D.65411.178/0.1318 - -
Astigmata Selt 15.9 P.508(1.240]0,1050 F *x
Cryptostigmata 25.2 70.0 0.927(1.383|0.1764 - -
INSECTA
Collembola .
Onychiuridae 2.7 9.9 P.247/0,930(0.0923 F o
Isotomidae 20.1 | 105¢1 P.919|1.617|0.1577 - -
Sminthuridae 8.4 31.7 D.675|1.456|0.1141 T *x
Diptera Seb 6.8 p.518/0.85210.1115 - -
Coleoptera 3.9 5.3 P.426|0.748|0.1004 - -
Psocoptera 0.k 0.2 D.053|0.049 |0, 0445 - -
C - canister apparafus more efficient
F -~ funnel apvaratus more efficient

wox significant difference between means at the 15 level

~ - means not significantly differént
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"size of the soil cores decreased the efficiency of extraction due to the
increased edge effects which occur when the soil core is taken (Murphy,
19622) Fale's modification of the origiﬁal Macfadyen canister apparatus
included decreasing the surface area of the soil sample from 50 cm2

%o 11.35 cm.

Discussion

This part of the study compared seven dynamic methods and four |
mechanical methods for extracting arthropods from the same type of sogi.
Three comparisons were made, in different ecological habitats, aoodland,
grassland and fallow arable sites. The apparafus and techniques used
in thesé comparisons were usually those described in the literature by
their authors, but some of them were modified. For instance, the
Macfadyen high-gradient canister apparatus was that modified by
Hale and the use of the Kempson, ILloyd aﬁd Ghelardi (K.L.G.) infra-red
extractor, wnich had previously extracted only woodland litter, were
obvious exémples of such ﬁodificaﬁions in construction and use.

The results of these comparisons show very large differences in'the
numbers of arthropods extracted from a small area of the same soil by the
different methods at an& one site, and also that the relative efficiency
of any one method‘ changes when used on different habitats. The nuﬁber
of samples and the sampling procedure were chosen to minimise variability
in results caused by natural agsregzations of soil arthropod
populstions, and the large variability of the results from each site
largely reflects the wide range of efficiency of the methods and |
techhiques used, The results show thatfusing an unsuitable extraction
metiod, it is pos:zible to greatly underestimate the number of soil

arthropods present, particularly because the highest mean number of
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arthropods obtained at any one site by any extraction method may

still be a2 underestimate of the actual numbers present (Forsslund,
1949; Macfadyen, 1953), The relative efficiency of most methods

is different when used to extract fauna from the different habitats,
and it is possible for an extraction method which is particglarly
efficient for scme arthropods at one site, to be relatively inefficient
when extracting the same group of arthropods at a different site. |
Iasebikan (1970) showed that, even at the same site, thé relative -
efficiency of some dynamic methods may differ with the season. Obviously,
a complex interrelationship between the material to be extracted, '

its physical characteristics at the time of sampling and the conditions
~ to which the sample is suﬁsequently subjected, all affect the

ease with which arthropods can be separated from it. It is unfortunate
that the relafive efficiency §f the different ﬁethods is not the same
for all groups of arthropods. However, the relatively good
performance of the Macfadyen high-gradieﬁt apparatus makes it a clear
first choice for quantitative studies where z number of groups of

arthropods are to be studied.

V. A comparison of dynamic and mechanical methods for extracting

arthropods from different soil tyves

Introduction

In Section IV, eleven methods for extracting arthropods from a
single tyvme of soil were comfared in three different habitats. The
relative efficiency of extraction varied not only with the extraction
method but a2lso with the habitat, and a major factor thouzht to be

affecting the efficiency was the differinz amounts of undecomposed
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“organic matter in the soil at the different.sites. However, it was also
possible that other factors.such as partiéle size and water holding
capacity were also influencing efficiency. Ideally, it would be
desirable to compare all the methods on a range'of soil types,.but
because this was logistically impossible, two greatly différing methods
were compared op“several soils. These were the Rothamsted funnel method
and the S5alt and Hollick flotation method. The relative efficiency of
these two methodé was then determined, by extracting soil samples by qgch
method, from woodland, grassland and fallow arable habitats on four
different soil types. These soil types were peat soil from the
Voodwalton Fen area in Funtingdonshire, a clay loam soil and a sili-clay-
loam soil, both of the Batcombe series from Rothamsted, and a sandy-loam
.soil from Woburn Experimental Farm. Unfortunateiy the samples from the -
woodland habitat.on»the clay-loam éoil at Rothamsted proved to be
unsuitable due to the presence of small particles of tar in the soil. The
tar, presumably from a roéd-surfacing operafion, interfered with ﬁhe
oil~water separation stage of the Salt and Hollick flotation method, These
particular woodland samples were therefore dizcarded and replaced by
‘samples from a heavy clay soil at ieathop. Wood, the I.B.P. research site
in Lancashire, No fallow arable site was available at Woodwalton Fen,
so samples were taken from the bzre soil between the ridzes of a potato crop
as representing "fallow" soil. It was thought that using such contrasting
soil types with differing amounts of undecomposed organic matter, would
Indicate both the range of soil types and habitats on which these methods
could be usefully employed‘and also identify the more important
characteristics of the soils that were directly affecting the

efficiency of the extraction methods,
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The woodland, grassland and fallow arable sampling sites on.a single
501l type were chosen to be as close to each other as possible %o
minimize localized variations in soil type. It was assumed that the
‘arthropod pbpulatiéns in the different habitats would not be directly
compérable. Sixteen pairs of soil cores, each pair adjacent to each othér,
were taken at random from apparently uniform areas of ground in each
habitat., With the exception of the Meathop. Wood samples, the three _

. habitats on each soil type were sampled on the same day., One soil
core from each pair was extracted by the Rothamsted Tullgren funnel method,
the other by the Salt and Hollick flotation method.

The size of the soil cores used in this comparison were either 10 cm
diameter and 5 cm deep cores, used on the peat, silt-clay-loam and sandy-
loam soils, or 5 cm diametei and 15 cm deep cores, used on the heavy clay
soil of IMeathop Wood and the clay-loam soil at Rothamsted.

The 10 cm diameter 5 cm deep cores were.taken with the sampling
tool described in Section IV (Fig. 15a). The 5 cm diameter 15 cm deep. cores
were taken with o similar, but smaller sampling tool (Fig. 15b)
comprising a steel cylinder 15 cms long with an internal diameter of 5 cm
at the cutting edge of the cylinder, widening to 6 cm internal diameter.
?his allowed soil cores 1o be removed easily from the open end of the
cylinder opposite the cuttiﬁg edge. At this open end was welded a steel shaft
74 cm long, to which a handle (0 cn wide) and a foot press (23 cm wide)
were attached at right angles. | |

The samﬁles were placed into ﬁolythene bags and transported to the
' iaboratory; those samples which were extracted by the Salt and Hollick
method were soaked in tap water and stored at -10°C until required;

those samples which were extracted by the Rothamsted Tullzren funnels were
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\ placed. on the apparatus immediately upon returning to the iaboratory.
The 10 cmAdiamefer bj 5 cm deep soil cores were placed undisturbed,
intact and inverted onto the sieves of.the sample containers. The 5 cm
digmeter 15 cm deep soil cores were broken into small pieces and
scattered onto the sieves of the sanple containers. Arthropods were
collected into alcohol and glycerol (in the ratio 20 : 1). Both

methods were used as described in Section III.

Results

. Data from these compérisons are summarised in Figs. 29 - 38,
Signifiéanf differencegoat the 5% and 1% levels of probability, are

,

summariéed in Table %ik Most of the significant differences obtained
were in agreement with the conclusions xreached in Section IV, when eleven
methods were compared on a single soil type. (Summarised in Tables 7 - 18).

The total nﬁmbers of arthropods extracted from samples from any
habitat or soil type were usually greater when extracted by the
Rothamsted Tullgren funnel method; but the relative efficiency of the
funnel and flotation methods varied for each taxonomic group of
arthropods as well as with habitat and soil type. For example; although
significantly more Collembola were rscovered from samples from the |
woodland site on peat soil by the Rothamsted Tullgren funnel mathod than
by flotation, signifiéantly " more. onychurid and podurid Collembola were
recovered by the Salt anq Hollick flotation method than by the funnels on
this site (Table T 320€En general, mofe micro—aﬁd'mesoarthropods
(especially Acarina and Collembola) were extracted by the funnel method
than by the flotation methed from most of the soils and habitats sampled.
ﬁowever, more Acarina and Collembola were extracted by the flotation
-method than by the funnel méthod from samples taken from fallow sites
on clay soils,

Prostigmatid mites were almost always extracted in significantly

greater numbers by the funnel method than by flotation, the cores from Qbf“*)
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FIG. 29,

A COMPARISON OF METHODS ON DIFFERENT SOIL . TYPES

SOIL TYPE
HABITAT
SIGNIFICANCE

. Rothamsted

Tullgren Funnel

[q]

ACARINA - PROSTIGMATA

S3TdNVS 9! ¥3d SON Nv3

PEAT Cotl |CLAY LOAM|SILT-CLAY-LOAM| SANDY LOAM
IWOOD | PAST | FALL [WOOD | PAST | FALL |WOOD | PAST | FALL FALL
* % XX | XX | XX | X% * % | ek - k%
%
1 toox
- 50
- 80
- 70
- 60
L 50
- 40
30

Solt & Hollick %% Significant difference between means at % level.
9
Flotation o . o
* Significant difference between means at Sk level.
— No significant difference between means.

wooD: Mixed deciduous woodland PAsST: Pasture FALL: Fallow
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FIG, 30,

A COMPARISON OF METHODS ON DIFFERENT SOIL TYPES

ACARINA—MESOSTIGMATA

SOIL TYPE PEAT CLAY 101 AY LOAMISILT CLAY LOAM| SANDY LOAM
HABITAT WOOD | PAST | FALL | WOOD | PAST | FALL {WOOD | PAST | FALL | WOOD| PAST | FALL
SIGNIFICANCE [ %% — | = [ = [#** | — | — | = | %% | *x

GAMASINA

SIGNIFICANCE

(LESS)
RHODACARIDAE

SIGNIFICANCE

UROPODINA

24 Rothamsted
Tullgren Funnel

o: Not known

Y3d SON NVIN

S31dNVS Ol

/] salt & Hollick #%Significant difference between means at % level. -

Flotation L . °
+ Significant difference between means at 5% level.

— No significant difference between means.

wooD : Mixed deciduous woodland PAST: Pasture FALL: Fallow



FIG. 3|

A COMPARISON OF METHODS ON DIFFERENT SOIL TYPES
ACARINA — ASTIGMATA

SOIL TYPE PEAT ey |CLAY-LOAM(SILT-CLAY~LOAM [SANDY LOAM
HABITAT WOOD [PAST |FALL |WOOD|PAST | FALL |WOOD|PAST |FALL |WOOD [PAST | FALL
SIGNIFICANCE [% | % [ %% | — | 0 [%* | — | — [ = | — | %% | *%

155
(2

SINJIWVS SI H3d 'SON NVIW

(N

Rothamsted Solt & Hollick % %*Significant difference between means at 1% level.
Tullgren Funnel Flotation o . °
# Significant difference between means at 54 level.
— No significant difference between means.

o: Not known wooD: Mixed deciduous woodland PAST: Pasture FALL: Fallow
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FIG., 32.

A COMPARISON OF METHODS ON DIFFERENT SOIL TYPES
ACARINA — CRYP TOSTIGMATA

SOIL TYPE
HABITAT
SIGNIFICANCE

Rothamsted

L

Tullgren Funnel

o: Not known

Flotation

P

PEAT CEAY oL ay LoaM|SILT- cLAY-LOAM| SANDY  LOAM
WOOD |PAST | FALL |wOOD |PAST | FALL |[WOOD | PAST | FALL [WOOD |PAST | FALL
* | - (%% [ = | = | % [%%| — |*%| * | * | -
30
7

0

SIIINVYS 91 H3d 'SON NV3IW.

Solt 8 Hollick % %Significant ditference between means at 1% level.

* Significant difference between means at 5% level.

— No significant - difference between means.

wooD: Mixed deciduous woodland PAST. Pasture

FALL: Fallow
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FIG. 33,

A COMPARISON OF METHODS ON DIFFERENT SOIL TYPES

COLLEMBOLA
SOIL-TYPE PEAT WOLL [CLAY LOAM[SILT-CLAY-LOAM| SANDY LOAM
HABITAT WOOD | PAST | FALL {WOOD| PAST | FALL |WOOD| PAST | FALL | WOOD| PAST | FALL
SIGNIFICANCE [ %% | - |*% | = | **®|**]| - | - [ - | - | = |*%
60
LSO Z
g
ONYCHURIDAE L40Z
3o§
/ B
/ o>
— 2 1 %‘ ﬁ’ L o o
SIGNIFICANCE [ %% [ %% T =1-= ‘é
[9
.30m
PODURIDAE >0
% ‘ . m O

Rothamsted Solt& Hollick %% Significant difference between means at 1% level.

Tullgren Funnel Flotation . ‘ °
* Significant difference between means at 55k level.
— No significant ditference between means.

o: Not known wo0D: Mixed deciduous woodland PAST: Pasture FALL: Fallow
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FIG. 3.

A COMPARISON OF METHODS ON DIFEERENT SOIL TYPES

COLLEMBOLA
SOIL=TYPE PEAT CHAY |CLAY LOAM|SILT-CLAY-LOAM| SANDY ~ LOAM
HABITAT wooD| PAST | FALL | wooD{ PAST | FALL | WOOD| PAST | FALL | WOOD| PAST | FALL
SIGNIFICANCE] %% | kk | *% — — — |k | k] - — | ek | kok

ISOTOMIDAE

SINdNVYS 91 Had SON NVIW

Ll 7

Rothamsted £/ Salt & Hollick *%Significant difference between means at 1% level.
Tullgren Funnel Flotation

# Significant difference between means at 5% level.

— No significant difference between means.

R wooD: Mixed deciduous woodland PAST: Pasture FALL: Fallow
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FIG, 35.

A COMPARISON OF METHODS ON DIFFERENT SOIL TYPES

COLLEMBOLA
SOIL TYPE PEAT CCAYTCUAY LOAMISILT- CLAY—LOAM]| SANDY LOAM
HABITAT wOOD | PAST | FALL | WOOD|{ PAST | FALL |WOQD | PAST | FALL | WOOD| PAST | FALL
SIGNIFICANCE * - [e) - % - - [e) [3) - * [¢)
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i Rothamsted Solt & Hollick % *Significant difference between means at % level.
Tullgren Funnel Flotation . °
* Significant difference between means at 5h level.
— No significant difference between means.

o: Not known wooD: Mixed deciduous woodland PAsT: Pasture FALL: Fallow
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FIG, 36.

A COMPARISON OF METHODS ON DIFFERENT SOIL TYPES

MYRIAPODA
solL TYPE PEAT Ly [CLAY LOAMISILT- CLAY-LOAM| SANDY LOAM
HABITAT WOOD [PAST | FALL [WOOD | PAST | FALL | WOOD| PAST | FALL | WOOD | PAST | FALL
SIGNIFICANCE o [e) [3) - — = [+) [2) [?) ) o [e)
20
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g 2
SIGNIFICANCE [+ [<) [*) — — [+ 2 <) — 2 z
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>
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m
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Rothamsted

Tullgren Funnel

o: Not known

V7 sait & Hotlick % %Significant difference between means ot 1% level.
Flotation

* Significant difference between means at 5% level.

— No significant difference between means.

wooD: Mixed deciduous woodiand

PAST: Pasture

FaLL: Fallow
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FIG. 37

e
A COMPARISON OF METHODS ON DIFFERENT SOIL TYPES

OTHER INSECTS

SOIL TYPE PEAT Coa¥ lcLay LoAMSILT-CLAY-LOAM| SANDY LOAM
HABITAT WwOOD | PAST |FALL |WOOD | PAST | FALL |WOOD | PAST FALL wooD |PAST | FALL
SIGNIFICANCE [ %% [ — | — [ %% | — | — [ — [ %% | — [%%[ * | -
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DIPTERA 10
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20
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Lol

Rothamsted Salt & Hollick % *Significant difference between means at 1% level.
Tuligren Funnel Flotation ! o
* Significant difference between means at Sk level

— No significant difference between means.

o: Not known wooD: Mixed deciduous woodland PAST: Pasture FALL : Fallow
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FIG, 38.

A COMPARISON OF METHODS ON DIFFERENT SOIL TYPES
OTHER INSECTS
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SIGNIFICANCE - — | %% | % [ **x | o ¢ o 0 — | — | o
L 40
1 &
30 >
HEMIPTERA z
5
20 O
m
0
N o
oAl TN
SIGNIFICANCE — [ %% | - [**x[ = [ - To [ oT]- * L
<
2
20
THYSANOPTERA »
HO
Pl el A =n Al E |

Rothamsted Sqlt. & Hollick % *Significant difference between means at % level.
Tuligren Funnel Flotation L .
* Significant difference between means at 5% level.

— No significant difference between means.

o: Not known wooD: Mixed deciduous woodland PAST: Pasture FALL: Fallow



Table 6, SUMMARY OF COMPARISON OF TWO EXTRACTION METHODS ON DIFFERENT SOIL TYPES

SOIL TYPE PEAT HEAVY  CLAY SILT-CLAY LOAM SANDY LOAM -
) _ CLAY LOAM
HABITAT :
28 g |38 3|38 3|58 8 3
: I 1 |8 11§ & 4
s & 2 |¢ & 2 |8 2 218 2 &
ANIMAL GROUP
ARACHNIDA
ARANEAE - - - 0 o o - o - - - 0
ACARI
: PROSTIGMATA & .D » .D [ ] .D * OD L ] .D .H [ ] .D * UD - L] UD . tD L] QD
MESOSTIGMATA
GAMASINA .8l sep - - - - *s] - - - (1))} [ 44))
(1ess)RHODACARIDAE sy 0 0 - - - - - 0 - - N
UROPODINA s o o - o - - - 0 - - 0
ASTIGMATA sy *D *%D - 0 **M - - - -~ %D esp
CRYPTOSTIGMATA M - 149)) - - M s o o5y ‘D D -
INSECTA .
COLLE{BOLA .
ONYCHIURIDAE oy - sy - ey ey - - - - - *sp
PODURIDAE *M M O D M . - - - sp . wsp
ISOTOMIDAE *s) sep evp - - - L1 T L) T « StD %D
ENTOHOBRYIDAE D o - T G 0 o o - D 0
SMINTHURIDAE 0 **D °*% - L0 ) S ssp *sD  *p O *D *
DIPTERA. p - - M - - M . ey oy .
 COLEOPTERA . - ¢sp  ssp - sey ey - - - M - -
THYSANOPTERA - “p . L TR - o 0 - s *sp %D
HEMIPTERA - - sy M M 0 o 0 o - - 0
HYMENOPTERA P - o - o o 0 o o - - 0
PROTURA o 0 o - o - 0 o 0 - o 0
DIPLURA o 0 o o o 0 0 o o - o 0
PSOCOPTERA o 0 o o 0 0 0 o - o 0 0
MYRTAPODA -
CHILOPODA sy 0 - - - - - o o - 0 0
DIPLOPODA o 0 0 - - - - o o 0 o 0
SYMPHYLA - o o o - - - 0 o o 0 o 0
PAUROPODA o} o} o} - - - - 0 0 0 - 0
CRUSTACEA A
ISOPODA o o 0 - 0 o - 0 0 0 o 0

LEGEND:=

= t No significant difference between means
at 5% and 1% levels.

* : Significant difference between means at
5% level. )

** : Significant difference between means at
1% level.

D : Berlese-Tullgren funnel method more efficlent,

M : Salt and Hollick wet sieving and flotation
method more efficient,

0 : Not known - animals not present in samples,

10T
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COMPARISON OF METHODS

TREATMENTS ~ BERLESE~-TULLGREN FUNNEL v SALT AND HOLLICK FLOTATION
SOIL TYFE -~ FEN PEAT |
SITE - MIXED DECIDUCUS WOODLAND - WOODHAETON FEN - CAMBRIDGESHIRE
SAMPIES - 10 cm diameter x 5 cm deep
¥* = significent difference between means at the 1% level
* - significant difference between means at the 5% level
~ ~ mgans nov significantly different
F - funnel 2L -~ flotation
ARITHMETIC MEANS TRANSFORMED
MORE 1EVEL
OF 16 SOIL CORES MEANS - 106 (n + 1) |per. | oF
ANTHAL CIERT | SIGNI®
i =
GROUP FUNNEL { FIOTATION || FUNNEL | FIOTATION | S.E. HETEOD | ~-LCANCE
Arachnida
Pseudoscorpiones i
Araneae 0.2 0.3 0.056 0.094 0.0333 - -~
Acaxi .
Prostigmata 75.2 7.9 1.827 0.815 0.0744 F *¥
Mesostigmata '
Gamasina 24,9 40,3 1.214 1.568 [0.0756 FLL **
(LeSS)" 102 302 00119 0.536 0-0774 FL *%
Rhodacaridae
Uropodina 7.8 16.2 0.721 1.170 -10.0884 FL *%
Astigmata 3.6 11.2 0.483 0.975 0.0911 FL **;,
Cryptostigmata [240.1 331.6 2.293 2,490 10.0589 FL *
Insecta '
Collembola ) _ :
Onychiuridae 0.4 1.7 0.0%94 0.373 0.0538 FL *%
Poduridae 2.5 5.5 10.431 | 0.696 [0.0832 | FL *
Isotomidae 92.9 22,5 1.834 1.201 0.1063 F *%
Sminthuridas
Diptera 5.4 2.1 10.769 0.405 0.0611 F *%
Coleoptera 2.8 3.0 .499 0.545 10.0649 - -
Thysanoptera 0.4 1.5 0.124 0.3483 10,0492 - -
Hemiptera 0.3 0.3 0.086 0.078 .0415 - -
Hymenoptera 0.9 0.2 0.235 0.067 D.0463 F *
Psocoptera
| Protura
| Diplura
Miyriapoda
Chilopoda 0.6 3.6 0.135 0.544 D.0722 FL *%*
Diplopoda d :
Sympnyla
Pauropoda
Crustacea .
Isopoda




Table 8 | o 103

COMPARISON OF METHODS

TREATMENTS - BERLESE~TULLGREN FUNMEL v SALT AND HOLLICK FLOTATION
SOIL TYPE -~ FEN PEAT
SITE _ GRASSLAND ~ WOODWALTON .FEN — CAMBRIDGESHIRE

SAMPLES - 10 cm diameter x 5 cm deep

significant difference between means at the 1% level
significant difference between means at the 5% level
means not significantly different

funnel FL -~ flotation

1ok ¥
1111

{ARITHMETIC MEANS TRANSFORMED

OF 16 SOIL CORES MEANS - 106 (n + 1) g‘?‘i R IEOFEEL

CIENT | SIGNI®

Mg%% FUNNEL | FLOTATION || FUNNEL | FLomaTTon| S.E, |TC-noD |-ICANCE
Arachnida
Pseudoscorpiones o
Araneae 1.0 1.1 0.210{ 0.270 0.0608 - -
Acari . :
- Prostigmata 20.9 1.4 1.197 | 0.281 0.0862 F *%
Mesostigmata
Gamasiiza 51.9 ° 19.7 1.639 1.258 0.0662 F **
(Less)- '
Rhodacaridae
,Uropodina 6.7 8.8 0.743 0.899 0.0839 - -
Astigmata 8.8 2.6 0.810 0.484 0.0907 F *
Cryptostigmata [159.5 135.9 2.162 2.097 0.0486 - -~
Insecta
Collembola
Onychiuridae 0.2 0.2 0.049 | 0.075 0.0339 - -
Poduridae 6.3 11.5 0.769 1.018 0.0717 FL *
Isotomidae P09.5 45.6 2.268 1.621 0.0581 F **
Entomobryidae 1.6 0.5 0.291 0.143 0.0647 - -
Sminthuridze 40.5 0.9 1.456 | 0.227 0.0975 F. **
Diptera 4.3 4,7 0.646 | 0.614 0.0789 - -
Coleoptera 11.8 3.9 1.092| 0.602 0.0549 F **
Thysanoptera 8.6 2.6 0.830 | 0.467 0.0752 F **
Hemiptera 5.3 4,8 0.632 | 0.669 0.0904 - -
Hymenoptera 0.6 0.6 0.146 | 0.154 0.0526 - -
Psocoptera
Protura
Diplura
Myriapoda
Chilopoda
Diplopoda
Symphyla
Pauropoda
Crustacea

Isopoda




TABLE 9
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COMPARISON OF METHODS
TREATMENTS - BERLESE-TULLGREN FUNNEL v SALT AND HOLLICX FILOTATION
SOIL TYFE - FEN PEAT '
S1ITl - FALIOW ARABIE, WOODWALTON FEN, CAMBRIDGESHIRE
SAMPLES = 10 cm diameter x 5 cm deep
** = significant difference between means at the 1% level
* - gignificant difference between means at the 5% level
~ - @means nov significandly different
F - funnel FL ~ flotation
METHOD ARITHMETIC MEANS TRANSFORMED MORE 1EVEL
OF 16 SOIL CORES MEANS - 106 (n + 1) |mer.-1 oF
CIENT | SIGNIF
ANML 0 - b
GROUD FUNNEL | FLOTATION || FUNNEL | FIOTATION| S.E, | oo |-ICANCE
Arachnida
Pseudoscorpiones
}Araneae ‘p 0.8 0.1 0,105 0,038 0.0526 - -
Acaxi '
Prostigmata, 354 0.1 1.446 0,257 | 0.0726| F *%
Mesostigmata
Comacion 45 | 2.0 | o.592| o0.415 | o.0889| - -
(Less)~
Rhodacaridae
Uropodina , '
Asti?;:ata 18.9 1.7 1,006 0.329 0.1086 F *¥
Cryptostigmata | 2l.4 5.0 1,111 0.713 | 0,1000{ F *x
Insecta
ngigﬁijm 0.4 2.9 0.116| 0.482 | 0,066l FL *x
P i . .
Toduridae 6.9 1.4 0.786| o0.302 | o.omyl F | *
Entomobryi :
goomiydae | 16 | o8 | 09| o0.202 | 0,063 B | ax
Diptera 0.7 1.4 0.184| 0,315 | 0,0580 = -
Coleoptera 3.4 1.1 0.544 0.254 | 0.0744 F **
Thysanoptera 0.7 0,2 0,103 0,056 | 0.0524 = -
Hemiptera 0.2 1.2 0.049 0.284 0.,0474 FL **
Hymenoptera
Psocoptera
Protura
Diplura
Myriapoda
Chilopoda 0,2 0,2 0.075 0.056 0.032Q - -
Diplopoda
Syamphyla
Pauropoda
Crustacea
Isopoda
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COMPARISON OF METHODS

TABLE 10

TREATMENTS - BERLESE-TULLGREN FUNMEL v SALT AND HOLLICK FLOTATION
SOIL TYPE - HEAVY CLAY OVER LIMESTONE

SITRE - MIXED DECIDUOUS WOODLAND, MEATHOPS WOOD, LANCASHIRE.
SAMPIES -~ 5 cm diameter x 15 -cm deep
*¥ - s1gn1f:.cah'h difference between means at the 1% level
* - signif :Lcant difference between means at the 5% level
~ = means not significantly differsnt
¥ - fuonel _ FL - flotation
METHOp  |ARITHMETIC MEANS TRANSFORMED .
OF 16 SOIL CORES | - MEANS - 10G (n + 1) ggg?__‘ ngEL
ANTMAL CIENT | SIGNT®
T -
GROUP FUNNEL | FLOTATION || FUNNEL | FIOTATION| S.E. MIETHOD | -[CANCE
Arachnida
Pseudoscorpiones
Araneae
Acari
Prostigmata 19.1 2.8 1.190 0.470 0.0771 F *%
Mesostigmata
Camasina 15.0 12.4 1.152 1.070 0.0591 - -
(Less)- '
Rhodacaridae 302 101 00459 O. 230 0.0805 - -
Astigmata 4.9 4.6 0,518 0,512 | 0,0903| - -
Cryptostigmata 7100 60.0 1.757 1.606 000966 - s
Insecta
Collembola
Isotomidae 28,1 18.7 1.354 1.160 0.0884 - -
Entomobryidae 1.2 2.1 0,240 0.363 0.0941 - -
Sminthuridae | 0.7 1.6 0.175 0.280 | 0,0712 -
Diptera 2.8 16.5 0.492 0,985 0,0920| FL **
Coleoptera 1.3 3.8 0.307 0,320 | 0,0740] = -
Thysanoptera - 2.1 - 0.291 0.0590| FL *
Hemiptera 0.1 1.1 0.019 0.240 | 0,0490( FL *
Hymenoptera 0.1 0.2 0.030 0,075 0.0313 - -
Psocoptera
Diplura
Myriapoda
Chilopoda 0.5 0.7 0.119 0.168 | 0.0452| - -
Diplopoda 0.1 0.4 0.019 0,097 0.0312|( - -
Symphyla 0.1 0.5 |} 0,038 0.124 | 0,0366 - -
Pauropoda 0.8 0.5 0.184 0.119 0.0566 - -
Crustacea
Isopoda 0.6 0.6 0.154 0.143 | 0,0459] - -




TABLE 11 106
COMPARISON OF METEODS
TREATMENTS «~ BERLESE-TULLGREN FUNNEL v SALT AND HOLLICK FLOTATION
SOIL TYPE - BATCOMBE SERIES CLAY-LOAM
S1Tw - GRASSLAND, HIGHFIELD, ROTHAMSTED.
SAMPIES - 5 cm diameter x 15 .cm deep
** ~ gignificant difference between means at the 1% level
* - significant difference between means at the 5% level
- = means not significantly different
& = funnel FL - flotation
METHOD ARITHMETIC MEANS TRANSFORMED wre | 1EVEL
OF 16 SOIL CORES MEANS - I0G (n + 1) EFFI- .| oF
ANTHAL CIENT | SIGNIF
GROUP FUNNEL | FLOTATION || FUNNEL | FLOTATION| S.E. METHOD | -ICANCE
Arachnida
Pseudoscorpiones
Araneae
Acari
Prostigmata 69.6 12,7 1.656 1,072 0.0860 F. ¥k
Mesostigmata .
Gamasina 12,1 15.8 1,061 1.132 0,0681 -
(Less)-
Rhodacaridae 14.7 15.7 1.111 1,161 0.0679. -
Uropodina '
Astigmata
Cryptostigmata 3.1 3.7 0.473 0.542 0,0872 -
Insecta
Collembola .
Onychiuridae 26,9 573 1.398 1,669 0.,0667| FL **
Poduridae 0.4 1.9 0,097 0.337 0.,0642| FL *
Entomobryidae 5.9 11.2 0,717 | _0.993 0.0852( FL *
Sminthuridae 13.4 1.3 1.071 0.306 0.0675 P **
Diptera 4.2 5.9 0.628 0.564 0.0947 =
| Coleoptera 0.4 1.5 0,086 | 0.316 0.0572| FL **
Thysanoptera 1.1 2.1 0.200 | 0.399 0,0730 -
Hemiptera 0.7 18.2 0.142 | 0.845 0,0948| FL **
Hymenoptera
Psocoptera
Protura
Diplura
Myriapoda
Chilopoda 0.9 0.4 0.135 | 0.105 0.0443 -
Diplopoda 0.9 1.1 0.196 0.236 0.0647 |. -
Symphyla 0.7 1.2 0.199 0.284 0.0536 -
Pauropoda 1.6 1.2 0.337 | 0.259 0.0677 -
Crustacea
Isopoda




TABLE 12
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COMPARISON OF METEODS

TREATMENTS - BERLESE-TULLGREN FUNNEL v SALT AND HOLLICK FLOTATION

SOIL TYFE
SITE
SAMPIES -

*¥*
*

Rj )

— BATCOMBE SERIES CIAY-LOAM
- FALIOW ARABLE, HIGHFIELD, ROTHAMSTED

5 cm diameter x 15 cm deep

L
r2n'

FiL - fiotation

significant difference between means at the 1% level
significant difference between means at the 5% level
means not significantly diffe
~ funnel

ARTITHMETIC MEANS TRANSFORMED
MORE LEVEL
OF 16 SOIL CORES MEANS - I0G (n + 1) |pzer -1 oF
ANDIAL CIENT | SIGNIF
CROUD FONNEL | FLOTATTON | FUNNEL | FIOTATION| S.E, | -rooD |~ICANCE
[Arachnida
Pseudoscorpiones
Araneae
Acari
Prostigmata 0.1 10.6 0,038 0.165 0.0400 FL *
Mesostigmata
Gamasina 11.8 12,1 1,051 1,010 0.0691 -
(Less)~
Rhodacaridae 20.1 14.7 1.203 1,048 0.0944 -
Uropodina 0.9 0.8 0.133 0.173 0,0678 -
Astigmata 0.4 4.6 0,105 0,604 0.0757 FL **
Cryptostigmata | 56,1 116.0 1.579 1,926 0,0984 FL *
Insecta
Collembola
Onychiuridae 9.5 23,2 0.964 1.304 0,0690 FL **
Poduridae 1.1 1.5 0.257 0.285 0.0692 -
Isotomidae 17.6 9.7 1.098 0.895 0.0955 -
Entomobryidae 0.7 1.4 0.180 0.287 0,0618 -
Sminthuridae 2.6 1.6 0.489 0.309 0.0707 -
Diptera 1.4 1.7 0,262 0.331 0.0773 -
Coleoptera 0.8 2.5 0.210 0.442 0,0676 FL *
Thysanoptera 0.1 0.3 0.038 0,086 0.0335 -
Hemiptera
Hymenoptera
Psocoptera
Protura 1.0 12.1 0.232| - 0,524 0.1228 -
Diplura
Myriapoda
Symphy’la 0.8 007 00146 0.199 0.0555 -
Pauropoda 0.7 0.4 0,180 0.094 0.0518 -
ICrustacea
Isopoda
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COMPARISON OF METEODS

TREATMENTS - BERLESE-TULLGREN FUNNEL v SALT AND HOLLICK FLOTATION
SOIL TYPE - BATCOMBE SERIES SILT-CLAY LOAM .

SIT® - MIXED DECIDUQUS WOODLAND - MANOR WOOD - ROTHAMSTED
SAMPLES - 10 cm diameter x 5 cm deep '
¥* ~ significant difference between means at the 1% level
#* - significant difference between means at the 5% level
- « means not significantly different ’
¥ - funnel _ PL -~ flotation
ARTITHMETIC MEANS TRANSFORMED ‘ 1EVEL
OF 16 SOIL CORES MEANS - I0G (n + 1) gﬁ__ 1 oF

CIENT | SIGNI®

ANTMAL METHOD |~ICANCE

GROUP FONNEL | FLOTATION || FUNNEL | FLOTATION| S.E.

iArachnida
Pseudoscorpiones - . )
Araneae 0.6 0.7 0.2441 0.180 0.0630 - | -
Acari
Prostigmata 34.6 3.1 1.681 | 0.466 0.0862 F *%
Mesostigmata

Gamasina 13.5 7.0 1.338 | 0.903 0.0760 F *%

(Less)~- 1.3 1.8 0.570| 0.327 0.0821 - -

Rhodacaridae ’

Uropodinz 18.0 14.0 1.4331 1.126 0.0764 - -
Astigmata 2.9 1.1 0.554 1 0.252 0.0820 - -
Cryptostigmata | 65.4 50.7 1.980 1} 1.672 0.0528 F x%

Insecta

Collembola :
Onychiuridae 16.3 29.0 1.322| 1.283 0.1017} - -
Poduridae 1.2 0.8 0.218 | 0.199 0.0654 - -

Isotomidae 65.8 6.8 2.017 | 0.665 0.0739| F *¥

Sminthuridae 17.4 1.8 1.551 } 0.370 0.0842 F *%
Diptera 3.6 20.6 0.647 | 0.945 0.1051 - -
Coleoptera 1.7 2.7 0.457 | 0.476 0.0818 - -
Thysano ptera
Hemiptera
Hymenoptera
Psocoptera
Protura
Diplura

Myzriapoda
Chilopoda 2.2 2.0 0.517 | 0.372 0.0795 - -
Diplopoda 2.2 0.8 0.234 {0,184 - | 0.0620 - -
Symphyla :
Pauropoda 0{2 0.1 0.191 } 0.030 0.0492 - -
Crustacea

Isopoda 6.4 2.5 0.756 | 0.416 0:0985 - -




TABLE 14
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COMPARISON OF METHDDS

TREATMENTS -~ BERLESE-TULLGREN FUNNEL v SALT AND HOLLICK FLOTATION
SOIL TYPE - BATCOMBE SERIES SILT-CLAY LOAM

SITE -~ PASTURE, 'BONES CLOSE', ROTHAMSTED
SAMPIES - - 10 cm diameter x 5 cm deep
¥% . gignificant difference between means at the 1% level
* - significant difference between means at the 5% level
- - means not siznificantly different
F - funnel " FL - flotation
|ARITHMETIC MEANS TRANSFORMED
METEOD OF 16 SOIL CORES MEANS - 10G (n + 1) i,?gi ng.m
- : CIENT | SIGNIF
AgRo%g FUNNEL { FLOTATION (| FUNNEL | FLOTATION | S.E. METHOD | ~ICANCE
[Arachnida
Pseudoscorpiones
Araneae
Acari ,
Mesostigmata
Gamasina 10.1 8.4 1.045] 0.973 0.1033 -
(Less)- 5.2 2.9 0.792] 0,589 0.0862 -~
Rhodacaridae
Uropodina 0.4 1.0 0.135| 0.307 0.0756 -
Astigmata 6.5 2.8 0.8751 0.579 0.0933 -
. Cryptostigmata 2.3 0.9 0.520| 0.285 0.0842 -
Insecta
Collembola
Onychiuridae 2.1 4.0 0.486| 0.700 0.0960 -
Poduridae 19.6 16.1 1.313| 1.234 0.0881 -
Isotomidae 49,0 12.9 1.6991 1.144 0.0955! F *
Entomobryidae
Sminthuridae 30.4 1.0 1.497 ] 0.296 0.0650| F **
Diptera 3.2 11.3 0.6221 1,090 0.0836| FL **
Coleoptera 1.3 0.6 0.359 | 0.197 0.0642 -
Thysanoptera '
Hemiptera
Hymenoptera
Psocoptera
Protura
Diplura
Myriapoda
Chilopoda
Diplopoda
Symphyla
Pauropoda
Crustacea
Isopoda




TABLE 15 - o o 110

COMPARISON OF METEODS

TREATMENTS ~ BERLESE-TULLGREN FUNMEL v SALT AND HOLLICK FLOTATION
SOIL TYFE - BATCOMBE SERIES - SILT-CLAY LOAM '

SITE - FALLOW ARABLE ~ 'PASTURES® ROTHAMSTED
SAMPLES - 10 cm diameter x 5 cm deep
** = gignificant difference between means at the 1% level
* - significant difference between means at the 5% level
- - means not significantly different
F - furnel ' PL - flotation
ARITHMETIC MEANS TRANSTORMED
METHOD Y0F 16 SOIL CORES MEAMS - 106 (n + 1) |joms | LETEL
‘ CIENT | SIGNIF
Ag%%% FONNEL { FLOTATION || FUNNEL | FIOTATION| S.E. METHOD | “[CANCE
Arachnida
Pseudoscorpiones| .
Araneae 0.1 0.6 0.038} 0.169 }0.0380 -
Acari . '
Prostigmata 0.1 1.1 0.038| 0.225 [0.0540 -
Mesostigmata
Gamasina 0.9 2.7 0.206] 0.498 [0.0714 -
(Less)-
Rhodacaridae
Uropodina :
- Astigmata 0.1 0.6 0.019{ 0.124 jo0.0417 | -
Cryptostigmata 0.1 2.5 0.019 0.460 |[0.0541 FL **
Insecta '
Collembola
Onychiuridae
Poduridae 0.1 0.4 0.030| 0.086 [0.0377 -
Isotomidae 6.3 10.4 0.787| 0.918 0.0894 -
Entomobryidae
Sminthuridae 15.8 5.8 1.1741 0,764 |0.0849 F *
Diptera | 1.2 0.5 0.274| 0.143 |0.0533 -
Coleoptera 0.2 0.6 0.075| 0.151 0.0427 -
Thysanoptera - 0.4 - 0.094 [0.0272 -
Hemiptera :
Hymenoptera
Psocoptera 0.1 0.4 0.019] 0.105 [0.0258 -
Protura '
Diplura
Myriapoda
Chilopoda
Diplopoda
Symphyla
Pauropoda
Crustacea
Isopoda
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COMPARISON OF METEODS

TREATMENTS -~ BERLESE-TULLGREN FUMMEL v SALT AND HOLLICK FLOTATION

SOIL TYFE
SITE
SAMPLES

hjl*i
LI A |

~ BROWN EARTH - SAND TO SANDY LOAM
- MIXED DECIDUOUS WOODLAND - WOBURN - BEDFORDSHIRE

- 10 cm diameter x 5 cm deep

significant difference between means at the 1% level
significant difference between means at the 5% level

means rot significantly 4if

Iunael

PARN KA

PL -~ flotation

ARITHMETIC MEANS TRANSFORMED
OF 16 SOIL CORES MEANS - I0G (n + 1) gﬁi 1 I‘g;EL
ANDAL CIENT | SIGNI®
GROUP FUNNEL | FLOTATION || FUNNEL | FLOTATION| S.E, | TrmoD |~ICANCE
Arachnida
] Pseudoscorpiones .
Araneae 0.4 0.9 0.105] 0.228 0.0433} - -
Acari ' ,
Prostigmata 104.5 10.6 1.930}. 0.810 0.0986) F *%
Mesostigmata

Gamasina 30.1 34.8 1.414} 1.477 | 0.0886] - -

(Less)~ 20.2 20,9 1.192| 1.183 0.1072] < -

Rhodacaridae '

Uropodina 9.6 8.9 0.810| 0.846 0.1278| -~ -
Astigmata 33.9 36.5 1.406( 1.449 0.0890f - -
Cryptostigmata [313.2 254 .4 2.,460] 2.274 0.0480| F *

Insecta
Collenbola
Onychiuridae 40.9 59.8 1.490| 1.626 0.0866] - -

Poduridae 24.7 5.5 1.275| 0.696 0.0923] F *%
Isotomidae 22.9 19.2 1.301 1.199 0.0797| - -
Entomobryidae 1.7 1.3 0.327| 0.262 0.0497| - -
Sminthuridae

Diptera 3.1 9.6 0.535| 0,963 0.0639] FL **
Coleoptera 0.9 2.1 0.205} 0.419 0.0705] FL *
Thysano ptera 1.3 4.3 0.318| 0.5838 0.0831| FL *
Hemiptera 0.1 0.2 0.019§ 0.056 0.0266| - -
Hymeno ptera 0.1 0.2 0.019| 0.056 0.0266] - -
Psocoptera

Protura 0.2 0.4 0.056| 0.105 0.0458{ - -
Diplura 1.6 3.7 0.257| 0.034 0.1157| = -
Myriapoda '

Chilopoda 1.6 2.6 0.321 0.409 0.0901 - -
Diplopoda

Symphyla

Pauropoda

Crustacea

Isopoda
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COMPARISON OF METHODS

TREATMENTS -~ BERILESE-TULLGREN FUNNBEL v SALT AND HOLLICK FLOTATION
SOIL TYFE - BROWN EARTH - SAND TO SANDY LOAM

SITE ~ GRASSLAND - WOBURN ~ BEDFORDSHIRE
SAMPIES -~ 10 cm Diometer x 5 cm deep cores
** = gignificant difference between means at the 1% level
* — gignificant difference between means at the 5% level
- -~ means not significantly different
F ~ Tunnel FL - flotation

. [ARITHMETIC MEANS TRANSFORMED .
OF 16 SOIL CORES MEANS - I0G (n + 1) gﬁ*; IE;EL
CIENT | SIGNIF
Aggg%; FUNNEL | FIOTATION || FUNNEL | FIOTATION| S.E, METHOD | <ICANCE
Arachnida
] Pseudoscorpiones )
Aranea_e 0.9 0.7 0.124 0.199 0.0570 - -
Acari
Prostigmata 282.0 14.6 2.434f 1.093 0.0548 F *¥
Mesostigmata _
Gamasina 81.0 32.1 1.862 1.456 0.0452 F *¥
(Less)~ 0.7 1.0 0.186| 0.224 |0.0559| - -
Rhodacaridae
Astigmata 155.0 84.0 2.104 1.856 0.0369 F **
Cryptostigmata | 6.1 4,5 0.770 | 0.589 0.0625 F %
Insecta
Collembola
Onychiuridae 2.7 2.6 0.497 | 0.357 0.0714 - -
Poduridae 1.2 1.2 0.270 | 0.194 0.0533 - -
Isotomidae 63.0 22.5 1.728 1.335 0.0641 F **
Entomobryidae 5.0 2.5 0.595 | 0.385 0.0712 F *
Sminthuridae 63.0 15.8 1.746 1.178 0.0505 F **
Diptera 4.3 12.0 0.673 | 0.936 0.0684 FL | *
Coleoptera 6.7 4,8 0.810 | 0.726 0.0628 -
Thysano ptera 15.0 6.9 1.115 | 0.857 0.0580 F **
Hemiptera 47.2 45.5 1.641 | 1.612 0.0550 - -
Hymenoptera 1.5 1.5 0.362 | 0.316 0.0670 - -
Psacoptera
Protura
Diplura
lMyriapoda
Chilopoda
Diplopoda
Symphyla :
Pauro poda 1.4 0.8 0.283 | 0.173 0.0532 - -
Crustacea
Isopoda
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COMPARISON OF METHODS

TREATMENTS ~ BERLESE-TULLCREN FUNNEL v SALT AND HOLLICK FIOTATION

SOIL TYPE - BROWN EARTH - SAND TO SANDY LOAM -
SITE - FALLOW ARABLE - OBURN ~ BEDFORDSHIRE
SAMPLES ~ 10 cm diameter x 5 cm deep
#* o significant difference between means at the 1% level
¥ - significant difference between means at the 5% level
~ ~ méans not significantly different
F « funnel - FL ~ flotation
METHOp  |ARITHMETIC MEANS TRANSFORMED weE | IEVEL
OF 16 SOIL com,s MEANS - I0G (n + 1) FFFL. | OF
ANTHAL CIENT "} SIGNIF
GROUD FUNNEL | FLOTATION | FUNNEL | FLOTATION| S.E, | - oooD |-ICANCE
Arachnida
Pseudoscorpiones
Araneaze
Acari . _ .
Prostigmata 196.5 0.9 2.284 1 0.196 0.0503| F **
Mesostigmata . :
(Less)- 0.1 0.7 0.019 | 0.173 0.0405| FL ¥
Rhodacaridae :
Uropodina
Astigmata 66.6 2.1 1.746 { 0.313 0.0838| F *¥
Cryptostigmata 1.4 0.9 0.348 | 0.216 0.0518| -~ | -
Insecta -
Collembola
Onychiuridae 59.3 5.7 1.609 | 0.629 0.1053} F *E
Poduridae 9.6 1.4 0.921 0.268 0.0810| F *
Isotomidae 8.8 0.7 0.884 | 0.191 0.0657} F *%
Entomobryidae 0.9 0.2 : : .
Sminthuridae 0.201 | 0.075 0.0480| = -
Diptera 0.2 0.5 0.075 | 0.135 0.0408| - -
Coleoptera 0.1 0.2 0.038 | 0.056 0.0231 - -
Thysanoptera 1.7 0.7 0.381 | 0.210 0.0506| F *
Hemiptera :
Hywmenoptera
Psocoptera
Protura
Diplura
Myriapoda
Chilopoda
Diplopoda
Symphyla,
Pauropoda
Crustacea
Isopoda
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" fallow sites on clay soils being the only.samples where the flotation
nethod recovered as many or more prostigmatid mités than the funnel method.
Most other mites were extracted gqually efficiently by both methods,

but most of the significant differences that were observed showed the
funnel method to be more efficient than the flotation method for
extracting these animals (except when extracting soil samples from
fallow sites on clay soils). Exceptionally, on the woodland site on
peat soil, all mites except the Prostigmata were recovered more
efficiently by the flotation method than by funnels. This result wasf
completely against the trend of results for other sites, where it was
difficult to extract arthropods by flotation from soils containing large
amounts of undecomposed organic matter.

One group of Collembola seemed to differ from others in relative
efficiency of extraction, in that Onychiuridae were extracted considerably
better by the flotation method than by the funnel method from all
but the woodland clay soil and the fallow sandy-loam soil, Podurid
Collembola also tended to be recovered in larger numbers by the
flotation method although significantly fewer podurids were recovered
by flotation from the woodland site on clay soil and the woodland and
fallow sites on sandy-loam soil. Other Collembola particularly
Sminthuridae were invariably extracted more efficiently by the funnel
method from all but clay-soil sites. Of the larger insects, Diptera
larvae, Coleoptera larvae and adults, Thysanoptera and Hemiptera were
more efficiently extracted by the flotation method than = by the funnel
method except from peat soil where significantly greater numbers of
Diptera lérvae, Thysanoptera and Hemiptera were obtained by the funnel

method.
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Few myriapods, isoﬁods and spiders were extracted from any of the
samples in this comparison; +the only significant difference obtained
was an increased number of centipedes extracted by the flotation method

from the woodland site on peat soil.

Discussion and Conclusions

The most important results of tﬁis part of the investigation are to
show that the funnel method of extracting érthr0p6d§ from soils éan _
recover greater numbers of most arthropod groups from different soil
types fhan the Salt and Hollick flotation method. However the flotation
method was more efficient than the funnel method for certain gioups of
arthropads or certain soil types or habitats. The variability in numbers
of animals extracted from comparable soil samples showed that it was
difficult to define precisely which method is most efficient in extracting
each of the different groups of animals from the different havitats but
some conclusions and inferences could be made,

Prostigmatid mites and sminthurid springtails, were extracted in
significantly larger numbers'by the funnel method. Conversely, dnycnurid
springtails and to a lesser extent, podurid springtails and the insect
groups Diptera, Coleoptera, Thysanoptera and Hemiptera tended to be
- extracted more efficiently by the flotation method. Other groups of
arthropods tended to be extracted egually efficiently by 5oth metheds
but the method which extracted the greatest number of animals was |
influenced considerably by the soil type and the amount of organic métter
it contaiﬁed.

Wnen comparing the relative efficiencies of two extraction methods
on different sites and soil types the observed chanszes in the relative
efficiency of the two methods may be due to either an increase in the

efficiency of one method or a decrease in the efficiency of the other
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method or both. TFor example, the numbers of mites and springtails
recovered by the two methods from the fallow sites on ¢lay solls show
that the efficiency of the funnel method was decreased in relation

to that of the flotation method. This could be due to an increase in
the efficiency of the flotation method because the soil contzined less
undecomposed organic matter, (the organic matter floats on the

surface of the oil/water interface and obscures arthropods from view),
or to a decrease in the efficiency of the funnel mesthod, because-animals are
trapped in clay soils either by the shrinking and distortion  of the
soll core as it dries or because they adhere to the surface of wet clay
particlés at the bezinnhing of the extraction. Possibly, both factors
contributed to the decreased relative efficiency of the funnel method on
these sites.

The relative efficiency of the rlotation mefthod decreased wnhen the
different methods were compared on soils with large amounts of
undecomposed organic metter, particularly woodland soils. The reasons foxr-
this may be because of the increased amounts of floating organic
matter which obscure arthropods from view at'the 0il/water separation
stage of the flotation method or may also be due to a real increase in
the efficiency qf the funnel method for these soils, HNeither of
these reasons would explain the results for the woodland peat soil,
where flotation was significantiy moxre efficient than the funnel
method for all the mite groups except Prostizmata. It is possible
that this can be explained because it was difficult on this particular
site to distinguish between mites that were dead ét the time of samplin:
but were sufficiently intact to bs counted as live. It has been noted
by Murohy (1962b) and Satchell & Helson (1562) that flotation metihods

can overestimate soil arthropod populations in this way.
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The condition of most of the specimens recovered by the flotation
method was poor, the arthropods being dameged during the wet sieving
stage of fhe process. This, coupled with the time taken to complete
a flotation extraction which was at least three and oftén as much as ten
times the number of man-hours tzken to complete a funnel extraction,
tended to encourage the choice of a funnel method for estimating the
populations of most soil arthropods, even if for some arthropod groups, this

involved a marginal loss of accuracy in the resulis.

SECTION VI, FACTORS AFFECTIMNG THE RELATIVE SFFICIENCY OF DRY=

FUNNEL METHODS

Introduction

The effects of sample treatment on the efficiency of the A
extraction process wnen using dry—funnél methods has been discussed by
several workers (lurphy, 1962a), The survey of extraétion methods,
described in Section II, showel that most soil zoologists used some
form of Berlese/Tullgren funnel in their ecological studies, and in
Sections IV and V it was demonsirated that for most soil arthropoed groups,
dry-funnel methods extfacted,more arthrbpods from soil cores than did
mechanical methods. Dry-furmel methods seem to-be used much more than
other methods, so a detailed study of their mode of action was made
in order to determine their best possible use énd-to sugzest ways of
increasing their efficiency. To achieve this aim, various factors
thought to affect the relative efficiency of the Rothamsted pattern

Berlese/Tullgren funnel apparatus were studied,

1) The condition and orientation of the soil core during the extraction

Many factors affect the condition of the s0il core before
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extraction by drj—funnel methods, Hacfadyen (1962a), Murphy (1962a) and
von T8rne (1962a) 211l stressed the importance of taking scil cores with
a properly designed soil core to keeﬁ the disturbance of the soil
in the core to a minimum. The efficiency of the most carefully designed
extraction anparatus can be adversely affected by compression of the
sanple during its collection, transporiation or preparation for
extraction (Macfadyen, 1953; Iurvhy, 1958a; Fughes, 1954; Lussenhop, 1971).
Several worirers (Jacot, 1938; Hamme¢, 1944} Imrphy, 1958a) have
suggested that animals escapne more easily from samples placed undisturbed
in an inverted position on the furnel sieve, This may be because the
natural passageways within an undisturbed soil core are not blocked by‘
compression or debris or it may be because most arthropods are
usually found in the top 3 cm of the soil profile, The distance
travelled by the arthropods from the soil core to the collecting
funnel would bhe much shorter wiien samples were inverted on the funnel
sieve than when the soil core was placed upright on the sieve,
Other workers break soil cores into small nieces and distribute the
pieces evenly over the funnel sieves, This nrocess is aimed at releasing
arthropods travped in the centre of the soil core and make it easier for
then to escape from the surrounding soil. -Brezking up soil cores could
ve disadvantaseous in wet clay soils, where smearinzg of the soil suxiace
nay effectively encase the enclosed arthronods and prevent them escaping

(Yurphy 1958a, 1962a),.

2)

llethods

Jeveral comparisons were made to determine the effects of the
different vay of so0il core vprenzration on the relavive efficiency of the
v - - v

Rothamsted pattern Berlese/Tuilsren funnel apparatus. TFor each



- 119

‘comparison, soil cores were taken with the appropriate diameter sampling-
tool (Fig. 15a & b). The sampling procedure was to remove pairs of soil
cores randomly from a small ﬁniform'aréa at eaéh site, Sixteen pairs

of soil cores were taken for each comparison and the numbers of
arthropods recovered from the two sets of sixteeﬂ samyple units were

compared. The arthropods were extracted into 7055 aqueous ethyl

alcohol and glycerol (ratio; 20 ¢ 1).

(i) Sixteen intact soil cores, 10 cm diameter and 5 cm' deep, taken
from a permanent pasture site‘on Batcombe series silt-clay-loam soil,
were ﬁlaced undisturbed in an upright position (i.e. their upper surface
away from the funnel sieves) above sixteen funnel units. Sixteen other
so0il cores were placed similarly but in an invefted position (i.e. their
upper surfaces next to the funnel sieves)., Care was taken to ensure the
minimym compression and disturbance of each soil core,

/
(ii) BSixteen intact soil cores taken as above, were placed in an

intact #nverted position on the sieves of sixteen funnel units. Sixteen
.other soil cores, but first broken into small pieces by hand, were

placed separately on the sieves of sixteen other funnels,

(iii) Sixteen soil cores, 5 cm diameter and 15 cm deep, again
taken from the same pasture site, were broken into small pieces and
spread over the funnel sieves as above; sixteen other undisturbed intact
cores, 5 cm diameter and 15 cm deep, were laid in a sideways position
in the sample containers, so that the vertical sides of the soil cores

were in contact with the funnel sievesz.

(iv) Sixteen soil cores, 5 cm diameter and 15 cm deep, taken

from the same site were broken into small pieces and spread evenly
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on the surface of the funnel sieves forming a relatively shellow layer.
These were compared with sixteen other soil cores which were broken into
small pieces and placed into much deepef cylindrical holes in blocks

of expénded polystyrene., Iach hole was 5 cm diameter and 15 cm deep
and the Hlocks were sheped to fit inside the sample containers of the

funnel units with no appreciable gaps.

b) Results and Discussion

The results are summarized in Figs. 39 - 42, and significant
differences in Tables.,19 - 22,

The comparison of numbers of animals recovered from intact
samples placed upright on the funnel sieve with those from intact samples
which were placed in an inverted position shows that almost all of the
animal groups present in the soil samples were extracted in greater numbers
wihen the soil cores were inverted on the funnel sieves than when they
vere upright. In particular, significantly more prostigmatid and
gomasid mites and thrips were recovered from inverted soil cores than
from upright ones at the 15 level of probability. Significantly more
isotomid springtails, fly larvae and beetlés were also recovered from
inverted than from upright soil cores at the 55 levei of probability.
There were no significant differences between the numbers of
cryptostigmatid mites, onychiurid or sminthurid sprinstails recovered from
the two treatments. From these dzta it seems that for most soil arthropods

the efiiciency of this extraction method is improved when intzct sauples

are placed in an inverted position rather than an upright position on the

funnel sieve,
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FIG, 39.

TULLGREN  FUNNEL EXTRACTION -
THE EFFECT OF SOIL SA_MPLE TREATMENT ON THE
"NUMBERS OF ARTHROPODS EXTRACTED

A COMPARISON OF INTACT-INVERTED SOIL SAMPLES -
WITH INTACT-UPRIGHT SOIL SAMPLES

[\ .
o X| & ol $-
g S s o g St
o~ N < Q <
S & 5 < | ® g |
F |&£ |§ |€ |F |I&
] Q () Q @) N
significance — — — * * | % % |
2511 '
201
g |
-3
- .
0-
geo !
= L
Q 51t
_L'
Intact-inverted soil samples
Intact-upright soil samples
L No significant difference
significance between means -
v 200 A significant difference at
g3 * Tthe 5% level
8%150 F [4 o jgve )
G ¢ _ege o
¥ 100] A significant difference at
§~_Q : * % the 1% level
Q.




122
FIG, 40.

TULLGREN  FUNNEL = EXTRACTION
THE EFFECT OF SOIL SAMPLE TREATMENT ON THE
NUMBERS OF ARTHROPODS EXTRACTED

A COMPARISON OF INTACT—INVERTED SOIL SAMPLES
~ WITH BROKEN SOIiL SAMPLES
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| FIG, 41.

TULLGREN FUNNEL EXTRACTION.
THE EFFECT OF SOIL - SAMPLE TREATMENT ON THE
NUMBERS OF ARTHROPODS EXTRACTED.

A COMPARISON OF BROKEN SAMPLES WITH INTACT SAMPLES
PLACED ON THEIR SIDES ON THE SIEVES. '
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FIG. 42,

TULLGREN FUNNEL ~ EXTRACTION

THE EFFECT OF SOIL-SAMPLE TREATMENT ON THE
NUMBERS OF ARTHROPODS EXTRACTED
A COMPARISON OF BROKEN SAMPLES EXTRACTED AS 12'%cm DIAM.
2-3cm. DEEP UNITS WITH BROKEN SAMPLES EXTRACTED AS 5cm.
DIAM. 15cm. DEEP UNITS
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TABLE 19

COMPARISUN OF SOIL CORE TREATMENTS

Treatments - Entact uprlght soil cores v intact inverted soil cores Soil txge ~ Batcombe series clay 1oam
Site ~ grassland, Highfield, Rothamsted Samples - 10 cm diameter x 5 cm deep

* = significant difference between means at the 5% level ** -~ significant difference between means at

-~ ~ means not significantly different

the 1% level

Arithmetic means

Transformed

of 16 5911 cores ~means - log (n + 1) efficient of
Animal Intoct | Intact | Intact| Intact | ¢ . method significance
Group upright| inverted [upright| inverted o
Arachnida .
Pseudoscorpiones
Araneae
Acari
Prostigmata b1 | 188.0 ] 1.553 | 2.11% | 0.0863 | Intact inverted “
Hesostigmata :
Gamasina 9.3 2545 0.916 1.305 0.0950 | Intact inverted *x
(1ess)Rhodacaridae
_Uropodina
Astigmata
Cryptostigmata L 1 57.7 140k 1.757 0.1281 -
Insecta '
Collenbola 749 8.0 0.746 0.927 0.1085
Onyehiuridae . . . . . -
Pozeuridae Ok 0.7 0.166 | 0.184 0.0481 | 4 -
Isot-omidae 2747 6528 14318 1.647 0.0974 | Intact inverted *
Sminthuridae 10.5 10.6 0.909 | 0.997 0.0776 ' -
Diptera . © 369 7.6 0.575 0.843 0.0774 | Intact inverted *
Coleoptera 246 k.1 0.481 0.668 0.0569 | Intact inverted *
Thysanoptera Ouk 1.5 0.124 | 0,342 0.0502 In,ta‘ct-inverted | e

Séi




TABLE 20 COMPARISON OF SOIL CORE TREATMENTS

Treatments -~ - -: Broken: s0il cores v intact inverted soil cores Soil type - Batcombe series clay loam
Site - grassland, Highfield, Rothamsted Samples -~ 10 cm diameter x 5 cm deep

* - significant difference between means at the 5% level ** - significant difference between means at the 1% level
~ -~ means not significantly different

Arithmetic means Transformed
Hethod of 16 soil cores means - log (n + 1) ef?gzient Lg¥91
énlmal Broken| Intact Broken| Intact o T method significance
roup N . [ QEO
inverted inverted
Arachnida
Pseudoscorpiones
Araneae
Acari \ )
Prostigmata 67.9 203,.2 1.638 2.114 01003 | Intact inverted * %
lesostigmata
Gamasina 10.7 3040 0.918 1.305 0.0927 | Intact inverted *
(less)Rhodacaridae
Uropodina
Astigmata
Cryptostigmata 3846 | 10143 1,362 | 1.787 041154 - -
Insecta
Collembola :
Onychiuridae 23.6 13.2 16274 | 0,927 0.0990 - -
Poduridae 0.2 0.7 0,075 0.184 0,0445 - -
Isotomidae 3742 65.6 1.488 1,647 0,0846 - -
Entomobryidae 0.2 1e7 0.038 0.230 0.0542 - -
Sminthuridae 1548 10.6 14132 0.997 0.0598 Broken **
Diptera 3¢9 746 0.631 0.843 0.0624 | Intact inverted b
Coleoptera 1.9 4o 0.368 0.668 0.0603 | Intact inverted e
Thysanoptera Oult 1.5 0,081 0.342 0.0511 | Intaﬁt inverted *

921



TABLE 21 COMPARISON OF SOIL CORE TREATMENTS

Treatments -~ 7:... Brokeh" soil cores v intact Rorizonkl soil cores Soil type - Batcombe series clay Loam
Site -~ grassland, Highfield, Rothamsted Samnles = 10 cm diameter x 5 cm decp :

* - sipnificant differcnce between means at the 5% level ** - significant difference between means at the 1% level
~ ~ means not significantly differcnt

, Arithmetic means Transformed
. Hethod of 16 soil cores means - log (n + 1) éf?gizent L§¥el
Animal Intact method significance
Group Broken ho§223§:a1 " Brolen horizontal S.E,
Ara'chnida . [
Pseudoscorpiones
Araneae
Acar:i. , [
Prostigmata 661 54,7 1.779 | 1.638 10,0830 - - ™o
Hesostigmata ’ -2
Gamasina L.5 3.8 0.567 0.566 0.0919 - -
" (less)Rhodacaridae 0.6 0.7 0.130 | 0,168 0,0438 - -
Uropodina :
Astigmata o
Cryptostigmata .9 1 312 11.525 | 1,409 00959 - -
Insecta
Collembola :
Onychiuridae 1241 9.9 1,005 0.914 0.0817 - -
Poduridae .
Isotomidae 27.2 27.0 14361 1,328 0,0753 - -
IEntomobryidae
Sminthuridae 12.1 8.5 1 0080 00933 0.0617 - -
Diptera 2.5 0.7 0.479 0.184 0.0586 Brioken >k
Coleoptera 0.5 0.4 | 0.124 0.113 0,0480 - -
Thysanoptera 042 0.2 0,075 0,067 0.0314 - -
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TABLE 22 : COMPARISON OF SOIL CORE TREATMENTS . _
Treatments ~ Thin layer of brokensiil core: v column of bokensoil.core =z Soil type - Batcombe series clay loam

Site - grassland, Highfield, Rothamsted Samoles - 10 cm  diameter x 5 cm decp

* o 51gn1f1cant difference between means at the 5% level ** - significant difference betiicen means at the 1% level
- - means not significantly different

: ' Arithmetic means Transformed
Hethod of 16 soil cores means ~ log (n-+ 1) ef?gg;ént ngel
Animal . . » method significance
Group 12;:? Column 1:;:? Column S.E,
Arachnida
Pseudoscorpiones
Araneae
Acari
Prostigmata 10.9 6e3 1.158 | 0.900 0.0700 Thin layer *
Hesostigmata
Gamasina 6.3 24k 0.932 | 0.559 0.0663 Thin layer |  **
(1less)Rhodacaridae 2.0 Oukt 0,437 | 0.165 0.0774 Thin layer *
Uropodina 0.6 0.1 0.138 0,050 0.0568 - -
Astigmata 27.3 1341 463 | 1.281 0,0737 Thin layer *
Cryptostigmata 37.0 2644 1630 | 1.525 0.0658 - -
Insecta
Collembola ‘
Onychiuridae 134 3e3 14057 | 0646 0.1270 Thin layer *
Poduridae 0.kt 0.6 0.115 | 0.201 0.,0598 - -
Isotomidae 2.“‘ )‘".6 0.502 00749 0.0997 - -
Entomobryidae 1.4 k.9 00321 04706 0.1030 Column *
Sminthuridae 241 2.2 0,347 | 0.478 0.1105 - -
Diptera 3.3 0.3 0,698 | 0,100 ‘0.0583 Thin layer e
COleoptera 901 005 0.’"‘32 0.190 0.12}'*'0 - , -
Thysanoptera :
Protura : 1.9 0.i | 0,411 | 0,108 0.,0837 | Thin layer .

831
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The comparison of intact cores placed inverted on the funnel
sieve with similar.ones broken into small pieces, showed that significantly
greater numbers of prostigmatid mites, fly larvae, beetles (at the 1%
probability level) gamasid mites and thrips (at the 5% probability level)
were recovered when samples were placed intact and inverted on the
sieves than when broken up. Cryptostigmatid mites and podurid, isotomid
and entomobryid springtails were also recovered in greater numbers from
intact inverted soil cores, bhut these differences were not significaqf.
However, greater numbers of sminthurid and onychiurid springtails were
recovered from the.broken sanples than from intact ones. IlMost arthropod
groups seemed to be extracted more efficiently from clay loam soil by this
extraction method, when samples were placed intact and inverted, rather
than broken, on the funnel sieves,

Wnen 5 cm diameter soil cores wexre either laid intact in a
horizontal position on the sieves or broken into small pieces and
spread evenly on the sieves there were few differences between treatments.

-

Significantly more dipterous larvae were recovered from broken samples
than from horizontal ones but althouzh more prostigmuatid and
cryptostigmatid mites, and onychiurid and sminthurid springtails were
recovered from broken soil cores, the increases in numbers were not
significént.

VWhen broken samples were eithér spread evenly on the funnel sieve
or confined in a deener layer in polystyrene baffles to a central part
of the sieve, greater mumbers of most groups of soil arthropods were
recovered from soil cores which were broken and spread evenly on the
funnel sieves. Significantly greater mumbers (at the 1% probability -
level) of ganasid mites and dipterous larvae were recovered from the

gsamples that were spread evenly on the fumnel sieve than from confined



- 130

- ones. Prostigmatid, rhodacarid and astigmatid mites, onychiurid
springtails and protrura were also extracted in significantly greater
numbers (p < 0.05) from the broken soil cores spread evenly on the fumnnel
sieve than from the broken-pieces held in the polyétyrene bafiles.
ConVersely, significantly more (at the 55 probability level) entomobryid
springtails wereAregovered from the broken samples held in the polystyrene
baffles than from the broken samples spread evenly on the funnel sieve,
Other springtails, except for onychiurids, were also extracted in

greater numbers from these samples, but the differences were not
significant.

Most so0il arthropods were extracted mofe efficiently from the broken-
soil cofes spread thinly ovef the sieves than from either intact cores laid
horizontally on the sieve or from broken samples held in polystyrene
baffles. These results suggest that the best of these three methods of
extracting arthropods from broken soil samples was to spread the soil
evenly over the funnel sieve., However, for most soils it was preferable when
possible to use intact, undisturbed soil corés and place them surface
dovnwards on the funnel sieve. The reasons for the increased efficienéy |
of extraction obtained in this way are still not fully understood, and
resultg may differ for other extraction methods, sizes of scil core or
soil type. Since‘more arthropods were extracted froﬁ the broken samples

o the sieves
spreadkthan from intact samples laid horizontally it seems that most
arthropods are not damaged by the sample disturbance; and that poésible
smearing of the clay when breaking the sample into pieces is not an
important factor, at least for the claj loan soil tested. The results
from all these comparisons sugsest that the increased number of soil

arthropods obtained from intact inverted soil cores .. -, are due to
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" more arthropods being placed nearer to the funnel sieve before the

extraction begins.

2) The size 6f the soil core and the depth of soil placed on the sieve

over the collecting funnel

The number and size of soil cores or sampling ﬁnits required to give
statistically accurate estimations of soil arthropods populations have
been discussed By (Healey, 1962; Debauche; 1962; loreau, 1965;
Cancela da Fonseca et al., 1967; Befthet, lé?l). However, their
results are largely empirical and do not take account of possible
large changes in poﬁulationé and distribution of soil arthropods
through. the season (Southwood, 1966) or of the relative efficieﬁcies
of the techniques and methods used for extracting arthropods from soil.
Vhen extracting a range of soil arthropod groups of very different
sizes, distribution and population densities, the dimensions of the
samples used must be large enough to allow for populations of those
aninals present at low densities to be estimated: but not so large
as to cause difficulties in sorting and'counting those animals present in
large numbers. Soil arthropod populations consist of a mixture of both
scarce and abundant species, therefore no one size or number of sample
units can be ideal for the étudy’of all the different‘species within a
populatibn. The aim of the present investigetions was not to determine
the optimum number and size of sampling units required to estimate
the number of arthropods present in a population, but rather to détermine
which physical parameters of sample units affected the efficiency
of dry-funnel extraction methods.

In the following comparisons, the effects on efficiency of the

diameter and depth of intact soil cores and the depth of broken soil
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cores used in funnels were investigated.

A. The effect of soil core diameter on the relative efficiency of the

Rothamsted funnels -

The influence of soil core dizmeter on the efficiency of dry-fumnel
methods of extraction is particularly difficult to determine. This
is because the number of arthropo@s recovered from sample units of
different surface areas is closely related to the size and mobility
of the different species and their degrees of aggregation. TFor this——
reasoﬁ Debauche (1962) stressed that comparisons should be made only
with samples consisting of an equal number of units of the same size,
Despité these objections, a comparison of samples of different diameters
was made in order to assess the importance of sample diameter on the

efficiency of one tyve of dry-funnel extraction technique, namely

Rothamsted pattern Berlese/Tullgren.

a) Methods

Sixteen pairs of soil cores, IQ cm diamefer and 5 cm diameter, and
each 5 ca deep, were taken from woodland and grassland habitats on
Batcombe series silt-clay loam soil at Rothamsted. They were taken from
uniform areas of land on the two sites with the sampling tools described on
page 60 . The soil cores were placed undisturbed, intact and inverted-
on the funnel sieves and the arthropods were collected into 707 aqueous
ethyl alcohol and glycerol (ratio 20 : 1). Be?ore statistical analyses
the data from the smaller soil cores were multiplied by correction
factors based on the differences in volume of the samples. A further
comparison of the same type was made between 12,7 cm diameter and 10 cm
diameter soil cores, both'5 cm deep, on a different permanent pasture

gsite on clay loam soil gt Rothamsted.
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'b) Results

© The results ére summarized in Tables 25 - 25, The comﬁarison
between 10 cm and 5 ém diameter soil cores shows that the only
significant difference rééorded was the increased numbers of sminthurid
springtails récovered from the 10 cm diameter samples on thke pasture
site, Significantly more smintimurid springtails were also recovered from
the 12,7 cm diameter soil cores than from the 10 cm diameter soil cores
on the other paéture site. Conversely, significantly more fly larvae
(P £ 0,01) and beetles (P.'.< 0.05) were extracted from the 10 cm diameter

s0il cores than from the 12;7 cm diameter soll cores.

c) Discussion

The few significant differences, in numbers extracted, observed

.in these comparisons suggest that for most groups of soil arthropods the

diameter of the soil cores within the range tested was of little
importance in relation to the efficiency of this extraction method.
However, it is possible that other factors influenced the results. For

exanple, the different surface area to volume ratio of the different-

" sized soil cores meant that the edge effects caused by removing the

soil cores from the ground were greater in the smaller samples.
Different-sized soil cores would also influence the rates of heating and
desiccation operating within the core. These factors, together with

the inherent difficulties of comparing different-sized sampling units
mentioned earlier, may combine to mask any direct effects of soil core

diameter on the efficiency of dry—funnel'extraction methods.

B, The effect of the depth of the soil sample on the relative efficiency

of Hothamsted funnels

The depth of the sample material in the sieve containers in fumnel
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TABLE 23. CCMPARISON Cr SOIL CORB TRBATMINTS

DIAMETER OF SOIL CORES

TRuATHZITS - 5 om diameter x.5 cm deep soil cores v.
10 cm diameter = 5 cm deep soils cores

SOIL TYPS -

SITE
SAMPLES

BATCOHE SZRIES SILT-CLAY LOAI
MIXED DECIDUOUS WCODLAND, MANOR WOOD, ROTHAMSTE

AS AZOVE. - EXTRACTZD INTACT AND INVIRTED INTO
ALCOHOL 5 cm diameter cores converted to 10 cm

diameter for comparison.

- =-'means not significantly different

TanTmim:Ic
MaTHECD (M3 OF 16 TRANSFORMED
CORZ3 MEANS - LOG (n + 1) 1ORE LLVAEL
s . EFFIC/ | OF
ANTMAL 5 cm.| 10 cn.| 5 cm. | 10 cm.. S.3. IZHT SIGNI/
GROUP |didn,.|diam. | diam. | diam. METHOD | FICANCE
ARACHNIDA
Pseudoscorpiones
Araneae
Acari
Prostigmata 57.7034.7 | 1.681 | 1.507 0.0701 - -
Mesostigmata ' ' )
Gamasina (less)| 25.2{ 13.6 | 1.335 | 1.113 0.0623 - -
Rhodacaridae h,2| 1.3 | 0.570 | 0.284 0.0877 - -
Uropodina 35.6[18.1 | 1.432 | 1.209 0.0736 - -
Astigmata 6.0 2.9 | 0.55% | 0.435 0.1074 - -
Cryptostigmata |[106.2|65.4 | 1.930 | 1.773 0.0530 - -
INSECTA
Collembola
Onychiuridae 32.,2| 161 | 1.317 | 1.126 0.1025 - -
Poduridae 1.2 1.2 | 0.218 | 0.257 0.0761 - -
Isotomidae 116.7/65.9 | 2.017 | 1.795 0.0529 - -
Zntomobryidae 5.5 2.2 | 0.472 | 0.441 0.1064 - -
Sminthuridae L2.5|17.4 | 1.566 [7.240 0.0557 - -
Dintera 6.5 3.6 | o.044 | 0,038 | .0.0403 - -
Coleoptera L.0] 1.7 | 0.457 | 0.386 0.0941 - -
Thysanoptera '
Memiptera
Hymenoptera
Psocopiera
Protura
Divlura
MYRIAPODA
Chilopoda 3.7 2.2 | 0.517 | 0.451 0.,0872 - -
Diplovoda 1.5 2.2 | 0.234 | o.424 0.0822 - -
Symphyla '
. Paurovoda 1.2 0.2 | 0.191 | 0.067 0.0666 - -
CRUSTACEA :
Isopoda 6.5 6.37| 0.657 | 0.756 0.1063 - -
* -~ significant difference between means at the 53§ level
** - significant difference betueen mesns at the 1% level
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TA3LE 24, COMPARISOH OF SOIL CORE TRSATHIKNTS
DIAMATER OF SOIL CORES
TREATMENTS - 5 cm diameter x 5 cm deep v, 10 cm diameter x
' 5 cm deev
SOIL TYPE -~ BATCOMBE SERIES SILT CLAY LOAM
SITw - GRASSLAND, BONES, CLOSE, ROTHAMSTED
SAMPLES - AS ABOVZ EXTRACTZD INTACT AND INVERTED
: OVER ALCOHOL (5 cm diameter cores converted
to 10 cm diameter for comparison)
METHCD E;Ifnuoflc6 TRANSFORMZD MORE LEVEL
““‘iong1 MEAIS - LOG (n + 1) | EFFIC/ | OF -
- I:NT SIGNI/
ANIMAL 5 crie 10 cm ||5 eme 10 cm. S.B. | METHOD | FICANCE
GROUP diam. diam. [ldiam. dian. ' —~
ARACHMIDA
Pseudoscorpiones
Araneae
Acari
Prostigmata 27.0 29.3 {[1.365 1.367 0.0762 - -
Mesostigmata :
Gamasina (less)|20.7 12.3 [[0.952 1.045 0.1275 - -
Rhodacaridae . |[17.7 6.5 ||1.063 0.792 0.1025 - -
Uropodina 6.7 0.6 [[0.127 0.135 0.0979 - -
Astigmata 15.2 8.2 [l0.829 0.875 0.1216 - -
Cryptostigmata 2.0 3.4 ||0.266 0.520 0.0943 - -
INSLCTA
Collembola
Onychiuridae L0 4,5 |[o.400 0.486 0.1165 - -
Poduridae 19.2 21.2 [|1.163 1.313 0.086 - -
Isotomidae 54,0 62.8 |[|1.355 1.699 0.1153 - -
Intomobryidae
Sminthuridae 8.7 32.7 |l0.362 1.497 0.0766| 10.cm **
' diame.
Diptera 7.5 4,2 |l0.758 0.622 0,0976 - -
Coleoptera 1,0 1.5 [|0.175 0.359 0.0659 - -
Thysanoptera
Hemiptera
IIymemoptera
Psocoptera
Protura
Divlura
MYRIAPODA
Chilonoda
Diplopoda
Symphyla
Pauropoda
CRUSTACEA
Isoroda

-

* - significant difference between means at the 5 level

** _ gignificant difference between means at the 1% level

-~ =~ means not significantly different.




136

TABLE 25. CCMPARISOE OF 30IL CORE TRSATHMEHTS
DIAMETER OF SCIL CORES

TREATMENTS - 12.7 cm diameter and 5 cm deep soil cores v, .-
10 cmt diameter and 5 cm deep 501l cores

30IL TYPE - BATCOMBZ SERIZS CLAY LOAM

SITE - GRASSLAND, HIGHFIELD, ROTHAMSTED
SAMPLES -~ AS ABOVE, EXTRACTED INTACT AND INVIRTZD OV:R
ALCOHOL -
mpeTm
METHOD ﬁﬁ;?*g;z% TRANSFORIL:: MCRE | LEVEL
éORES M3ANS - LOG (n + 1)|EFFIC/ |OF
ANTMAL = - —+ IZNT SIGNI/
GROUD 12.7cm. 10 cm.)|12.7cm.10 cme S.E. |[MZTHOD {FICANCE
) diam., diam.| diam. diam.
"ARACHMIDA
Pseudoscorniones
Araneae
Acari
Prostigmata 128,9 203.9 [|2.010 2.114 0.0834 - -
Mesostigmata : : .
Gamasina (less)] 26.9 26.3 | 1.271 1.305 0.0916 - -
Rhodacaridae
Uropodina
Astigmata
Cryptostigmata | 66.6 99.4 ||1.635 1.757 0,1203 - -
113aCTA
Collembola
Cnychiuridae 5.5 13.3 || 0.763 0.927 0.0858 - -
Poduridae 0.7 0.7 10.185 0.184 0.0502 ~ T -
Isotomidae 48,9 65.6 ||1.630 1.647 0.0847 - -
Fntomobryidae 2.2 1.1 || 0.342 0.230 0.0792 - -
Sminthuridae 41.7 10,6 [[1.500 0,997 0.0706|12.7 cm **
, diam.
Diptera 2.3 7.6 | 0.437 0.843 0.0722| 10 cm. *
' diam.
Coleoptera 2.8 4,2 |1 0.558 0.683 0.0391 |10 cm. S
. ' | diam.
Thysanoptera 1.5 1.5 || 0.346 0.342 0.0553 - -
Hemiptera
Hymenoptera
Psocoptera 0.5 0.1 || 0.147 0.038 0.0291]12.7 cm *
| diam.
Protura
Piplura
M YRTIAPODA
Chilopoda
Divlopoda
Symphyla
Pauropoda
CRUSTACEA
Isopoda

* - significant difference between means at the 5% level
** _ significant difference between means at the 1% level

- - means not significantly different,



137

. extraction may be a very important factor affecting efficiency. Animals
must physically pengtrateAthe soil aﬁd large volumes of sample material
can form a barrier which prevents arthropods reaching the collecting
fumel (Furphy, 1958a).v Conversely, if the volumes of so0il in the
sieve are small, the temperature and humidily gradients through'the
samnple, that are believed to be'neceséuy for the efficient extraction .
of soil. arthropods, may not be éstaﬁiiéhed. The detection of differences
in extraction efficiency due to the effect of the depth of sample
material on the sieve, was investigated in two ways; either by using
intact soil cores, carefully sliced to different thicknesses with a
sharp knife or by using different depths of broken sample material

spread evénly on the funnel sieve,

a) Methods

(i) Comparisons of diiferent depths of intact soil cores placed in

an inverted position on the funnel sieve.

Samples from a mixed-deciduous woodland site and a fallow-arable site
both on a Batcombe series silt-clay loam soil were used in these
comparisons. Three sets each of sixteen soil cores were taken from each
site, At the woodland site, soil cores 5 cm diameter and 5 cm deep were
taken in groups of three as close together as possible. At the fallow
site, soil cores 10 cm diameter and 5 cm deep were taken in the same
way. The soil cores were taken with a sampling tool éf the appropriate
diameter (Fig. 15a & b). One soil core frém each set of three was |
placed undisturbed in an intact and inverted position oﬁ a single
Rothamsted Berlese/Tullgren funnel unit. The second soil core was
" cut horizontally into an upper and a lower half, each 2,5 cm deep, and

each half was placed separately in an intact and inverted position on two
I D
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FUNNEL SIEVE

TRE!

SOIL

COMPARISON OF DHPTH OF SAMPLY MATERIAL

INTACT SOIL CORES SUB-DIVIDED AND PLACED INVERTED ON THE

5 cm diameter and 5 cm deep v. 2 X' 5 cnm

diameter, 2.5 cm deep v. 4 x 5 cm diameter
and 1.25 cm deep

BATCOMBE SZRIES CLAY LOAM

- means not significantly different,

TYPE - _ ‘
SITE - MIXED DECIDUOUS, WOODLAND - MANOR ViOOD,
ROTHAMST=
SAMPLZS - 5 cm diameter and 5 cm deep
R ARITHMETIC  [MORE  [LuVEL
METHOD | LoiNsS OF 16  TRANSFORMED ZFFIC/. [(OF
CORES (MZANS - 10G (n + 1) [IENT SIGNT/ -
MNIMAL - yH FICANCE
v Sem.[2.50201.25 | Sem | 2.50m] 1,25 [s.m. |00 (FEOACE
. cm cm -
ARACHMIDA
Pseudoscorpiones :
Araneae O.4| 0.6 | 0.1]0.113| 0.154] 0,038 {0.069 - -~
Acari ‘
Prostigmata 1hi112.6 1_,6 1115} 1.092| 1.035(0,068 - -
Mesostigmata
Gamasina(less) | 6.3| 5.5 | 5.410.803| 0.751] 0.769/0.057| - -
Rhodacaridae 1e1| 0.8 | 2.2[0.270| 0,173| 0.451|0,060 |Sub-Div. **
Uropodina 8.91 9.2 | 7.7]0.887( 0.877| 0.827{0.,084 - -
Astigmata 1.5| 0.9 | 1.9[0.275} 0,232| 0.250| 0,068 - -
INSECTA
Collembola
Onychiuridae 83| 6.7 [16.6]0.306| 0,804 1.179! 0,030 {Sub-Dive **
POduridae 003 002 006 00092* 000?5 0011"’3 0001‘1'1 - -
Isotomidae 29.2(25.4 [35.3|1.430{ 1.369| 1.477| 0.064| - -
“ntomobryidae 1.4 0.5 0,9|0.244| 0.124] 0.232| 0.062 - -
Sminthuridae 10.6|11.0 {10.41.005] 1.004{ 0,999| 0.060 - -
Diptera 1.6] 2.5 2.6[0.330| 0.408| 0.439) 0.083 - -
Coleoptera 1.0| 0.7 | 0.6]0.227{0.191| 0.130{ 0,051 - -
Thysanoptera ‘
Hemiptera
Hymenoptera:
Psocoptera -
Protura
Diplura
MYRIAPODA .
Chilopoda 0.9| 0.5| 1.7{0.243|0.103| 0,359/ 0,058 Sub-Div. *
Symvhyla
Pauropoda 0.3 | 0e6} 0.5[0.036|0.151| 0.135 0,044 - -
CRUSTACEA
Isonoda 1.6 2.5 2.6{0.336]|0.369 0.485 0.044 - -
* - significant difference between means at the 5% level
*+ - significant difference between meané at the 1% level
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CCMEARISON OF DEPTH OF SAMPLE MATERIAL
INTACT SOIL CORES SUB-DIVIDED AND PLACED IHVERTZD ON THE FUINEL SIEVE
TREATMENTS = 10 cm diam. X 5 cm deep v 2 X 10 cm diame. x 2.5 cm deep
v 4 x 10 cm diame X 1.25 cm deep
SOIL TYPE - Batcombe silt-clay loam '
SITE - Fallow arable, Pastures, Rothamsted -
SAMPLES - 10 cm diameter x 5 cm deep

METHOD ARITHRETIC MIANS TRANSFORIMED

OF 16 SOIL CORES MEANS - 10G (n + 1) HMORE |LEVEL

|=FFI/ | OF
CIENT | SIGHNITA
METHOD| ICANCE

. 1x (2% b x 1x [2=x [bx

ANTMAL
GRO%; S5cm [2.5cm| 1.25cm|| Scm  [2.5cm [1.25cm| S.E,
deep|deep | deep deep |deep |deep '

HArachnida .
Pseudoscorpiones : —
Araneae
Acari ) :
Prostigmata 0,1| 0.1 0.3 0.038]|0,038[0.075 |0.0286 - -
Mesostigmata
Gamasina 0.6 1.0 1013 || 0.162[0.254|0.265 |0,0551 - -
(Less) ~ '
Rhodacaridae
Uropodina
Astigmata 0.2| 0.1 Q.1 0.056| 0,019/ 0,038 | 0,025 - -
Cryptostigmata | 0.2| 0.4 | 0.3 || 0.049[0.086|0.075 | 0.0393| - -

Insecta
Collembola
Onychiuridae
Poduridae
Isotomidae 6.6| 5.6 b2 0.737]0.755| 0,656 | 0.0721 - -
Entomobryidae
Sminthuridae 178|179 10.6 1.195( 1.209| 1,044 | 0,0592 - -

Diptera 0.6| 0.8 | 0.7 0.173| 0.210] 0,176 | 0.0509 - -
Coleoptera 0.5| 0.7 0.4 0.143| 0,188} 0113 | 0.0426 - -
Thysanoptera
Hemiptera
Hymenoptera

Psocoptera : "
Protura
Diplura
Myriapoda
Chilopoda
Diplopoda

Symphyla
Pauronoda

Crustacea
Isopoda

. = = means not significantly different
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more funnel units., The third soil core,-from each group of three, was
cut horizontally into four slices, each 1.25 cm deep, and each of these
sections was placed separately, azain intact and inverted, on four
more funnel units. For each site, sixteen replicate samples were
extracted either as on 5 cm deep, two 2.5 cm deep and four 1.25 cm
deep sample units. The numbers of arthropods recovered from each sub-~

division of g soil core were suvmmed for statistical analysis.

(ii) 4 comparison of different depths of broken soil cores placed

on the funnel sieve

Three sets of sixteen soil cores, each 10 cm diameter and 5 cm
deep were taken from a vermanent pasture site on a Batcombe series
clayloam soil, The soil cores were taken in groups of three as close
together as possible as in the previous'comparison. Two soll cores from
each set of three were broken by hand into small pieces and the pieces
were mixed together before being spread on the sieve of a single fumnel
unit. The third sanple was broken into small pieces in the same
way and placed on the sieve of another funnel unit. This process was’
repeated for all samples so that sixteen funnel units contained double,
broken soil cores and sixteen funnel units contained single. ones.

All the samples were extracted simulianeously on the same apparatus.
The numbers of arthropods obtained from the single broken samples were
doubled to allow a direct comparison to be made between the different

depths of sample material,

b) Results and Discussion

Results of the effects of depth of intact soil cores on the
efficiency of extraction are summarized in Tables 26 & 27, . Few

arthropods were recovered from the samples taken from the fallow site,
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despite the use of 10 cm diameter cores, and many groups of soil
arthropods were not represented. Consequehtly, valid comparisons for
the failow site were few, and no significant differences between

- intact and sub-divided cores were recorded., Isotomid and sminthurid
springtails, the only arthronod groups present in large numbers in these
samples, were recovered in greater numbers from the deeper soil cores,
but the differences were not significant.

Many more arthropods were recovered from the 5 cm diameter cores taken
from the woodland site, but again few significant differences ‘between
treatments were recorded. The only significani differences showed that
rhodacarid mites, onychiurid springtgils and centipedes were extracted
in greater numbers from the shallow sub-divided soil cores than from
the whole ones, Astigmatid mites, podurid springtails, dipterous
larvae, pauropods, diplopods and isopods wére all extracted in
greater numbers from shallow, sub-divided soil cores than from whole
cores but the differences were not sigﬁificant. Conversely, more P
prostigmatid, mesostigmatid, (except for rhodacarids), and cfyptostigmatid
mites, isotomid and entomobryid springtails;vbeetles and spiders were
extracted from deeper samples, but again these differences were not
significant. The effects of compression and disturbance probably
influenced the results of this comparison in favour of the deeper soil
cores, some compression and disturbance being unaveoidable when
sub~dividing the soil cores. It was impossible to determine how
important compression and disturbance were in these results but was
obviously not an imsortant factor for those groups that were extracted
in significantly greatef numbers from the sub-divided soil cores.

In the comparison of different depths of broken samples the
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effects 6f compression and disturbance were the.same. (Téble 28).
Onychiurid springtails and dipterous larvae were azain extracted in zrsater
numbers fron the shallovw samples, Poésibly, these groups have greater
difficulty than other soil arthropods in moving through the soil,

or are 1e§s able to detect or respond to temperature and hunidity gradients.
There seened to be a tendency for the deeper dwelling, euedaphic

fauna to be more efficiently extracted from the shallow soil samples
than were the surface-living hemiedaphic forms. Some soil arthropo@;
were extracted in greater numbers from the deeper soil samples. =Zox
instance, gamasid mites, podurid, isotomid and sminthurid springteils
aﬁd psocids were extracted in significantly greater numbers from these
samples, Increased numbers of cryptostigmatid mites and entomobryid
springtails recovered from the deeper soil samples were not sizmificant,.
Poscibly, those arthropods that were recovered more efficiently from
deeper s0il samples were able to move more easily fhrough the greater
depth of so0il or respond better to steeper or more stable temperature
and humiéity credients. It is possible that physical conﬁitiéns, within
the deever layers of soil, allowed these arthfopods to survive for
longer periods and this prolonged activity possibly increased their
chances of escape from the soil saméle. Less extreme conditions,
prevailing for longer periods, may also allow eggs and other irmobile

stages time to transform into mobile forms, able to escape from the

s0il core.

¢) Conclusions

Tew definite conclusions could be reached on the effects of depth of
sanple material on the efficiency with wnich most arthropod groups
- &= (=3 §Y

were extracied from soil, Clay soil was chosen for these comparisons
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COMPARISON OF DEPTH OF SAMPLE MATERIAL
BROKEN SOIL CORES EXTRACTED AS SINGLE OR DOUBLE UNITS

TREATMENTS - BROKEN SAMPLES DOUBLE DEPTH V. BROKEN SAMPLES SINGLE DEPTH
SOIL TYPE - BATCOMBE SERIES CLAY LOAM
SITE - GRASSLAND HIGHFIELD ROTHAMSTED
SAMPLES - 10 cm diameter x 5 cm deep cores (DOUBLE SAMPLE RESULTS
HALVED)

* _ SIGNIFICANT DIFFERENCE BETWEEN MEANS AT THE 5% LEVEL
** _ STGNIFICANT DIFFERENCE BETWEEN MEANS AT THE 1% LEVEL
- - MEANS NOT SIGNIFICANTLY DIFFERENT

Method | Arithmetic Transformed Means- More | Level
. , means of 16 Log (n + 1) Effic-| of
Animal soil cores - sont |Sianifi-
Group - - ien ignifi
Double|Single||Double|{Single{S.E. |Method| cance
Broken| Broken| Broken| Broken -
ARACHNIDA
PSEUDOSCORPIONES
ARANEAE
ACARI
PROSTIGMATA 55.2 |67.9 {1.612 |1.638 {0.1003 -
MESOSTIGMATA
GAMASINA (LESS) 21.6 |10.7 |1.228 [0.918 {0.0927|Double *
RHODACARIDAE :
UROPODINA
ASTIGMATA
CRYPTOSTIGMATA 58.9 140.8 |[1.646 [1.362 {0.1157 -
INSECTA
COLLEMBOLA
ONYCHIURIDAE 16.2 |23.6 |0.990 {1.274 |0.0990|Single| *
PODURIDAE 0.9 0.2 {0.236 {0,075 |0.0445|Double * .
ISOTOMIDAE 78.9 |37.2 {1.818 [1.488 [0.0846|Double **
ENTOMOBRYIDAE 0.7 0.2 |0.182 [0.038 |0.0542 =
SMINTHURIDAE 39.7 115.8 |1.597 [1.132 |0.0598|Double **
DIPTERA 1.4 3.9 [0.339 |0.631 |0.0624|Single **
COLEOPTERA 1.6 1.9 ||0.370 |0.368 |0.0603 -
THYSANOPTERA 0.6 0.4 [0.161 {0.081 [0.0511 -
HEMIPTERA
HYMENOPTERA
PSOCOPTERA 1.0 0.1 ||0.266 |0.019 |0.0298|Double **
PROTURA
DIPLURA
MYRIAPODA
CHILOPODA
DIPLOPODA
SYMPHYLA
PAUROPODA
CRUSTACEA
ISOPODA
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because it is probably the most difficult soil from which fo extract
soil arthropods. Any differences in the numbers of arthropods recovered,
that were due to the effects of samplé depth, would be greater in

clay soil than on most other soils because it is probably the. most
difficult soil for arthropods to move through. Onychiurid springtails
and dipterous larvae were extracted more efficiently from thin

layeré of clay soil than from %hick layers. Moreover, these two groups
of arthropods wére extracted more efficiently by mechanical methods than
by dry-funnel methods in Sections IV and V. Probably the soil cores
used in the dry-funnel methods were too thick to allow efficient
extraction of these groups. However, the extraction of other.groups of soil
arthropods, except perhaps for the truly euedaphic forms, is not

improved by using thin layers of sample material on the funnel sieve,

3. The effect of collectinz fluids on the relative efficiency of

drv-funmel methods

Macfadyen (1961) postulated that the collecting fluids used in

dry-funnel extraction methods should be odourless, non-repellent,

nqn-volatile and should kill animals falling into it. The questionnaires,
| descrived in Section II, indicated that many soil zoologists used
some form of ethyl alconol as é collecting fluid, zlthough some favoured
other fixatives or water. For example, saturated picric acid solution
was recommended for use in the Oxford infraQred extractor (Kempson.gi_gl.,
1963). Therefore it seemed of value to compare the efficiency of some
of the commonly-used collecting fluids so a comparison was made of the
effects of distilled water, ethyl alcohol and picric acid solution
as collecting fluids, on the efficiency of the Rothamsted Berlese/Tullgren

funnel apparatus.,
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a) Illethods

Three scts of sixteen soil cores, 10 ecm diometer and 5 ca deep,
were taken from a uniform area of graésland on a 3atcormbe series silt-clay
loan soil, Groups of three soil cores were taken as ciosely tozether as
possible with a sanpling tool (Fig.'15a). One so0il coxe from each set
of three was extraqted into 70;% aqueous ethyl alcohol, (industrial
nethylated spirits, containing < 5:5 wood naptha) with glycerol added
(in the ratio of 20 : 1) in the collecting vial at the base of the -
funnel, The second soil core wvas ext:acted into distilled water and the
third into a éaturated aqueous solution of picric acid, mach group of
three soil cores received the same treatment and 211 the cores were

placed undisturbed in an intact, inverted position on the funnel sieves.

b} Results and discussion

-

The results, sumearized in Fize. 43, show that meny wmore arihropods were
collected into those vials containing alcohol and picric acid solutions
than into those containing water., llest grouns of mites and springtails were
collected in significantly greater numbers (P < 0,01) when using
alconhol ox picric acid solutions than wihen using distilled water as the
collecting fluid., Greater numbers of most arthropod groups were
collected when using saturated vicric acid solution than whnen either
2lcoliol or distilled water were used as collecting fluids, but i
differences vere not significent.  IZxceptionally, dipterous larvae were
collected in si nifi ‘ cantly greater numbers into distilled water and
picric acid solution than into agueous ethyl alcohol and glycerol mixture.

It scems that tre nature of the collectinzg fiuid used in this

Ry

type of dry~fumnel apparatus hed a particulzrly important effect upon
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the numbers of arthropods recovered from these soil samples. Furtﬁer
comparisons were made to discover why this'was SO.

Firstly, the possibility that arfhropods were escaping from‘thosg
funnels with distilled water in the colleéting vials was tested. Three
sets of sixteen soil cores, 10 cm diaméter and 5 cm deep, were taken in -
groups of three from the same grassiand site as in prévious comparisons.
One set of sixteen cores were extracted into ethyl alcohol and glycerol,
and another into distilled water as before. The third set was also _
extracted into distilled water, but the funnels used for these samples
had inside suffaces which were coated with "Fluon" (an aqueous suspension
of polytetrafluorethylene). This non-stick compound was pginted onto
the inside linings of the funnels and when dry, prevented any arthropods
from créwling up the inside walls of the funnels and escaping from the.
apoaratus in this way. The results in Fig.44, show that significantly
greatér ﬁumbersvof arthropods were collected into vials ccntaining ethjl
alcohol than into distilled'water even with the coated funnels. Again
more dipterous larvae'weré collected into distilled water than into
ethyl alcohol but this time, differences were not significant. There weréno
significant differences between the number of arthropods céllected into
the vials containing distilled water beneath the Fluon-coated and those
collected by the uncoated funnels, indicating that few, if any arthropods
were escaping from’the apparatus because they were not killed by the
collecting fluid.

Possibly the greater numbers of arthropods collected into ethyl
alcohol could be due to the volatile properties of the liquid (although
this was unlikely to: be the cause of the effectiveness of picric acid
solution, which has a vapour pressure very similar to water(Sidgwick and
Aldous,\l921). To test this theory and to confirm previous results,

four sets of sixteen s0il cores were taken in groups of four from the
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sane grassland site. One sample Trom each set was extracted into 709
aqueous ethyl alcohol with glycerol in the coilécting vial, one was
extracted into specially constructed collecting vials'containin¢ distilled
water but with a small quantity of ethyl alcchiol contained in a side-arnm
prajacting from each collecting vial (Fiz. 45). The third soil core was
extracted into distilled water as previously and a fourth into
distilled water containing a drop of detergent liquid to reduce the
surface tension. The results in Fig. 46, demonstrate that signif;cantly
more prostvigmatid and gamasid mites, qnychiurid and sninthurid springtails
and thrips, fell into those collecting vials containing ethyl alcohol,
either as the collectinzg fluid or in the side-arms, than into distilled
water, with oxr without detsrgent, Greater numbers of ﬁost other groups
of arthropods were aluo found in those vials containing ethyl alcohol
than those containihg only distilled water or distilled water and
detergent, but these differences were not siznificant at the 553
probability level, The nuabers of dipterous larvae collected into P
distilled water, with or without detergent, were also much greater than the
nunibers recovered when using ethil alcohol as the collecting fluid or
in the side-arm. Comparisons of collecting fiuids are summarised in
Tables 29 - 31,

In an atteﬁpt to explain these diffefences nore fuvlly, the soil
cores that had already been extracted over distilled water and those
extracted over 7075 aqueous ethyl alcohol and glycerol were carefully
renoved fron the dry-Tfunnel apparabus, soaked in tan water 2nd stored at
-10°C, ILater these sannles were extrzcted using the Sélt and ollick
flotation nethod to discover wiat prorortion of the various groups of
arthropods could be recovered from soil cores that had either been
extracted over distilled water and over ethyl alcohol in the collecting vial.

Table 32, shows that only a few groups of arthropods could bpe extracted
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TABLE 29, COMPARISON OF COLLECTING FLUIDS
TREATHMSKHTS

VATER ve PICRID ACID SOLUTION
SOIL TYPE - BATCOMB:Z SHRILS SILT-CLAY LOAI
SIT= -~ GRASSL:AID, HIGHEIELD, ROTHAMZTED
SAMPLES

FUIEL GIZVE,

2075 HSTHYI, ALCOHOL + GLYCEROL v, DISTILLED

5 cm diameter and 15 cm deep - BROKZN ONTO

N — - — -
METHOD §§¥?§Mailc TRANSTORED ESE? LEVEL
MDANS OF 16 MEANS - 10G (n + 1) IFTIC/ | CF
CORZS e ' IZHT | SIGNI/
METHOD | FICANCE
& A : -
*g;ga; Ae | Wo|Pea ] A U | P.de| 5.2,
ARACHNIDA
Pseudoscorpiones
Araneae
Acari : A, &
Prostizmata 66.4 5.7 84.5[1.7790.596{ 1.879[0.0330 P'A -
Mesostigmata 0. ) .
Gamasina (less) | 4.5 4.6| 7.5]0.567]0.579|0.82%[0,0919 -
Rhodacaridae 0.6 0.1] 1.0/0.180{0.033| 0.2620.0433| R.A.. -
Uropodina . ) :
Astismata ’
Cryptostigmata 41 ,9]10.7153.2]1.525[0.330[ 1.6335| 0.0959| ~Ae & -
e Ny
TIISECTA . | I - Pade
Collembola :
Onychiuridae 12,1 3.9 19.411.005(0,582 1.218|0.0817| A. & -
' - ’ P.Ao
Poduridae i
Isotomidae 273 761 30.5[ 1361|0811 1.534| 0.07535] A. & -

. : N i P.Ao
Entomobryidae ‘ :
Sminthuridae 12.% 2.0 13.4] 1.030] 0.4452} 1,004 0.0617 Ae & -

. : P.A,
DIPTERA 0.7 2.3 2.1} 0.184| 0.493]| 0.420| 0.0586] . &

. R.-ﬂt. **
Coleoptera 0.5 0.4 0.9]0.124{ 0,124 0,213 0,046 -~ -
Thysanoptera 0.4 o] 0.2 0.075|0,00q 0.067} 0.0314 = -
Hemiptera e '

Hymenoptera
Psocoptera
Protura
Diplura
MYRTAPODA:
Chlovoda
Diplopoda
Symohyla
Pauronoda
CRUSTACEA
Isopoda . ,
Ae= Alcohol vle~ \ater 2.4, - Picric icid

* - sisniciant difference between means at the 50 level
** . girnificant difference between means at the 1% level
- - means not significantly different.




TABLE 30

TREATHENTS -

153

COMPARTSON OF -COLLZCTING FLUIDS

with 'fluon!

lined funnels v distilled water

70 methyl alcohol + glycerol v distilled water

SOIL TYPE - Batcombe series silt-clay loam
SITH - Grassland, lighfield, Rothamsted
AMPLES ~ 10 cm diameter and 5 cm deep ~ intact and inverted on .
funmel sieve
* - significant difference between nmeans at the 5% level
** _ significant difference between means at the 1% level
- - means not significantly different
A - alcohol
METHOD ARTTHMETIC MEANS TRANSFORMED
OF 16 SOIL CORES ° MBANS - LOG (n + 1) |HMORE |LEVEL
; - EFTIC | OF
ANTMAL WATZR| . WVATER /IENT |SIGNIF
GROUP LCOHOL| WATER |WITH ||ALCOHOL|WATER|ITH | S.E. |METHOD|/ICANCE
FLUOM FLUON
Arachnida
Pseudoscorniones
Araneae
Acari
Prostigmata 277 | 341 | 51 1.627 |0.736(0,909|0.1513 A **
Hesostigmata
Gamasina 12,6 | bt | 3.8 || 1.346 [0.939|0.864|0.,0908] A b
(Less) -
Rhodacaridae
Urovodina
Astigmata
Cryotostigmata | 30.4 | 7.3 {11.6 | 1.523 |1.056|1.171|0.1311 - -
Insecta
Collembola -
Onychiuridae 3e1 | 0.1 | O | 0,618 |0.075[0.210]|0,1054 A o
Poduridae Ot | 0u1 | 0.2 | 0.2C0 [0.036[0.037{0.,0751 - -
Isotomidae 253 | 3.0 | 2.7 | 1.336 [0.767|0.760|0.1557 A *
Entomobryidae 11 | 0s2 | 0.4 | 0,467 [0.135]0.135[0,0834| A *
Sminthuridae 13.6 | 1.9 | 3.4 ¥ 1.352 |0,606|0.765(0.1222| A &
Diptera 0.5 | 0.8 | 0.7 | 0.285 |0.320{0.361|0.0802 - -
Coleoptera 1¢3 | 0.3 | 0.6 } 0,460 [0.11310,2820.0865 A *
Thysanoptera 106 | Oult | Ot [ 0,431 |0.135(0.210(0.1051 - -
Hemiptera
Hymenoptera
Psocoptera
Protura
Diplura
Myrianoda
Chlovnoda
Diplopoda
Symphyla
Paurogoda
Crustacea
Isonoda




TABLE 31

SAMPLES ~ 10 cm dlameter

COMPARISON OF COLLECTING FLUIDS
TREATMENTS - 70% METHYL ALCOHOL + GLYCEROL V. DISTILLED WATER V. DISTILLED HATER
+ DETERGENT V. DISTILLED WATER WITH ALCOHOL IN SIDE-ARM
SOIL TYPE - BATCOMBE SERIES SILT CLAY LOAM
SITE - GRASSLAND, HIGHFIELD, ROTHAMSTED

5 cm deep - intact and inverted on funnel sieve

Arithmetic means of 16 soil cores

Transtormed means Log . (n + 1)

Method
Water with| Water Water with| Water .| More |[lLevel
Animal Alcohol alcohol in and Alcohol|Water alcohol in and S.E. [Effic- |Of
Group side-arm |detergent side-arm |detergent method |Signi-
ficance
ARACHNIDA
ACARI :
PROSTIGMATA 87.1 94.8 31.9 1.865 [ 1.469| 1.869 1.377 [ 0.0815|Alcohol | - *¥
MESOSTIGMATA
GAMASINA 63.7 72.9 21.3 1.789 | 1.442| 1.817 1.307 0.0497 | Alcohol | *¥*
UROPODINA 0.1 0.3 0.4 0.038 [0.097| 0.075 0.086 0.0416] - -
ASTIGMATA 6.0 3.4 1.1 0.439 {0.387] 0.449 0.230 0.0983] = -
CRYPTOSTIGMATA 68.3 53.1 45,9 1.799 {1.643| 1.611 - 1.602 0.0706| - -
INSECTA
COLLEMBOLA
ONYCHIURIDAE 3.3 1.8 2.6 0.8 0.551 10.318| 0.464 0.176 0.0778| Alcohol | **
PODURIDAE 1.3 1.7 1.3 1.4 0.162 [0.283| 0.222 0.262 0.0836| - -
ISOTOMIDAE 10.7 | 6.2 14.4 8.6 0.957 10.681] 1.003 0.824 0.0986| - -
ENTOMOBRYIDAE 3.3 | 2.3 3.4 2.1 0.502 {0.412| 0.456 0.360 0.0919| -~ -
SMINTHURIDAE 2.6 0.9 1.5 1.1 0.466.|10.194| 0.351 0.262 0.0643| Alcohol | *
DIPTERA 0.5] 1.8 0.4 1.1 0.135 [0.321| 0.124 0.259 0.0514|Water *
COLEOPTERA 1.0 1.2 1.4 1.2 0.248 |0.260f 0.257 0.285 0.0641] = -
THYSANOPTERA 2.1 0.8 0.8 0.6 0.440 |10.213| 0.202 0.151 0.0545| Alcohol | **
HEMIPTERA 0.4 0.3 0.3 0.6 0.081 [0.075} 0.062 0.094 0.0517| - -

ST



158

TABLE 32

" TO DETERMINE WHETHER SOIL CORES EXTRACTED BY THE BERLESE-TULLGREN FUNNEL
METHOD MAY BE FURTHER EXTRACTED BY THE SALT AND HOLLICK FLOTATION METHOD

|
| ARITHMETIC MEANS OF SIXTEEN SOIL CORES
Method . ' ,
5 cm diom.15cm || 10 cm diom.5cm|{ 10 cm diam.x 5cm
deep "~ deep ; ~ deep
Broken onto Intact inver- |Intact inver-
funnel sieve ted into 70% | ted into distill-
into 70% alco- alcohol ~ ed water
. hol
Animaol -
Group Funnel | Subse~|| Funnel |Subse~|Funnel | Subse-
Extroc-| quent | Extroc-|quent |Extrac-| quent
tion Flotao-|| tion |Floto-| tion Flota-
tion tion | tion
ARACHNIDA ,
ARANEAE ' 0 0.2 0.4 0 0.1 0.1
ACARI-
PROSTIGMATA 65.9 1.3 87.1 1.1.430.6 1.12°
MESOSTIGMATA :
GAMASINA (LESS) 3.4 1.1 63.7 6.6 29,9 T 1.62
RHODACARIDAE 0.4 0.5 0 0.8 O 0.6
UROPODINA 0.1 0.1} 0.4 0.1
ASTIGMATA 6.0 4.4 2.2 3.4
CRYPTOSTIGMATA 50.0 3.0 68.3 3.2 148.3 2.5
INSECTA |
COLLEMBOLA
ONYCHIURIDAE 8.5 3.7 3.6 3.4 1.8 1.5
PODURIDAE 0.1 0 1.2 0.4 | 1.7 0.6
ISOTOMIDAE 18.5 2.0 10.7 0.8 || 6.2 0.3
ENTOMOBRYIDAE 0.1 0.2 3.3 0.9 | 2.3 0.2
SMINTHURIDAE 10.5 0.5 2.6 2.9 0.9 65.5
DIPTERA 2.1 8.0 0.8 9.1 1.4 2.6
COLEOPTERA 0.4 0.5 1.0 0.7 || 1.2 1.0
THYSANOPTERA 0.1 0 2.1 15.6 || 0.8 8.4
HEMIPTERA 0 3.2 0.4 1.1} 0.3 0.5
HYMENOPTERA 0.2 1.2 1 0.3 0.7
PSOCOPTERA 0.1 0.1 0.1
PROTRURA 0] 0.7 0.2 0.4 O 0.2
DIPLURA
MYRIAPODA
CHILOPODA 0.1 0.1
DIPLOPODA
SYMPHYLA _
PAUROPODA 0.2 0 0.2 0 0.1 0
it
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in greater numbers from samples that had been extracted into distilled
water than from those that had been extracted into ethyl alcohol c.g.
astigmatid mites, sminthurid springtails and thrips. lMost of the results
confirmed the findings in Section V when the relative efficiences of the
funnel and flotation method were compared. Arthropods that were poorly
extracted by flotation then, were also only poorly extracted by the
flotation method used after funnel extraction, €.g. prostigmatid nites.
Some arthropods, e.g. onychiurid springtéils, were extracted in large
numbers by flotation even after the samples had first been extracted
by the dry-funnel method int§ ethyl alcohol ox water. Other arthropods
were extracted in greater numbers by the subsequent flotation method
after samples had been extracted into any of the different collecting
fluids used in the original fumnel extraction. This may indicate that
some eggs had hatched in the intervening period between the two
extractions. Certainly, the numbers of sminthurid syringteils,
recovered by flotation after funnel extraction over water, are very P
large, especially when earliexr comparisons had shown sminthurid springtails
were only poorly recovered by flotation methods. A greater number of
dipterous larvae were extracted by the flotation method from those soil
cores exbracted into ethyl alcohol than from the soil cores extracted into
water, confirming that ethyl alcohol is a particularly poor collecting
fluid for these insect larvae.

Macfedyen (1961) made a similar study of collectins fluids with
his canister apparatus and collected more animals whén distilled water was
used as the collecting fluid in the canister than when ethyl alcohol
or potassium dichromate solution was used. Because these results were
in complete disagresment with those from my study of the Rothamsted

Berlese/Tullgren funnels, I compared ethyl alcohol and distilled water
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as collecting fluids, using the lacfadyen canister apparatus described by
Hale (1962). These results, Table 33, show that almost every group of
arthropods was extracted in greater numbers into distilled watexr than into
7C5% agueous ethyl alconol in this apparatus as llacfadyen reported,

These contrasting results are probably due to the construction of $he
epparatus. The collecting fluid is completely enclosed Just beneath the
soil core in the canister apparatus, so that a high concentration of
alcohol vapour could kill the arthropods in the soil core before they ™
were able to escape. In the Rothamsted pattern funnel, the alcohol vapour
is less concentrated and may act only as an irkitant or attractant,
causing greater activity of the soil arthropods, so increasing the chances
of them falling into the collecting fluid. However, although the vapour
phasé of ethyl alcohol is probably responsible for increasing or
decreasing the number of arthropods recovered from a soil core, it seems
unlikely that the vapour phase of picric acid solution‘could be the

cause of increased numbers of arthropods neing recovered when it is used as-
collecting fluid, so some other explanation is needed. It also seems
unlikely that distilied wvater acts as an attractant oxr repellent in

the Rothamsted pattern funnels, but obviously is important in maintaining

a steep humidity gradient in the canister apparatus. |

4. The effects of 1izht on the relative efficiency of dry-funnel methods

‘Tullgren (1918) introduced the electric light bulb as a source
of heat to dry out sample material and collect artihropods. from it.
TrisArd (1933) suggested that light was an effective stimulus to extract

negatively phototactic soil zrthronods, particwlarly in the early stagzes
f2) yp s P 3 Y g
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TABLE 33

COMPARISON OF COLLECTING FLUIDS
MACFADYEN HIGH-GRADIENT -CANISTER APPARATUS

TREATMENTS ~ ALCOHOL AS COLLECTING FLUID V WATER AS COLLECTING FLUID

SOIL TYPE - BATCOMBE SILT-CLAY LOAM
SITE - GRASSLAND, HIGHFIELD, ROTHAMSTED
SAMPLES - 3.8 cm diameter 3 cm deep

* - SIGNIFICANT DIFFERENCES BETWEEN MEANS AT THE 5% LEVEL --
#*% - SIGNIFICANT DIFFERENCES BETWEEN MEANS AT THE 1% LEVEL
-  MEANS NOT SIGNFICANTLY DIFFERENT

. ; .
METHOD ' ARITHMETIC TRANSFORMED
. MEANS OF MEANS - 10G (n+l) MORE |IEVEL
ANIMAL : 16 SOIL EFF- OF
GROUP CORES ICIENT|SIGNIP-
‘ METHOD| ICANCE
ALCOHOL | WATER | ALCOHOL|WATER | S.E.
ARACHNIDA
ACARI
PROSTIGMATA 0 0.2 0 0.056 | 0.0307 - -
MESOSTIGMATA
GAMASINA 0.1 0.4 0.019 {0,113 | 0.0297| WATER *
ASTIGMATA 0 0.7 0 0.168 | 0.0589 - -
CRYPTOSTIGMATA|{ 0.2 0.7 0,056 |0.173 |0.,0518 - -
INSECTA '
COLLEMBOLA
ONYCHIURIDAE 0.1 0.3 0.019 |0.086 |0.0311 - -
PODURIDAE 0 0.1 0 0.019 | 0,0280 - -
SMINTHURIDAE 0.1 0.6 0.019 0,169 | 0.0360] WATER ok
DIPTERA 0.1 0.1 0.038 |0.019 | 0.0225 - -
COLEOPTERA 0 0.1 0 0,019 | 0.0280 - -
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‘éf extraction. Dietrick.éi_gl. (1959) used a spotlight beam shining up
through the collectiﬁg veésel and funnz=l, on to the bzse of herbage samples,
to attrect positively phototactic arthropods. Hacfadyen (1962a) thovzht that
light was unlikely to affect the extraction of soil grthropods except
to deter animals escaping upwards &t the start of the extraction. To
determine the influence of light in dry-funnel extractors, the following

experiment was made,

Ilethods . -
Two frameworks each supporting a sheet of clear or black polythene
were made to cover ten funrel units each, in a modified high-zradient
funnel zpparatus. The polythene sheets were supported 5 cm. above the
top of the sample containers and were left open at the sides to allow air
circulation., Ten pairs of soil cores, 5 cm dizmeter and 15 cm deep, were
taken with the sampling tool (Fig. 153) from a permaﬁent srassland
site on clay-loam soil., The soil cores were broken onto the funnel
sieves and each group of ten samples waé covered over by either black
or qlear polythene frames, Soil temperatures under both black and clear
polythene sheets were monitored using a Grant miniature temperature
recorder. Thermistor beads incased in metal probes were placed on the
surface of four soil samples in each treatment, When the extraction
period began careful adjustment of the voltage controls to the electric
light bulbs ensured that the soil surface temperatures under both black
and clear polythene increased at the same rates, to approx. 35°C after
the first 12 hrs. of heating and to 40°C after five days., The temperature
in the lover part of the cabinet was maintained at 15°C x 20°C, The
arthropods were collected into 70 per cent v/v aqueous ethyl alcohol and

glycerol (ratio 20 : 1).
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Results arnd Discussion

The results are summarised in Table 34. liost arthropod groups
were extracted in greater numvers from éoil cores extracted under the clear
polythene sheet, significant increases in the numbers of prostigmatid,
gamasid and crypltostigmatid mifes, onychiurid, isotomid and entomobﬁyid
springtails were observed. Almost all the arthropod groups examined were
collected in greater numbers by the heat and light regime than by fhe
heat regime aloné. ) , : -

Not surprisingly, light sensitive species are numerous among soil
arthropods, onychiurids, symphylids and pauropods may be harmed by
ultra-violet raaiation in particular. Negative phototactic responses would
prevent arthropods escaping upwards from those dry-funmnel apparatus where
sample containers are suspended in a heat-baffle, light may not have
such a marked effect in apparatus where this escape roufte is not present.

VII. The effects of temperature and time on storaze and extraction of

arthrovods from soil samvles

A, Storage of soil samples before extraction

a) Storace befors extraction by mechanicsl methods

There are few problems assoclated with the storaze of soil samples
before extraction by mechanical‘methods, because these methods do not
depend on thé locomotor activity of the arthropods as a means of separating
them from the soil. Hence, it is recommended that the arthropods in
soil szmples that are stored at normal tempsratures should be killed
either by fumigation or by immersing the soil sample in a presexrvztive

liquid soon after they are taken, Care must be ftaken to ensure that the
q ¥

stora~e conditiqs orevent decomposition processes takin: place within the
> - b T
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COIPARISON OF SOIL CORE TREATMENTS
TREATMENTS - Rothamsted high-gradient funnel with light and heat
v Rothamsted high-gradient fummel with heat only.
SOIL TYPE - Batcombe silt-clay loam
SITE - Grassland, Highfield, Rothamsted
SAMPLES ~ 5 cm diameter and 15 cnm deep
* - significant difference between means at the 5% level
** _ significant difference between means at the 1% level
- ~ means not significantly different
HL - heat and light
o ARITIFETIC MEANS TRANSFORMED .
METHOD o ' JIORE [LEVEL
OF 12 SOIL CORES MEANS - 10G (n + 1) - =rF1/ | OF
CIENT [SIGNIF
ANTHATL . HEAT & aam | HEAT & S.E.'s o .
GROUP HEAT LIGHT HIAT LIGHT HEAT [HEAT & METHOD/ TCANCE
LIGHT -
Arachnida
Pseudoscorpiones
Araneae
Acari
Prostigmata 26.9 49,8 1.371 | 1.629 0,079 |0, 064 HL. *
Mesostigmata '
Gamasina 1143 2641 1,018 [ 1.323 0.072 0,088 HL *
(Less) -
Rhodacaridae 8.3 11.0 0.853 | 1.003 0.102 |0,075 - -
Uropodina 641 9.1 0,667 | 0,927 0.123 0,086 - -
Astigmata 14.9 3146 1,082 | 1.323 0.101]0.115 - -
Cryptostigmata [226. 50361 2.190 | 2.580 04115 {0,099 HL *
Insecta
Collembola v
Onychiuridae 7e3 178 0,857 | 1.159 0,071 (0,092 HL. *
Poduridae 0.2 161 0,050 | 0.223 0,034 |0, 084 - -
Isotonidae 3.7 16.2 06375 | 1.078 | 0.128|0.120 HL .
Entomobryidae 10.6 2648 0.866 | 1.262 0111|0131 HL *
Sminthuridae 340 6.7 0.497 | 0,770 0e121 |0,099 - -
Diptera 3.6 55 0,584 | 0,553 0,082 {0.125 - -
Coleoptera 0.2 101 0.050 | 0.230 0,034 {0,079 - -
Thysanoptera 2.9 4.2 09559 00629 0.053 O, 087 - -
Hemiptera O.Ll' 1 .5 00033 0.173 00061 00106 - -
Hymenoptera
Psocoptera
Protuwra
Diplura
Myriavoda
Chilopoda 0.2 0.2 0.050 | 0,050 0,034 |0, 034 - -
Diplopoda 0.1 0.1 0.025 | 0,025 0,025 0,025 - -
Symphyla 0.9 0.8 0.255 | 0,173 0,043 0,078 - -
Pauropoda
Crustacea
Isopoda




éoil core and most workers use cold storage at -SOC as recommended by Szalt
and Hbllick (1944). Frezzing and subsequent thawinz also helps to break
dowvnn the soil aggregates, particularly iﬁ clay soils and free the
arthropods, although this pretreatment may result in some disintegration
of the more delicate snecies during we%'sieving (Stewvart, 1974). In
addition to freezinz and thawing, Raw, (1955) introduced a chemical
dispersion agent and air evacuation process to break down the crumb
structure of the more dense clay soils, which otherwise may have been

difficult to wash through the wet sieving stage. Samples were then

frozen and stored at low temperatures until required (usually < 5.000).

B. Storzse before extraction by dynamic methods

Ideally, arthropods should be extracted from soil soon after samples
are taken, but this may be impossible for many reasons, The samples may be
too numerous for it to be possible to extract them 211 at the same time‘or,
unless a portable expedition funnel unit is available (iHacfadyen, 1953 and
1962a), extraciion of animals from samples may be delayed because the
journey from the sampling sites, back to the laboratory may take days of
even weeks, Yhen storiné sanples before exiraction by dynamic methods, it
is important to keep the arthropods they contain alive, which means that
too low a temperature cannot be used. However, if storage is prolonged
at higher temperatures, it is possible that the numbérs of live animals
in the different groups changs, because some die or are eaten by nredators
and eggs hatch, Apparent chanses in numbers of animals may also occur
because the life cycles of most mites and sprin;tails include immobile
stages which may become active. Furthermore, rhysical changes within the
soil samples, such as the rapid growth of funfal myceliln, ecan interfere with

the ability of the arthropods to escape from the soil. Haghes (1954) stored
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‘grassland éoil cores for 1-9 days at unspecified temperatures and found that
.although the nuﬁbers of Collembola Qere not adversly affected, the time |
taken to extract these animals from soil increased the l§n5er the samples
were stored. It was considered that the effects of storage on the |
efficiency of dry-funnel extraction methods should be critically assessed,
so comparisons of how many arthropods emerged from soil cores, stored at

different temperatures and for different periods of time, were made,

a) HMethods . T
Six sets of sixteen soil cores (5 cm diameter by 15 cm deep) were taken

from a permanent pasture site on Batcombe series silt-clay loam soil. The
soil cores were taken with the 5 cm diameter sampling tool described on
page 60, and were removed in zroups of six soil cores, taken as ciosely
together as possible from a uniform area of grassland. Soil cores ware
placed individually into labelled polythene bags and seaied with rubber
pands before transporting them back to the lzboratory. From ezch set of
six cores, two were placed in a 5°C and two in a 20°C constant temperature
room. The remaining thirty-two cores were extracted immediately on Rothamsted
Berlese/Tullgren funnels, each core beins broken up on the funnel sieve and the
erthropods collected into an alcohol-glycerocl mixture (in the ratio of
20 : 1). After storage periods of twenbpeight and fifty-six days
respectively, sixteen soil cores, one from ezch original set of six,
were removed from each of the constant temperature rooms and extracted

in the same way as the initial soil cores,

b) Results
The results of the extractions of arthropods from semples stored at

each temperature are summnarized in Tables 35 and 36 , and Figzs 47 and 48,
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TABLE 35
COMPARISON OF SOIL CORE TRTZATMENTS
SAMPLE STORAGE BLFORE DRY-FUNNEL EXTRACTION AT 5°C
TREATHENTS. - ‘Control samples v 20 days storage v 56 days storage
SOIL TYPE -~ Batcombe silt-clay loam :
SITE - Grassland, Highfield, Rothamsted
SAMPLES - 5 cm diameter and 15 cm deep - broken onto the funnel sieve
* -~ significant difference between menas at the 5% level
** . significant difference between means at the 1% level
-~ - means not significantly different
I - increase after 56 days
D - decrease after 56 days
S— ARITIZIZTIC MIZANS TRANSFORMED ) —-
HATHOD | o 16 sOTL comEs HEANS = LOG (n + 1) | SToR | LAVEL
/hGﬁ OF
N ) CHAN | SIGNIF
éggg%L CONTROL Digs Digs CONTROL D§§S Dggs S.E. /GES /ICANCH
Arachnida
Pseudoscorpiones
Araneae
Acari
Prostigmata 199 [20,9[{40,0| 1.254 |1.137| 1.403[0.972 - -
Mesostigmata
Gamasina 568 [10.,6{39.8 [ 0.782 | 0,913 1.351| 0.1255 I *
(Less) - ‘
Rhodacaridae 3kt 2.1 0.7 0,573 | 0.4459| 0,184 0.0817 [ D *
Uropodina
Astigmata Oo"‘l‘ 0e3] 0.1 00086 09208 00251 000855 - -
Cryptostigmata | 17.7 [14e3]11.9| 1.186 |1.028] 1.012{0.0902 - -
Insecta
Collenbola '
Onychiuridae 1645 7.5| 9.6 { 1.174 | 0,901 0,969|0.,0766 | - -
Poduridae 1.4 12| 21| 0292 | 0,278] 0.305|0.0748 - -
Isotomidae 1669  [17e1] 79| 04903 | 1,006| 0.763|0.1243 - C -
Entomobryidae 0.2 1.9| 1.2 § 0.075 | 0.331| 0.227]0,1031 - f -
Sminthuridae 6.2 7.+ 8.0 0,300 | 0,326 0.881|0,0777 - -
Diptera 2,0 1.3| 5.2 | 0.335 | 0.262{0.587|0,071k4 I *
COleoptera 1 09 1 09 1 oll' 00321 00372 003}'!‘8 000652 - -
Thysanoptera 0.kt 0.2| O 0.124 | 0.049]| 0.000{0,0280 D *
Hemiptera
Hymenoptera
Psocontera
Protura
Diplura
Myrianoda
Chilopoda
Diplopoda
Symohyla 17 Te1| 1.0 | 0.389 | 0.235|0.254 10,0529 - -
Paurovoda 0.7 1¢1 | 0.6 | 0,202 | 0.230{0.173|0.0574 - -
Crustacea
Isopoda
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TABLE 36

CCMPARISON OF SOIL CORE TREATHENTS
SAMPLE STORAGE BEFORE DRY-FUNNEL EXTRACTION AT 20°C
TREATMENTS ~ Control samples v 28 days storage v 56 days storage
SOIL TYPE -~ Batcombe silt-clay loam
SITE - Grassland, Highfield, Rothamsted
SAMPLES - 5 cm diameter and 15 cm deep - broken onto the funnel sieve

* - significant difference between means at the 5/ level
** _ significant difference between means at the 15 level
-~ means not significantly dlfferent

I - increase
D - decrease
J— ARITIHMETIC HEBANS TRAISFORIED .
HETHOD OF 16 SOIL CCRZS HMEANS ~ 106G (n + 1) ﬁigg “g;EL
ATPT . CHAN | SIGHIF
é;gggL CONTROL Digs Digs CGHTROL Digs .Digs 8.E.. | /GES | /ICAICE
Arachnida
Pseudoscorpiones
Araneae
Acari .
Prostigmata 18e2 13945596 || 1.213 | 1.473]|1.588 |0.0972 - -
Hesostigmata
Gamasina 7.1‘]' 50.2 66.1"' 0081"'6 1 0377 1 0591 001255 I *4
(Less) -
Rhodacaridae 17 | 862]21.6 | 0325 | 0.837]1.203(0,0317 I **
Uropodina .
Astigmata 1.7 | 37324 § 0.315 | 0.549|1.284 |0.,0855 I **
Cryptostigmata 31e6 | 1562{6862 | 1419 [1.306|1.671[0,0002 - -
Insecta
Collenbola R
Onychiuridae 7.6 309 507 00875 00600 00573 000766 - -
POdu.ridae 001 Te1 2.5 00038 00139 00191 000748 - -
Isotomidae 28,7 | 2242|7947 | 1389 | 1.203]|1.499[0,1243 - ‘-
EntomObryidae 007 008 23.1 0011*‘6 00154 O.L"Ll"] 001031 - -
Sminthuridae 157 | 37| 45 | 14173 | 0.498|0.587| 0,0777 D *
Dintera 0s6 | Oult| 042 | 1.151 | 0,094 0.075| 0,071 - -
Coleoptera 161 | Tolt| 0u5 | 0.246 | 0,262| 0.135| 0.0652 - -
Thysanoptera 03| O 0 0,105 | O 0 0,0280 - -
Hemiptera
Hymenoptera
Psocoptera
Protura
Diplura
HFyriapoda
Chilopoda
Diplopoda
Symohyla 1e2| 1e2| © 0.252 | 0.075| 0 0.0529 D *
Pauropoda 1¢1| 08| 0.5 | 0.259 | 0.202| 0.202| 0,0574 - -
Crustacea
Isopoda
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ATter storage for 28 days at 5°C, only rhodacarid mités vere significantly
decreased in mumbers by comparison with the controls, but after 56 days,
numbers of other gamisid mites had incvéased significantly and so

had those of dipterous larvae presumably due to the emergence from

eggs laid in the soil beforé the sémples were taken. The numbers of

. thrips, which were very sparse in these samples, decreased significantly
after 56 days. Changes in-the numbers of most other groups of soil
arthropods, even after storage for 56 days at 500, were not different_ﬂ

at a statistically significant level‘(p ('0.05) and of those significant
differences recorded, only gamasid mites changed in numbers consistently
with the increasing storage period, e.g. the significant decrease in
rhodacarid mites after 28 days did not recur in the samples extracted
after 56 days. There was a tendency for numbers of prostigmatid mites

and sriinthurid sprinstails to increzse after 28 days and even more so
after 56 days storage, but these changes were nof significant statistically.
There were fewver onychiurid and isotomid springtails after 56 days

storage at 5°C, probably because numbers of predatory mites increased
(Bawards, 1965). .

In samples stored at 20°C, the mumbers of arthropods extracted
changed much more, even.after the shorter period of storzge. The numbers
of gemasid and rhodacarid mites increased significantly after 28 days and
even more by 56 days. The numbers of astigmatid, prostigmatid and
cryvtostigmatid mites increased with the length of the storage period,
although these increases were not always statistically significant at the

5 probability level. The numbers of sminthurid and onychiurid
springtails had decreased after 28 days and 56 days storage, sminthurid

nunbers significantly so (P € 0.01), =zain, presumably, because the
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numbers of predatory mites increassd (altuoush numbers of some other -
springtails, notably isotomids, had increased after 55 days storage).
At 2000, the numbers of symphylids and pauropods decreased with storage,

those of symphylids significantly so (P < 0.05) after 56 days had elapsed.

c) Discussion

These results indicate that-storage of soil éamples at 500 even for
as long as four weeks does not significantly affect the numbers of most
groups of soil arthr0pods.recovered by this dry-fumnel extraction method.
It is possible that undetected changes; of a continuous natuna,e.g;
temporary increases followed by temporary decreases were occurring within
the gtored soil samples but this seems unlikely, The samples were taken
in mid-May, at a time when soil arthropods populations were increasing
rapidly in field conditions. Hughes (1954) found larse increases in the
numberé of Collembola from stored samples obtzined in the spring, and the
hatching of eggs while the samples were in store may well have influenced
the results obtained in these comparisons. Climatic effecﬁs nsy a2lso
influence the outcome of any storage comparisons and so optimum storage’
temperatures for soil samples taken at the extremes of the soil température
range, may well differ, Eowever, in these comparisons, storage of
soil samples at ZOOC produced large changes in the numbers of arthropods
extracted from the soil after a 28 day storage period., Therefore, it would
be unwise to store soil samples for long periods of time unless facilities
for storage at ca 500, or some other optimum temperature, were available,
If stora_e, prior to extraction by dry-fumnel methods, is unavoidable,
it would seem likely that ?eriods of two to three weeks storage, at ca 5°C,

would not cause much change in the accuracy of the results,



170

" 2. Extraction natterns of arthropods when extracted by a dryv-funnel method

~Introduction

Many workers have atteupted to define and determine the relative

importance of the stimuli that cause arthropods to leave the scil sample

nring extraction by drv—funnel methods. :iost of &

1
N L
o o o

wem nave neasured the

o

effects of various stimuli on the rate at which arthropods leave soil samples
by periodically changing the collecting tubes at the base of the funnel,
during the extraction process, Vannier (1964) described an automatic device
thch changed the collecting tubes at regular, predetermined intervals,

An automatié device was also counstructed by Bouché'and Jtawliecki (1973) to
study the extraction patterns of animals emerging during a wet-funnel
ext:action Process,

Trﬁgﬁrdh (1933), who ihvestigated the extrection patterns from a
dry—fuﬁnel nethod, concluded that desiccation was the main factor that made
arthropods leave the scil samples, Taarlev (1947 and 1955») confirmed the;e
results and concluded that the emergence of arihronods froﬁ 80il saumples
were associated with changes in doth temperature and hunidity within soil

sanplez, the sprincgtail Mesalothorax ninimis (Willem) in particudar
s i - H

respondihg to a sudden change in temperature., Iacfadyen (1961), using three
different heating iegimes and counving the nunbver of arthropods'that fell
into the collecting tubes at three day intervals, found thatv the

extractioﬁ period was prolonged and fhe efficiency of the extraction was
less, wvhen the lower temperature gradients across the samples were used.
Hef (1962) sugzested that liszht, tenperature, desiccatién and the

effect of gravity were the most impoxrtant factors ¢oncerned in the

movenment of micro=-arthropods from samples when usinz a Tullgren funnel
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- extraction method. Although his earlier investigations had indicated
that increases in temperature and desiccation were the most important
factors affecting the egress of mites from soil sémples, ler (1970)
considered that mites do not escape along downwérd desiccation gradients,
but aré influenced by the availability of soil water in relation to the
vater-rataining capacity of the sample material., Iurphy (1958a) reported
that the egress of soil mites from raw humus was closely correlated with
desiccation and that the extraction of mites from larger volumes

of soil took longer because the desiccation of these samples was

slower. Keﬁpson.gj_gl. (1963) suggested that although temperature may be
an important factor, arthropods are first stimulated by the drying process
and only then are they affected by the temperature gradient. Another
suggestion made by Kempson and his colleazues was that animals move
dovnwards under the stress of moisturs loss, and that gravity, not
temperature is the main factor affecting emesrgence during the extraction
process., Block (1966) found that patterns of emergence for the
constituent groups of mites and for soringtails differed according to '
the reactions of the different species to the temperature gradient and
humidity in the soil samples. Brady (1969) studied the extraction

of three species of astigmatid mites from poultry deep~litter and wmade

" detailed measurements of femperature and humidity gradienté and evaporation
rates within the sample material. There was an initial peak of emergence
from the medium for all three of the species studied, caused presumably,
by the disturbance when breparing the sample for extraction. Thereafter,
the pattern of emefgence showed no obvious relationship with the
temperature gradient. The authof suggested that, depending on‘the type of

sensory mechanism smployed by these mites, they moved out of the samples
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along relative humidity or evaporation rate gradients by a series of
Kineses. Vamnier (1957a, 1967b, 1970b) in detailed studies of the
relationships bstween soil micréarthropods and soil-water, has shown that
nztural populations of these animals are seldom affected by naturally-
occurring variations in the relative humidivy within soils, rather, they
are more likely to be affected by an excess of water than by a deficit.

In his investigation of the extraction of arthropods from soil samples
(Vannier, 1970b), he showed that at any constant temperature between -

10°C and BOOC, the peak emergence of the species aﬁd groups examined,
(mainly oribatid mites and isotomid springtails) occurred when a critical
threshold of moisture content, measured as pF values, was reached., The

pF values express the availability of water to plants and animals in
different soil types, and are measured as degrees of retention or "suction"
by the capillary forces in the soil. Above BOOC, temperature was the

most important factvor affecting the epress of arthropods from the soilj;
below 10°C, temperature decreased the number of arthropods recovered, P
irrespective of the moisture levels within the soil sample. All the
experiments were made at a constant temperature level, using either
natural convection within the apparatus or an electric fan to increase

the rate of evaporation of water from the sample. At constant temperatures,
vetween 10°C and 30°C, a sharp increase in the numbers of isotonid
soringtails and oribati@l mites recovered from the samples, always

occurred at those moisture levels corresponding to pf 4.2 and p¥ 5.0
respectively, KHence, the stimuli responsible for the egress of
microarthropods from soil samples during the extraction process appear

to be mainly associated with the moisture content of the soil in relation

to its water-retaining capacity. Hacfadyen (1953, 1955 and 1961) showed



that steep gradients of temperature and humidity through scil samples
increased the numbers of arthrovods that emerged.  The following
investigations vere made in an attempt to evaluate the effects of different
temperature gradients on the efficient extraction.of microaxrthropods from

SOilo

a) Methods
Studies were made, using the Rothamsted Berlese/Tullgrén funnel

apparatus, on the patterns of emergence during the extraction process;l
Four Rothamsted Berlese/Tullgren funnel units were assembled in pairs
inside a wooden cabinet, 82 cm wide, 38 cm deep and 105 cm high, with a
metal top and hinged doors (Flate 10). The funnel construction was similar
to that described in Section IIIc, but light bulbs of various wattageé,
togetner with_a rheostat, were used to control the temperature of the
extraction, and no colleciing vials were attached to the base of the
funnels. Instead, two flat perspex discs, 27 cm diameter, were positioned
horizontally beneath the funnels. The upper surface of each disc was
coated with "Stictite", an adhesive trze-banding composition. The discs
were mounted on revolving platforms which rotated about their vebtiéallaxis
at a rate of one revolution in seven days. The drive, from a syncuronous
electric motor, was direct td one disc and indirect, via a spring and
pulley wheél assembly, to the other. The narrov opening at the base of
each funnel was suspended about 5 mm above the surface of each disc,
in such a way that one funnel covered an outer anSZZn inner circular track
on each disc, Soil cores, 10 cm diameter and 5 cm deep, from a permanent
pasture site on clay loam soil were taken with the sampling tool

(Fig. 15a), and were placed intact and in an inverted vosition on the

funnel sisves. Usually the soil samples were stored at 1500 for 12 hrs.

4
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Plate - 10, Extraction pattern apparatus.
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- prior to extraction. The whole apparatus was placed in a 1500 constant
temperature room and at the start of each extraction the discs were set in
motion, As the extraction proceeded, the animals emerged'from the soil
sample and fell down the funnels and onto the discs. The sticky coating
on the discs held all but lumbricids and large sctive arthropods in
position at the point of impact. Care was taken to avoid any vibration of
the apparatus once the process had begun and any large animals seen were
removed, before the extraction began. The starting point of each circular
track of extracted arthropods was clearly merked on the discs. Each
extraction was completed within seven days and the discs were removed and
nmounted on a freely-rotating stage so that arthropnods could be examined
with a binocular microscope at x25 magnification while still embedded in the
"Stictite". The perspex discs were superimposed over a Cambridge recorder
chart (No. 656) and the identity and position of the arthropods were
- related to successive six-hourly periods after extraction began., Iiost
arthropods were identified into major groups while still embedded in the
"Stictite", although occasionally arthropods had to be removed, cleaned
in xylene, and identified at higher magnifications. To ensure that this
extraction procedure was not causing major changes in the numbers of
arthropods being extracted, a similar group of four funnels, were
assembled in different constant temperature rooms depending upon which
experimental temperature regime was being exzamined. Thess funnels were
used to extract similar soil cores into collecting vials containing 705
aqueous ethyl'alcohol and glycerol (in the ratio of 20 : 1). Comparisons
between the totzl numbers of arthropods, extracted by the two methods, then
ensured that no abnormal differences occurred. (Table 37).

Continuous tempsrature measurements were made at various points

in the soil samples under investigation, using a miniature temperature
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recorder, manufactured by Grant Instruments, Cambridge. Thermistor Beads,
encagsed in metal probes, were inserted into the invefted soil ccres at
three points. One probe was placed at the top nearest the heat source,
about 5 mm from the upper surface, another into the middle of the soil
core, about 2.5 cam from the upper surface, and the Third probe was
inserted between the bottom of the soil core arnd the metal ;ieve.
Other probes recorded air-temperature in the funnels and.the surrounding
air-temperature in the cabinet, =
The relative humidity.at varioﬁs points within the soil core wés
nmeasured using cobalt thiocyanate paper (Solomon, 1957). Strips of
cobglt thiocyanate impregnated paper, encased in dialysis tubing (a semi-
pefmeable membrane) were inserted in slits made in the soil core with a
sinarp knife., By removing the sirips of paper at intervals throughout
the extraction period gnd measuring the colour change alon_ their length
against permanent colour standards, it was possible to follow the
changing humidity zradient within the soil sample. However vhen the soil
samples were wet, the cobalt tuiocyanate was leached from the '
paper; when the soil samples were dry, the disturbance caused by their
renoval, dislodged larze amounts of sample material down the funnel
and onto the "3tictite" coated discs making counting and identification
of the arthrovods impossible. 3Because of these difficultes, humidity

measurements were abandoned at an early stage in the experiments.

Preliminary experiments, with light bulbs of various wattazes and a
rheostat control, established three standard temperature regimes for the
extraction of arthropods from soil sanvples by this apparatus. Temperatures
that were very similar to those recommended in Section IIT, for use with

the Rothamsted Serlese/Tullzren funnel apparatus, are referred to as
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"ﬁormal' extraction.temperétures. Here the upper soil surface temperature
reached 33°C Quring the first 24 hrs., and maintained a 15-20°C
differential from smbient during the reét of-the extraction period. A
'low' temperature regime was created by allowing the upper soil surface
temperature to reach 21° during the first day and maintain a 500 - 1090'
differential thereafter. In the 'high' tenperature regime,'the upper

so0il surface temperature reached 4800 during the first day and maintained

a 3300 - 40°C differential from ambient thereafter,

b) Results

Fig. 49 and 50 show typical extraction patterns for emerging
érthropods when using the 'normal'! temperature cycle. Preiiminary results
showed that relatively few arthropods were recovered by the experimental
technique as compared with the numbers extracted from corresponding soil
cores over vials containing alcohol and glycerol mixtures. FKEowever,
it was found that by placing open disnes of the alcohol and zlycerol
mixturé at the collecting level in the cabinet, comparaﬁle numbers of
arthropods from the two extraction methods were obtaiﬁed. Even so, onl&
four major groups of soil arthropods were considered because the numbers
of most arthropods recovered from single soil cores were too few for specific
studies to be made.

From the histograms showing results when using 'normal' temperature
regimes, in Figs. 51 - 57, it can be seen that most arthropods emerged
in two peak periods, one at the beginning of the extraction period,
corresponding tovthe time of rapid touperature increase within thé soil
core, and a second, usually larger peak, on the second, third or fourth
day of the extraction. The second veak extraction period occurred when

little or no chanze in temperature was recorded in the soil samples. Possibly,
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FIG, 49.

THE EXTRACTION PATTERNS OF ARTHROPODS FROM

SOIL SAMPLES USING ROTHAMSTED TULLGREN FUNNELS

AT RECOMMENDED TEMPERATURES
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FIG., 50.

THE EXTRACTION PATTERNS OF ARTHROPODS FROM
SOIL SAMPLES USING ROTHAMSTED TULLGREN FUNNELS
AT RECOMMENDED TEMPERATURES
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FIG, 51.

THE EXTRACTION PATTERNS OF ARTHROPODS
FROM SOIL SAMPLES USING ROTHAMSTED

TULLGREN FUNNELS
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THE EXTRACTION PATTERNS OF ARTHROPODS
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FIG. 53.

THE EXTRACTION PATTERNS OF ARTHROPODS
FROM SOIL SAMPLES USING ROTHAMSTED

TULLGREN FUNNELS

TEMPERATURES ©C recorded at :-

regime "~ regime regime
(o] ) - - P e P ]
¥ 45] .'/
3
'.6 351 7 Iy At g R e —n—n
- o
8_ 25 [ eI e Mg M My
E ./"‘""’_’_':'— P
lg 15‘ é‘_“_rﬁ-r" langl — - -— atman 2
i 2 3 4 56 | 2 3 45 6 | 2 3 4 5 6

REPLICATES

SAMPLE

-=——-~ Upper soil surface

—w-s-ss-s-  Collecting level
2'5 c.m. from upper soil surface = Sieve level
“Low" temperature “Normal temperature “High'temperature

OTHER  ACARINA

+30
20

r30
+20

30
20

- 30
- 20

| 2 3 4 56 1 2 3 4 5 6 |1
EXTRACTION TIMF — DAYS

2 3 4

—y—

5

6

SH3IGWNN

‘YH 9 H3d (Q3LOVHLIX3

aoly3d




FIG., 54.

THE EXTRACTION PATTERNS OF 7 ARTHROPODS
FROM SOIL SAMPLES USING ROTHAMSTED
TULLGREN FUNNELS
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FIG. 55.
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FIG. 56.

THE EXTRACTION PATTERNS OF ARTHROPODS
FROM SOIL SAMPLES USING ROTHAMSTED

TULLGREN FUNNELS
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FIG. 57.

TEMPERATURES
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this second peak exiraction period corresponded to a sudden drop in
relative humidity within the soil cores or to the point at which moisture
availability became a critical factor to the arthropods remaining in soil
samples.. Although the second extraction peak always occurred at
approximately the same time for different arthropod groﬁps within the
same soil core, there was a maximum time lag of 48 hours between dirferent
soll cores., This suggested a2 common féctor possibly water content, which
varied slizhtly between samples, Water content exvressed as a percentage
of oven~dried weight, given in Table 3§, showed a differenée of o?er_20ﬁ
between sanples taken side by side from the same site on the same day.
Presumably, this reflected the stony nature of the soil.

.Not all the arthropod groups emerged in the two peak periods,
because the first peak was much less obvious and sometimes absent foxr the
mesostizmatid mites, and occasionally, neither of the peaks were obvious
particularly when the resulis from only one soil core were considered.

In the 'normal' teapsrature regime, the majority of arthropods were

extracted by the end of the fourth day, and usually the majority of

process, the timing of the second peak differinz for different cores.
With the 'low' tempersture rezxime, extraction of all the arthropods

took longer, and was not completed uantil after six days. TFewer arthropods
were uswally recovered from soil cores using the 'low' temperature

regime than when the 'normal! temperature rezime was used (Table 37).
Mites, in particular prostigmatid mites, emerzed mostly towards the end
of the extiraction process, and tl:ere was little indication of an earlierx
peak of emergence, as occurred with the 'normal' temnerature regime.

Host other groups showed no bimodal extrszciion pattern when 'low!
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TABLE 38

THE WATER CONTENT OF SOIL CORES USED IN EXTRACTION

PATTERN INVESTIGATIONS

FRESH WEIGHT OVEN-DRIED WEIGHT WATER CONTENT
(10 cm diameter (80% FOR 4 DAYS) * (AS PERCENTAGE OF
5 cm deep) DRY WEIGHT)
529.0 g 315.0 g 67.9%
445.0 g 250.0 g 78.0%
402,5 g 221.0 g 81,9%
490.0 g 311,0 g 5T
494.6 g 283.4 g T4.5%
504.7 g 307.3 g 64.2%
499.8 g 308.0 g 62.3%
473.8 g 287.9 g 64.6%




189

temperature regimes were used., When using the 'hish' temperature regine,
all arthropods that emerged did so during the first 24 hours, the majority
being extracted in the first 12 hour period. In comparison with the
numbers of arthropods extrécted b& the 'normal’ temperature regine, the

Thizh! temperature rezime xwecovered very few arthropods. (Table 37).

c) Discussion and Conclusions

Temperature plays an important role in influencing populations of
most animals (Andrevartha and Birch, 1954; Andrewartha, 1961). Extensive
surveys by Vannier (l970b) show increases in population density of soil
microsrthropods were correlated with increases in temperature rather than
changes'in relative humidity; and various workers have demonstrated the
importance of temperature and humidity on the survival and distribution
of soil arthropods, (Uvarov, 1931; Dowdy, 1944; Gilyarov, 1947;
Wallwork, 1960 & 1970; Iadge, 1961, 1564a, b, &(1965a, D)

The role of tenperziure and ﬁumidity in the dry fuanel extraction
process is rather different o that in field conditions, but under extrene
climatic conditions, similzr principles may a:ply (Vanniex, 1970b).
Temperature increases the locomotory activities of soil arthropodé as does
decreasing moisture content of the enviromment of most insects, hence the
chances of arthropods falling into the collecting device are increased.
There is, however, no consistent pattern of temperature or humidity
reqﬁirements for soil arthropods in different environments, e.g. the
optimum temperature ranse for the extraction of soil arthropods in
Celcutta soil ranged from 51°C to 54°C (Deb and Raychauchuiri; 1966).
Tenperature and hunidity resimes differ for every itype of dry-funnel
apparatus énd different scils and climates require the application of

different extraction temperatures and humidity changes in oxder to extract
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TiBLE 37 TOTAL KUMBZIRS OF ARTHROPODS RECOVERED FRCH SINGLE SOIL CORES IN IXTRACTION PATTERN ILVESTIGATIONS
Lov ' NORMAL . NORMAL HIGH
TEMPERATURE CONTROL TEMPERATURE CONTROL TRMPSRATURE CONTROL TEMPERATURE CONTROL
REGIME REGIME REGIME REGIME
SAMPLES SAMPLES SAMPLES SAMPLES SAMPLES SAMPLES SAMPLES SAMPLES
17 2 3 411 2 3 411 2 3 411 2 3 41 2 3 4|1 2 3 4|1 2 3 4|1 2 3 4
{ARACHIVIDA
ACART
PROSTIGHMATA 137 290 100 491120 76 145 99 (274 145 139 151|236 179 238 267 [265 145 139 136|335 299 321 426 | 30 45 51 53| 74 279 254 224
MESOS TIGHATA % 34 9 19) 37 36 18 83|63 73 62 80|73 57 110 120| 48 55 61 62|68 71 7311631 24 25 9108 129 172 87
OTHER ACARINA 12 25 25 19| 13 54 28 L4 23 74 12 26|27 30 52 73|35 11 7 ?7(71 17 72 12
INSECTA
TOTAL COLLIMBOLA 219 168 293 250 [273 321 338 439
ONYCE IDAR o
s gggﬁRIﬁZE % 1 18 5 s5l11 7 23 s 38 27 61 52| 6 7 b 12[28112 13 22| 25 15 W 5
ISCTOMIDAT AND)
TITOMOBRYTDAR ) 107 34 13 13| 39 52 39 92 80 94 107 76|69 37126 77|35 75 55 341112 126 171 4o
SUINTHURIDAR 53 28 41 421111 39 53 38 96 60 129 113 91 57 55 57|24 18 29 131153 78 135 84
TOPAL INSECTA 7 13 12 612 10 27 15{ 36 16 L4t 25|41 39 42 570136 16 44 28125 12 27 2610 8 7 3| 46 34 31 15

(LBSS COLLZ/BOLA

MEAN/SAMPLE 6l 76,4 128.9 180.0 12347 161.8 509 16144




the maximum numbers of arthwropods from the scil, Only by careful
examination of the reactions of seil arthropods to these chanzges, can
optimum extraction regimes be devised for all conditions.

Comparisons of emergence patterns for major groups of soil art
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ions of indivilnel species ox groups of speciss 1o the
changes in temperature and humidity in %he soil sample &uring the
extraction process, The overall impression from the results in the present
investigation is that most major zrouns respond similarly to changes _.

in the temperature of the soil sample if the change in temperature is
great enough to elicit such a response, Conversely, too rapid = change

in temperature prevents arthropods from leaving the soil sample, either

by inducing a form of heat paralysis or by causing the relative humidity
within the soil sample to fall to below the lethal 1limit or by causing

the formation of a piysiesl barrier | of condensed water on the lower soil
surfzces, Vannier (1970b) made no atiempt to cool the lower surfaces

of the soil samples in his app-ratus ani found that no further grthropods/

were recovered'from the soil sample when the temperature within the .
soil sample reaclhed that of the surrounding air temperazture. In nis
epparatus, this point always. corresponded to a reduction in relative
humidity bzlow the lethal limit. With an extractor employizz the .

0

principles of iacfadyen's high gradient apparatus, the effects of
increasing temperature are more easily distinguishable from those of
decreasing humidity. A temperaturé equiliorium is eventually reached
withiin the sanple petween the upper and lower surface temperatures and
during the period of increasing temserature, increased mumbers of

arthropods are recovered from the soil sample, Cnce the tempercture, and

presuvmably the evaporation rate, hzs stabilised, few arthropods are
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recovered until all the free water has evaporated fron tﬁe sample and the
relative humidity falls, Vannier (197Ch) has shown that isotémid
springtails and oribatid mites leave the sample in increasing numbers at
specific p¥ values during the desiccation of a soil sample. t is gquite
probsble that the second neak e;tréction peried which occurred for the
najority of soil arthropods groups studied, corresponded to the same
eritical points on the desiccation curve, although unlike the results
obtained by Vannier (1970b) in these experiments the inerease in the _
numbers of 21l groups extracted, occurred at the same time in each soil
sample,

From all these results tiere can bz little doudt that-both
temperature and humidity are the main factors causing arthropods to
leave soil samples during extractioﬁ by the dry-funnel process, although
it is doubtful to what extent their influence can be manipulated to increase
the extraction efficiency. For instance, would a series of temperature
increases within a soil sample that was kept moist, incresse the numbers
of arthropods recovered? Colliecting fluids such as ethyl alcohol, light
and other factors, shown to affect the numbers of arthropodslrecovered,
probably increase or decrease the amplitude of the emergence patterus
rather than determine the vimes at which the arthropods leave the soil
sanple, It is clear that although extreme temperatures in a fumel
apparatus may épeed—up the extraction they do not cause an overall

increzse in efficiency.



Section VIII,

DISCUSSION .

a) Introduction

The aims of the investigations reported in this thesis were:-
a) To compare the more important of the methods usad to assess
populations of arthropods in soils, in an attempt to determine which .

were most efficient for particular groups of arthropods and soil types.

b) To allow direct comparisons to be made between the results obtained

with different extracticn methods and to standardise methods.

Dynamic and mechanical methods both havé advantages and disadvantages
dependent upon the type'of investigation being made, the facilities
available, the particwlar groups of arthropods and soil types that are
being studied and lastly, and not unimporitant, the individual
preferences or prejudices of tne vesearch worker. Therefore, based on the
results of ny investigations, it would be impraciicable t6 make rigid ~
recommendations on the methods that should be used for particular
groups of arthropods, soil types or climatic areas. Hevertheless, the
results of the present studies indicate the broad principles that
apply to assessing arthropod populations most accurately, and do not

preclude detailed examination of any factors which might limit the
effectiveness of any particular extraction method in the circumstances

under which the investigations are to be made.

Choice of extraction nmethod

As rlacfadyen (19562a) stressed, the type of saupling system used
for any ecological investigation must be carefully planned as an

integral part of the wiole study. In terms of the arthropod faunz of the
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so0il this means that the egtracfion method used in each resecarch project
must be relevant to the requirements of tiie investigations. No one methed
can extract all soil arthropods with eéual erficiency from all types of
soll and despite recent improvements and ianovations, it is most unlikely
that any of the exiraction methods currently available will extract‘any'
group or species of arthropod from soil with complete efiiciency,

Previous comparisons between dynamiec and mechanical extraction
methods have produced contradictory results., The relative.efficiencies
of the methods compared by Evans, 1951; Iacfadyen, 1953; IHMacklin et al.,
1957 E1-Kifl, 1957; Iiller and Iiaglitsch, 1957; Satchell and Nelson,
1962; Hale, 1964; Wood, 1965 and Block, 1967, hzve differed considerably.
luch of the confusion is because each comparison was made in different
environments using apparatus that differed in detzil and on different
practicalirls o = .. IT.aTlo ol T requirements

—

b=

t is th

%
0]

soil types.

of the invesiigation that usually dictszte which type of extraction method
iSVHECeSSaIy. It is clear from my results that once the aims and objectives
of the investigation are Imown, the most apvropriate method siould be
chosen and the efficiency oi t.at me#hod checked for those particular
working conditions, either by attempting to determine the absolute
efficiency of the method or by determining its relative efficiency in
comparison with any other arnroprizte method that is available,

In many studies, more than one extraction method may be required,
particularly if ezgs, pupae or other iwmobile sfages are to be
extracted. Furthermore, 2 dynamic meti:od that is suitable for the
extraction of arthropods from wet soil may be quite unsuiteble once the
soil is dry, or vice versa. Fortunately mechanical methods extract
arthropods independent of soil noisture conditions.

The choice of extraction method can also be influenced by the nunmber
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and size of the sample units required for.the investigafion. lost workers
agree that a large number of sample units of relatively smz2ll area
provide a more accurate estimate of poﬁuiations than a small number of
sample units of large ares, particularxly if the arthropods are small
and their distribution is agg:egated. However,.if a large numbaf of sample
unibs are to be extracted, the experimenter may conclude that the
"mechanical methods are impractical, because they are extremely time
consuming and, as such, are not readily adaptable to the large scale -
replications required by modern statistical itreatments. The size of the
sample unit may also be limited by other considerations. Too large a
sample unit increases the time taken to process szaples and too small
a sample.unit may result in too many zero counts, especially if
arthropods are distributed spérsely or are very agzgregated, gaking
statistical analysis difficult. Fﬁrthermore, small sample units are
more susceptible to errors in sample area accuracy, edge effects increasing
as the sample unit area decreases. In modern dymamic extraction apparatus,
the size and number of soil sample units are predetermined by the design of
the apparatus, eveﬁ if provision was made to extract different sized sample
wnits, it would be difficult to ensure that they were all extracted with
the same efficiency. I found in my comparisons that mechanical methods
were much more versatile in these respects and allowed varying numbers and
different sized sample units to be treated with equal efficiency in the
game apparatus,

Samples for extraction by dynamic methods require to be taken-with
‘great care, lacfadyen (1953 & 1962a), Bughes (1954), Hurphy (1958a & 1962a)
and Lussenhop (1571) demonstrated that sample compression or disturbance

caused either by the sampling tool or during the transportation of the soil
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' samples to the laboratory, may greatly decrease the efficiency with

which mites and sprinstails are extracted from intact soil cores.

Rapoport and Oros (1969) showed that the type of container that soil samples
were placed in,affected the efficiency of recovery : by dynamic methods.
However, soil samples for extraction by mechanical methods, can be taken
quickly with any type of digging apparatus that will give a standard sized
‘sample; no skill or special care is required. Samples to be extracted

by mechanical methods can also be preserved in fixatives such as form%}in;
solution and will transport without deterioration. Neveitheless, if the
arthropods that are extracted are required for detailed taxonomic sfudies,
some care is required if mechanical separation methods are used. Raw (1955)
described a modification of the Salt and Hollick process, designed to
recover micro-arthropods in good physical condition, but his apparatus could
only be used with very swall sample units of mineral soil. Usually, if
arthropods are required undamaged for taxonomic purposes, most authors
agree that dynamic extrzction methods should be used, and my results

confirm this.

The relztive efficiency of dynamic methods compared with mechanical

methods

There is little information available as to the absolute efficiency
of extraction methods, but it is usually agreed that the relative
efficiency of mechanical methods as opposed to dynamic methods has been
poor on soils with much undecomposed vegetation, because this vegetation
floats and interferes with the interface between the organic liquid and
the water in the oil-water separation stage that is commonly used; also
arthropods become tzngled in the vegetation. Apart from these soils,
the relative efficiency of mechanical mathods has been considered to be
good, particularly when animals were to be extracted from heavy clay

soils. However, Satchell and Nelson (1962) suggested that the efficiency
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of flotation methods may vary according to the physical properties of the -
arthropods inde?endently of the type of soil being sampléd. My work hasg
indicated that the relative efficiency of those mechanical methods used
was particularly poor for most micro- and meso-arthropod groups on the
soils and habitats studied. Tven in arableiclay soils, where mechanical
methods are usually thought to bs supe:ior, the_best dynanic methods used
in my comparisons extracted moie of most species of arthropods. The
exceptions of thnese findings were that the onychiurid SPringtgils and to
a lesser degree the podurid springtails together with most of the larger.
insects, particularly fly larvae, were usually extracted more efficiently
by the mechanical methods.

In my studies, the relative efficiencies of dynamic and mechanical
methods were usually related to the amounts of undecomposed plant material
present in the soil, and to a certain extent, the size of the arthropods
being extracted. For example, the relative efficiency of mechanical
methods improved and occasionally exceecded that of dynamic methods on
fallow arable soil where tiasre was little undeccmposed plant litter, bpt
were much less efficient than most dynamic methods on the woodland sites,
Conversely, the relative efficiency of mechanical methods increased when
the extraction of fly larvae, root aphids, thrips or beetle larvae and
adults was considered, but mechanical methods extracted far fewer
prostigmatid mites or smintimrid ond isotomid soringtails than dynamic
methods from almost every site, There were many exceptions to these
general conclusions; for instancé the results of the comparisons made on
peat soil, especially the woodland site, showed that the flotation method
extracted significantly more of nost groups of small-sigzed arthrovods

than did the dry-funnel method. These results were thought to have been
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influenced both by the nature of the plant material; (the water-logged
fén peat did not o&ertly interfere witﬁ the oil-water separation stage),
and an unusually large number of intact well-preserved arthropod
exoskeletons remaining undecomposed in-this acidic and anaerobic soil,
The dead bodies of small arthropod animals, presefved in this way, were
indistinguishable from those of arthropods that were alive at the time
of sampling, when extracted by the flotation method. The larger arthropods,
which were more easily identified into those categories by the presence
of muscle or other soft tissues, were usually extracted more efficientiy
t
by the dry-funnel method from the fe%? The physical condition of most
arthropods, particularly the smaller, weakly-sclerotised specimens, after
extraction by the mechanical methods, was always very poor. Cbunting and
identification of these damaged and often dismembered arthropods was
extremely tedious.- This, added to the longer time spent on the separation
processes, made mecﬁanical methods very much nore laborious than dynamic
methods, | |
Mechanical methods have been generally considered to be much more
suiiablg for micio-arthropod investigations if small amounts of sample
material are extracted with care, (Raw, 1955 and Mﬁller, 1962) or if
specialised groups of arthropods are to be extracted from specific soil
types (Hale, 1964; Eealyy and Russel-Smith, 1970). Large-scale washing
and flotation programmes shiould be restricted to the examination of the
larger, more robust macro-arthropods or to the immobile stages such as
eggs or pupae, Mechanical methods involving flotation processes should
not be used for those arthropods that carry mineral particles on their
outer surfaces as do some oribatid mites and those processes involving

oil-water séparation stages are uasuitable for arithzopod groups, such as
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 some myriapods and isopods, whose cuticles are not thoroushly wetted

by the organic solvent.

The relative efficiencies of dvnamic methods

The most efficient method used in my investigations was the
zir-conditionad funnel apprratus designed by Macfadyen {1961). In this
apparatus, special provision was made for the production of stesp,
controlled gradients of temperature and humidity, by heating and drying
the upper surface of the soil sample and cooling and moistening its lower
surface. Prior to my investigations, I had assumed that the complexity.
of design, caused by incorporating these special features, was probably
unjustified. ZHowever, the complexity was amply justified by the
greatly increased numbers of most arthropod groups that the apparatus
recovered., The relatively poor and somewhat inexplicable results obtained
with the high gradient canister apparatus, which was based on the same
principles of steep vonirolled gradients of temperature and humidity, were
probably caused more by the inexperience of tﬁe oparator and -
modifications made to the orizinal design of the apparatus (ilacfadyen, 1961)
than by a failure of the principles‘of controlled gradients of temperature
and humidity outlined by liacfadyen (1953, 1955, 1961 & 1962b). However,
it must be emphasised that, by introducing controlled tenperature and
hunidity gradients and the accompanying comnlexities in desizn, mére
care. and expertise on the part of the operator is required. The increased
efficiency of controlled sradient avparatus may be drastically rsduced
if, for example, the air-circulation across the base of the soil core is
not sufficient to orevent condensation of wafer droplets winich may ninder
the escape of arthropods from the sanple,

The relative efficiencies of the other dynamic metnods that were
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compared, were seldom comparable for similar arthroppd groupslextracted
from soils in different habitats. iHowever, the Oxford infra-red extractor
and the Rothamsted Berlese/Tullgren funnels extracted many arthropod gréups
with comparablé efficiency to that of the lMacfadyen air-~conditioned funnel
apparatus on the woodland and-pasture sites, and the Furphy split—funnel
apparztus was much more efficient than other methods in extracting
some groups of mites on the fallow arable site,

In most of my investigations, the relative efficiency with which"
various groups of arthropods were extracted from soil, was increased
for those methods which incorporated increased éontrol of temparature
and humidity gradients. The simple plastic'funnel and the Réthamsted
Berlese-Tullgren funnel apparatus with no heat, tended to extract fewest
arthropods. Xowever, particularly on fallow soils, those methods in which
no provision was made for establishing a tem erature 6-adieht were
occasionally as efficient as the nore sophisticated methods for a few
artiropod grouns. The nuabsrs of arthrovods recovered by these less
complex nethods were seldom greater than the numbers recovéred by the

1

Iacfadyen air-conditioned funnels and the few exceptions are not considered

.

to invalidate the principles of agplying confrolled temperdture and
humidity gradients across soil samples to increase the efficiency of thé
extraction process.

Althougih it is impossible to separate the effects of temperature
and relative huaidity in relation to their influence on the extraction
process, emergeince patterns of arthropods under carefully controlled
temperature conditions showed two peak periods of emergence., These
vere coﬁparable with those found by Haarlgv (1947 & 1955.), and suzgested
that arthropod behaviour during the extraction process was stimulated

by increazses in tempsrature and also at some critical point of moisture~loss
y had g &
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" in the soil sample, possibly at the point when the relative hunidity of
the soil air bezins fo fall below 10CH, Support for this supposition
was provided by Vannier (15702) who foﬁnd that at constant temperatures
between 10°C and 30°C the emergence of isotomid springtails and oribatid
mites from soil increased when svecific »F values were reached. Soil
suction measuremenis (pF values) ave a particularly useful method of

expressing the moisture content of soils in this respect. These

neasurenents not only record moisture measured in terms of its availability

to soil animals, but also allow direct comparisons of moisture
availability to pe made between different soil types.

Other investizations of emergence patternsvof arthropods from soil
during the extraction process have shown different species of arthropodé
to leave the soil at different times during the extraction process
(Haarlev, 1947; Ikcfadyen, 1953 & 1961; 3Block, 1966; Brady, 1969; and

.

. o AN - . * . -
TLasebikan, 1971 a & b). Iy investigations, carried out uncer carefully

controlled temperature conditions, produced emcrgence patterns that showed

that all the major groups of soil arthropods behuved similarly. When the

'normal' temperature gradients were used no more arthropods emerged
from soil cores after the second peak period; sug:esting that moisture
availability was the critical fzctor terminating the extraction process,
When very steep temperature gradients were applied, the emergence of
arthropods from soil was restricted to a single peal extraction period,
sugesting that a lethal temperature level was reached before moisture
availapility could become a limiting factor in the extraction process.,
The greater efficiency of the air-conditioned funnel apparatus may well
derive from the production of relative humidity or moisture availability

srodients through the soil core, resulting from spraying a fine nist of

-~
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water into the air di?culaﬁing across the base of the soil cores,

Thus, temperature and humidity zradients in soil samples play an
important‘fole in the efficient extraétion of arthropods. Iy studies
indiéate that the development of éuch gradients during the extraction .
process must not de left to chance and only by careful monitoring
of the extraction process, will-oPtiﬁum gradients for recovering' maximum.
numbers of arthropods be established. If and when these can be determined
for different groupé of arthropeds in different soil tyves under various
cliﬁatic conditions it may be pOSsibie to standardise methods and allow
direct comparisons betweén the results of various workers to be made,

However, it must also be remembered that other factors also affect
the efficiency of dynemic extraction methods. Iy investigétions into the
effects of the way in whaich soil cores are placed on the funnel sieves showed
that the orientation of the intact-soil cores was even more important
than had been previously concluded by Jacot (1936); Hammer (1944) and
Mhrphy-(l958a). Significantly more arthropods ﬁere extracted from intact;
inverted soil cores than from intact samples placed upright on the funnel
sieve or from soil cores that were broken into pieces and spread évenly
on the sieve,

My work also showed that the volume of so0il placed in the sample
container of the Rothamsted Berlese-Tullgren funnel apparatus, was less
important than had been previously suggested (Murphy, 1958) although
some deeper dwelling soil arthropods such as rhodacarid mites, onychiurid
springtails and Diptera larvae, were extracted in greater numbers
from the shallower depths of soil on the sieves,

My investigations showed clearly that different collecting fluids

affected the efficiency of dynamic methods very much, Previously, emphasis
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had been directed towards finding a collectiné fluid that would not %epel
the arthronods during the extraction process (Mafadyen, 1961); for
instance in the.high—gradient‘can;ster apparatus, ethyl aicohol instead
of distilled water was showm to decreass the efficiency of the -
extraction. iowever, the efficiency of the iothamsted Serlese-Tullzgren
funnel apparatus was significantlj increased by using ethyl alcohol

or picric acid solution rather than distilled water. lost groups of
arthropods were extracted moreAefficiently vnen ethyl alcohollor picfic
acid solution was used as a collecting fluid than when distilled water
was used (except for dipterous larvae, which were alway; collected in
greatef numbers into distilled water or picric acid solution than into
ethyl aicohol). Further tests to discover why' these colieoting fluids
recovered different numbers of arthropods from soil samples were

inconclusive,.

The relative efficiency of mechanical methods

rd

The comparative efficiency of mechanicai nethods for extracting. soil
artnhropods has received even 1es§ attention than the efficiency of
dynamic methods. llost authnors measured the relative efficiency of
their mechanical apparatus either by comparing it with a dzmamic method
or by introducing knovn ﬁumbers, or marxed arthromods into the apparatus
and expressing the fraction recovered as percentage efficiency. Others
such as Heath (1945) and Feeny (1967) compared modifications of the
Salt and Hollick process with the orizinal technique as described by Salt

& Bollick (1944).

0f the four mechanical methods compared in the present studies, no
single method was outstanding or could be considered more efficient than

the rest., As with the dynamic methods tested, the relstive efficiencies
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of the four methods were not thé same for similar arthropod groups when
extracted from soils of different habitgts. The range of the variability
in respect of the relative efficiencies of mechanical methods was

similar to that of the majority of dynanic methods.

The zrease filn method; develovned by Aucamo and 2yle (1964, 1965),
was especially efficient in extracting most groups of arthropeds, except
~myriapods and woodlice, from the clay soil of the woodland site,
Onychiurid épringtails and spiders were extracted in greater numbers_by
the grease film method than by any other extraction method test;d on
the woodland site. Unfortunately, as with other mechanical methods, the
arthropods recovered by the grease film metliod were often badly damzged and
difficult to identify. The freezing of soil saiaples before processing.
was thought to have contributed to the damaged nature of the specimens

recovered,

The storare of soil samples before extraction

Storage of soil samples prior to the extraction of arthropods by
mechanical methods, would appeai to nresent few problems, However, féeezing
and thawing of soil sambles’during the storage period (Raw, 1955}, which
is helpful in breakinz down the structure of dense clay soils, may well
increase the incidence of damaged specimens recovered and could decrease
the efficiency with whichvwéakly sclerotised species are extracted.

Sample storage was considered to have much zreater inplicatiaﬁs
for the extraction of arfhr0pods by dynanic methods, Beforé ny investigations
most workers assumed that samples must not be kephlong or trausported far,
before extracting the arthropods by djnamic methods. imurp.y (1$58a) found

the numbers of mites recovered by his funnel method decreased after
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storage at ca. 4°C for 12 days. FHughes (1954) found that springtail
Annmbers-were unaffected by storage periods of 1-9 days at unspecified
tenperatures. My work indicated that the storage of cores. of grassland
s0il at a suitable temperature, in this case 500, for a period of four
weeks, had little effect upon the numbers of most arthropods recovered by the
Rothamsted Berlese/Tullgren funnel spparatus. Storage for a longer
period or at a higher temperature increased the numbers of some groups 6f
arthropods extracted b& the funnel apparatus and decreased others,

After reporting my findings on the effects of storage of soil-—“
~ samples in Paris in 1967, the effects of transport and the tyﬁes of
containers used to store soil samples before extracting them én a funﬁel
apparatus, wes further investigated by Rapownort and Oros (1969). Tﬁeir
results confirmed mine and showed that if soil éamples are to be extracted
by dymamic methods, the‘temperature of the samples before extraction
snould not be allowed to go above the normal soil teﬁperatures; Very high
or low temperatﬁres can kill arthropods and relatively small increases
in temperature may induce changes in arthropod numbers due to iﬁcreaséd -
rates of development, hatching of eggs or emergence from pupae, |
particularly if long journesys are considered.

Optimum storage temperatures for soils from different climates
and the effects of seasonal cﬁanges (the samples for the present study were
taken in mid-May), require further investigation. The results of my
investigations showed that it is feasible to store samples of soil
prior to extraction by dymamic methods, as long as the optimunm

conditions are determined and suitable storage facilities are available,

Tiethods for sw»necific asrcups of soil arthropods

Murphy (1962a) and HMacfady-n (1962a) suggest2d the most suitable
extraction methods for various groups of soil arthropods from different

soil types and habitats. Although the best all-round extraction method
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used in my studies was the iacfadyen air-conditioned funnel zpparatus,
specific groups of mites, springtzils and other afthropod fauna were
extracted more efficiently by different extraction methods from different
soils. It is possible tihat these differences reflect chanées in the
svecies composition of the aﬁthropod groups in the sites studied or the
age structure of the different populations of soil arthropods examined,
This is thought to be unlikely in the case of dynamic methods, because,

as the emergence pattern data showed, all the arthrovod groups tendqg to
be affected by the same changes of physical conditims within the soil

core during the extraction process. If taxonomioally-disﬁinct groups

of arthropods such as mites and springtails show similar behavioural
responses to the changes in témperature and humidity during the extraction
process, presumably, different species within the same taxonocmic group
would also tend to respond in the same way. Bven so, it is dangerous

to generalise and the folloﬁing recommendations must be considered in respect
of the limited number of groups and species living in those soil types

examined in this study.

Acarina
The prostizmatid mites; including the Heterostigmata, were

extracted much more efficiently by dynamic methods than by mechanical
methods on all but the fallow arable sites on clay soils. ILvans (1951)
susvected that these smaller arthropods were being lost through the
final sieve of the Tadell can, this would seem an unlikely explanation
for these comparisons as the aperture size of the final sieve was 0,12 mm, .
My comparisons showed that the mechanical extraction methods so seriously
underestimated the pumbers of prostigmetid mites that they could not be

recommended for the estimation of populations of this group of arthropods
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in most situations.

Gamasid mites weré often extracted equally efficiently by both
mechanical and dynamic methodé, but mbét of the significant differences
that were observed, showed dynamic methods to be more efficient,»
presumably because these animals are very active and have no problems in
escaping from soil samples, The Oxford infra-red extractor was
particularly efficient for extracting ihodacarid mites from the woodland
and pasture sités on silt clay loam soil. TUropodid mites tended to;be.
extracted equally well dy both Jdynamic and mechahicai methods,

The astigmatid and cryptostigmatid mites were usually recovered in
greater numbers by the dynamic methods; only on the fallow ciay soils did 
mechanical methods occasionally extract more of these invertebrates. The-
increased numbers of many species of mites recovered by the flotation
method from the woodland site on fen-peat soil ére probably ancmalous,
due to the difficulties of distihguishing live from dead mites, at the

time of sampling, in those mites recovered by the flotation method,

There is little information on the most suitable extraction
methods for these arthropods (Murphy 1962a). Poor recovery of
Collembola from soil samnles by dynamic methods was reported by Forsslund
(1949) 2nd lMacfadyen (1953 and 1961). These authors compared funnel
extraction with hand-sorting of soil samples. My studies showed that most
Collembola are more efficiently extracted by the dynamic methods used than
by the mechanical methods. Sninthurid and isotomid springtails were
almost always extracted in greater numbers by dynsmic methods. Of the
few significant differences observed for the extraction of entomobryid
springtails, most favoured the dynamic methods used. However onychiurid

soringtails were almost always extracted in gzreater numbers by the
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mechanical methods and there was a tendency for podurid springtails to be
extracted better by mechanical methods. Onychiurid springtails appeared
to be the most difficult group of microarthropods to extract efficiently

by dynamic methods,

Iyrianoda

Myriapod populations have been estimated by a variety of methods.
Wignarajah (1968) and 3lower (1970) have used Tullgren funnel methods for
estimating populations of Chilopoda and Diplopoda respectively. B
Michelbacher (1939), Edwards (1955) and Edwards and Dennis (1962)
recommended the use of flotation methods rather than funnel methods for
the extraction of.Symphyla from a2ll but forest litter., Little is known
about the most suitable methods for extracting Pauropoda from soil.

The lacfadyen air-couditioned funnel ap:saratus was the most efficient
extraction method for myrizpods in these studies,. but very few of the
comparisons between the different nethods of extraction were siznificant
at the 5% level of prqbability. This was because so few individuals were
recovered from most of the soils studied. Larser soil cores, 10 cm‘id
diameter or greater, were reguired to estimate populations of these less
abundant species acéurately in most of the situations studied, Pauropodé
were always extracted in greater numbers by the dynanic methods in my
studies, but none of the differences were siznificant ( p < 0.05).
Symphylids, centipedes and millipedes were exiracted equally well by
funnel and flotation methods from most soils, élthough greater numbers of
centipedes and millipedes were recovered by flotation methods from most
woodland soils,

Despite the fict that most myriapod exoskeletons are not completely
wetted by the organic solvents used in the oil-water separation stage of
some mechanical methods (Macfadyen, 1562a), my siudies show they can be

extracted relatively efficiently by flotation mathods particulatly if a
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clean xylene-water interface is obiained (Raw, 1955). However, most
(R ]

myriapods extracted by these mechenical methods were badly deomaged during

the separation process.

Other arthronod srouns

There are many differentv arthropod groups closelj associated with
soil for at least part of their life-cycle and these arthropods differ
in size, shape, physiolozy and behaviour (Huhnelt, 1961; Kevan, 1962;
Wallwork, 1970; and Phillipson, 1971). Estimates of the populations~”
of each group of arth:opods have been made using a ﬁide variety of methods
by numerous suthors, and many grouprs require snecialised techniques.
Raw (l956b) recommended his modification of the Salt and Hollick method
for the extraction of Protura from grasslapd soil, Duffey (1962),
developéd a specialised extractor for‘spiders, Lewis (1960) used turpentiﬁe
vapour to drive thrips from soil samples, and tipulid larvae may well

be more efficiently extracted by the hot water extractor developed by

liilne et al, (1958), although Healer et al. (1270) found glycérol-water flotation
was the most efficient method for extracting fly lérvae from woodland ’
soils,

The mechanical and dynamic methods used in my studies, tended %o
extract these arthropod grouns with equal efficiency, although for most
groups the dry-fumiel methods tended to be more efficient on the sand and
peat soil types while the flotation methods were more efficient on clay soils.
The comparisons showed that woodlice were always extracted in greater
numbers by dynamic nethods than by mechanical wmethods, and flotation
methods should not be used to estimate populations of these arthropods
(Sutton, 1968), On all soil types fly laxrvae and occasionally thrips, were
extrzcried in sreater numbers by the flotation method than by the dry-funnel

method, but, as further situndies showed, fly larvae were less efficiently
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- extracted in this type ofAdry-funnel method when alcohol, instead of water,
was used as a collecting fluid. Iven so, the Macfadyen air-conditioned funnel
apparatus extracted more Coleoptera, Qiptera larvae, Hemiptera,

Thysanoptera, Psocoptera, Protura, Diplura, Araneida, Pseudoscorpionidae
(Chelonethi) and Isopoda, than most mechanical methods, although the

numbers recovered were usually feﬁ and seldom were significant differences

observed,

The effects of soil tvpe and vegetation upon the relative efficiency

of extraction methods

Most authors consider that dynamic methods for extracting arthropods
from soil azre more efficient on loose-textured soils with large air
spaces that contain appreciable amounts of decaying plant material.
Conversely, mechanical methods are thought to work best with compact clay
soils with little organic matter content. 3Between these two extremes
of soil type, a wide range of soil types occur (Simonson, 1957), and the
pioblems of separating the arthropod fauna from them differ according to
the physical characteristics of each soil type. Investigations of the-
arthropod fauna of tropical soils have been carried out using flotation
methods by Striciland (1947), Salt (1952, 1555), Belfield (1956) and
Block (1970), and Aucamp (1967) used his grease-film extractor to extract
arthropods from South African soils., Presumably the characteristics of
these soils made them more suitable for extraction by mechanical methods;
for instance, theixr structure leads to a great desl of compaction when
sanples are tallen. Mineral soil and the overlyins plant litter were
extracted separately by Hurphy (1958a), Hef (1960) and liilne (1962) using
dry-funnel extraction uethods, because these two very different materials
were considered to have different extrection characteristics. Kempson

et al. (1963) developed the infra-red extractor specifically for extracting
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arthropods from woodland litter, while Raw's (1955) nmodification of the
Salt and Hollick apparatus was desizned to extract arthropods from
hineral agricultural soils charactérised by their compact nature,

fine texture and lack of'undecomposed plant material.

My comparisons of the extraction efficiency of various methods on
the'different temperate soil-types sfudied,‘indicated that the more'
récently developed dynamic nethods for extracting arthropodé ére'muoh
more efficient on clay soils than was previously believed. Although
mechanical methods were best on clay soils, théy seldom extracted more
arthropods than the improved dynamic methods, even on clay soils with litile
organic matter content, except for a few specific groups of arthropods such
as onychiurid springtails. The relative efficiency of mechanical
methods compared with dynamic methods tended to decrease with increasing
organic matter content on clay soils, but the comparison of methods on
fen-peat showed that mechanical methods are not necessarily always 1eés
efficient than dynamic methods .on organic soils. The nature and state
of decomposition of the plant material appeared to be the most importaﬁt
factors affecting the efficiency of mechanical methods. Plant material
_ that floatéd,or with a wax cuticle, that caused interference with the
benzene-water interface or stuck to the zreased plates of the grease-film
extractor, decreased the efficiency of the mechanical methods.

The efficiency of dynamic methods on different soil types is affected
more by changes in the internal structure of the soil core, caused by
shrinkage and cracking of the soil during the dryingiprocess and the rates
of evaporation of soil water, vhich may or may not be dependant upon the
organic matter confent of the soil. Therefore, different soil types
require different extrzction temperatures and humidity regimes in order

o gchieve maximum extraction efficiency. ily results show that dynamic
¥
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methods of extraction were to be preferred for extracting most soil
arthropods on all but some heavy, compact or sticky clay soils, but only
by comparing different extraction methods on each soil-type, can the

precise effects of soil-type on extraction efficiency pe known.

Recommendations for imoroved exiracition efficiency based on Lhe

results of this work

These comparisons of dynamic and mechanical extraction methods
for soil arthropods have shown that, except for the immobile stages and
some specific groups of arthropods and soil-t&pes, the best dynamic
methods were much more efficient than thé best mechanical methods on all
the soil-?ypes tested. The dynamic methods alsc had the advantage of being
very much less laborious and quicker and recovered most arthropods in an
undamaged condition. Theoretically, mechanical methods should be more
efficient than dynamic methods, because the technical problems of
separating arthropods from soils should be less difficult to solve than the
behavioural or physiological problems associated with dynamic methods,
However, the mechanical methods uéed in these studies were seldom more
efficient than dynamic nethods, and none of fhem could be used to
collect arthropods alive., The future development of mechanical extraction
processes must concectrate on a muéh finer separétion of animpls from soil
?articles without damaging the specimens, and the process should
preferably be automated to reduce the number of man-hours involved (Belvfield,
1976). Althouzh freezing and thaving of the heavier clay soils may ensure

' ;

“the complete break up of soil sggresates, thie freezing process can also

damage animals or render them more prone to subsequent damage in the

separation process. Chemnical dispersal agents such as "Calgon" (Haw, 1955)

are to be preferred.
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Until new or improved mechanical methods are d¢veloped, there seeﬁs
little point in advocating their use for extracting the micro-arthropod
fauna for general study purposes, and their use should be restriotéd to
specific situations where it is known that,behavioural or dymanic methods
are *unsuitable., This does not imply that dynamic.methods are an easy
altern~tive to mechaniczl m:thdds for extracting arthropods from soil;
dynamic‘methods are particularly subject to misﬁse and only by strict
adherence to the principles underlying the success of modern dry-funnel
exbractors can efficient extraction of arthiopods be obtained, The -

“introduction of controlled temperature and humidity gradients within the
g8oil cores requires a much more detziled approach to the design of apparétus,
and ideélly such apparatus should incorporate continuous temnperature and
humidity measuring devices to ensure that optimum conditions are
maintained throughout the extraction period. Turther improvements may
be possible with the introduction of controlled humidity systems, but oare
must be taken to ensure that sufficient air-circwlation is maintained to
prevent condensation of water dvoplets from decreasing the efficiency of
the apparatus. With dynamic methods, the steep gradients of temperétﬁre
and humidity, produced by heating and dryins the upper surface of the
sample and actively cooling and moistening the lower surface, as
advocated by Macfadyen, were amply justified by the large increases in the
numbexr of arthropods extracted from the soil samples. The manipulation
of these gradients and the timing of their applicztion seems to be the most
promising ares for the development of more efficient dynamic extraction methods.
The optimun gradients of temperature and moisture differ with site, soil

type, climate and the particular arthropods being studied, iiacfadyen (1968)

has shown that the temperature gradients that can be produced, depend to a
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considerable extent upon the thermal propertiesvof a particular type of soil,
so this may be an important fzctor limiting the efficiency of extraction
methods that utilise the behavioural reactions of arthropods to extract
them from soil,

Many factors affect the efficiency of dymamic extraction mathods,
and each stage in the process, froa the time the soil sanples are taken
in the field, to the counting of the numbers of.arthropods éxtracted
can affect the results of any investigation of soil arthropod populations.
Singly, these effects may be more or less important, but the combined effects
of such factors as compression of the sample matérial, soil core orientation
on the fumnel sieve and the type pf collecting fluid used, together with
the avplication of different teﬁperature and humidity regimes, produce large

differences in the numbers of arthropods extracted,
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GEIZRAL,  CCHOLUSICHS

1)

3)

4)

5)

6)

7)

From 2 postal survey by questionaire, of one hundred and fifty soil
biologists, seventy percent used some form of 3erlese-Tullgren funnel
apparatus to estimate populations-qf soil arthropods and twenty

six percent used some form of flotation method,

Of +the eleven methods for extracting arthropods from soil comparesd
in this stﬁdy, the best was the Iacfadyen air-conditioned funnel
apparatus, _ -

A typicel Berlese-Tullzren funnel apparatus extracted more of most
species of arthropods from soil than the Salt and Hollick wet-sieving
aﬁd flotation apparatus fer nearly all tynes of soil tested,
lechanical nethods for extracting arthropods from soil, seriously
underestinated populations of prostismatid mites and isotomid

and sninthurid springtails in woodland and grassland soils and
oooasionaily wderestinated populations of these arthronods in
fallow arable soils.

The relative efficiency of mechanical methods was occasionally
greater than that of dynamic or behavioural methods when some
speoies of arthropods were extracted from soils containing little or
no undeconposed plant naterial, particularly clay soils‘under fallow
or arable crops.

Mechanical methods usually extracted greater numbers of onychiurid
springztails than dynamic methods, occaslonally, mechanical nethods
also extracted more podurid and entomobryid sprinstails and larger
insects such as Ily 1arvae, beetles, rootv arhids and thrips.
ilechanical methods for extracting arihiropods from soil were more

lavorious and time-consuming; than dynanic methods and often recovered.
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arthropods in a damaged condition; Ireezing soil cores pfior to
extraction by mechanical methods contributed to this damage,

8) It was aifficult to distinguish arthropods that were alive at the
time of sampling from those that were dead when arthrovods were
extracted by mechanical methods,.

9) The efficiency of dynznic methods for extracting arthropods from soil
increased with the introduction of controlled temperature and
hunidity gradients. N

10} The efficiency of dynsmic methods increased when soil samples were
placed intact and in an inverted p§sition on the fumnel sieve,
compgred with similar samples placed in an upright position or
fragmented,

11) Onychiurid springtails and fly larvae vere usually extrected nore
efficiently by dynemic methods from fragmented or intact lajers of
s0il, 1 -~ 2 cm degp in the sieve container, than from 5 cn or deeper
layers of intact or frasmented soil, The depth o: sample nmaterial
either did not affect the efficiency of extraction of other arthropods
oxr grzater numbers were extracted from the deeper layers of soil.

12) The relative efficiency of dynamic methods was not significantly
different for soil cores of 5'cm, 10 cm and 12.5 cn diameters.

15) EHeat without lisnht extracted fewer soil arthropods than heat and
light combined in a modified airz~conditioned funnel apparatus.

14} The efficiency of Rothamsted Berlese-Tullgren funnels was adversely
affected when distilled water was used as a collectinzg fluid rather
than alcohol or picric acid solutions,

15) Divtera larvae were extracted in significantly sreater numbers from
s0il cores waen distilled water was used as the collecting fluid in the

Rothansted Berlese-Tullsren apparatus rather than alcohol,
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17)

18)

19)

20)

21)

22)

23)
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The efficiency of the Macfadyen ﬁigh—gradient canister apparatus
markedly decreased when alcohol was used as the collecting fluid
instead of water,

Greater extraction efficiency was not achieved for most soil-arthropods
if soil cores extracted by a dry—funnellmethod were svosequently
processed with a flotation method,.

An automatic, continuous-collecting method was devised to record the
emergence patterns of arthropods from soil cores in a 3erlese-~Tullgren
funnel apparatus.

1lost species of soil artlropods emerged from soil cores in two peak
periods, probably associated with critical increases in soil
temperatures and decreases in moisture availability.

Temperature gradients within soil cores affected the patierns of
enmergence of most species of arthropods and different species of
arthropods had similar patterns of emergence under the same temperature
regimes,

Optimum tempercture and humidity gradients for extracting soil-
arthropods varied with different soil types and clinmates,
Ihnipulation’of temperature and hunidity gradients during the extraction
process should increase the efficiency of dynamic or behavioural
nethods for extracting arthropods from soil,

S0il cores from grassland couwld be stored at SOC for up to four weeks
before extraction in Berlese-Tullsren funnels without significantly
affecting the numbers of arthrovods extracted, After this time

or when stored at higher temperatures, the numbers of some species were
considerably increascd, wiereas those of others decreased, probably due

to nredation.
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' 24) TFor soil-arthropod investigations that require accuraie estimations
of povulations of many diffsrent species of arthropods, the most
broadly applicable extraction method is one incorporating the

design features of the lMacfadyen air-conditicned funnel apparatus.
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