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I INTRODUCTION

The micro-arthropod fauna of British uplands has received
scant attention from zoologists. This thesis contributes
towards filling this gaep in our kﬁowledge by providing
information on the Acarina or mites of a restricted area in
the northern Pennines, namely the Moor House Nature Reserve
in Westmorlend. | . |

It was decided to investigate the role of Acarina on this
erea for three main reasons. Firstly; spart from casual |
collections, very little ia;known of the mite_fauna_of upland
soils. Secondly; it was hbped that the relative paucity of
species associated‘with such an area would simplify the.
relﬁtionships studied. Thirdly; ﬁecaﬁsg such a study would
£111 a gep, snd derive muchlinformation from, the more compre-
hensive study of the fauna Of the Nature Reserve (see Cragg,
1961), ; . -

The work was executed almost entirely as a field survey,
and sampling was carried out between January 1961 and
December 1962 inclusive. '

The class Arachnida of the phylum Arthropoda is divided
into sixteen subclasses, one of which is the Acarina. This
is undoubtedly the most hetérogeneoué subclass of the
Arachnida. Members of the Acarina have‘a‘félse head or

capitulum set apart from the rest of the body, which carries
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the mouth parts. External segmentation is reduced or absent. .

The larval stage 18 normally hexapod, whilst the nymphél
and adult stages afe octopod. The Acarina are terrestrial
. or aquatic, and are unique:amongst the Arachnida in including
plant-eating forms. They afe cosmopblitan in 4distribution,
and have a long fossil history commencing in tﬁe‘Devonian.

A detailed classification of the Acarina is given in
Section 1V, PFree-living mites.afe_found in ail groups'of-
the Acarina, with the exception of the Metﬁstigmaté or Ticks,

which are ectoparasitic. Free-living terrestrial mites occur

in a great variety of habiﬁats, but thej are especially
numerous in situations where organis detritus is abundant.
The present study is a survey of the free-living Acerina in
moorland soils of the Moor House Nature Reserve; with special
emphasis on the Cryptostigmata (Oribatei) group.

Extremely high densities of Arthropoda are found in the
surface strata of soils, and in the overlying layers of moist
decaying.organic debris. Almost without:exéeption; the
Acarina are the most abundent snimals in these'cémmunities,
both in respect of number of species and numbers of 1nd1vi-
dgals. Saprophagous and mycetophagous mites may well prove
to be of great value in the maintensnce of soil fertility, |
by the release of plant nutrients and assisting in the

processes of orgenic decay.
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Early work on terrestrial Acarina includes studies by

Bornebusch'(l936); Baweja (1939), and Ford (1935, 1937 and
1938), More recent publications include those of Forsslund
(19L5), weis-Fogh (1948), %an der Drift (1950), belaney
(1956), Evans (1951, 1955, 1961), Macfadyen (1952), Murphy
(1953, 1955), Sheals (1956, 1957), Haarlgv (1960), Dhillon
end Gibeon (1962), snd Davie (1963). Thise literature on
soil faunas deals almost exclusively with.hineral soils;
and is of interest frdmlthe point of view of comparisdn with
the fauna of peat soils. » | | | o

Information on the Acarina of peat soils, with the single
excepticn of the paper by Macfadyen (1952)5~occurs only 1#
the continental literature of Dalenius (1950, 1960),
Karppinen (1958), and Tarrés-Wanlberg (1961). Data is |
included here on the Acarina of the mull soil of the Lime-
stone Grassland and the peat -80il of the Callggg moor on the
Moor House Reserve.

Records of the Acarina fauna of northern Eﬂgland exist
in the publications of Michael (1883, 1887), Hull (191&, 1916,
1918, 1925), and Seyd (1962) These deal with both the
taxonomy snd the ecology of the species recbrded."

In this thesis botenical nomenclature follows Clépham,
Tutin and Warburg (1952) for higher planté} Watson (1953)
for lichens; and Watéon (1955) for moéses. Pedoloéical terms

-are those used by Johnson and Dunham (1963).




L.
IT THE STUDY AREA

a) Location snd ngsioggagﬁg'z

The Moor House National Nature Reserve, N.R. 80, in the
northern Pennines is situated 11 miles (17.6 km.) south of
Alston, and 12 miles (14,2 km.) east of Penrith, Cumberland.
The Reserve lies in Westmorland, with the National Grid
Reference: 35/758329. | _.

The greater part of the Reserve's 10,000 acres (h 000
hectares) is over 1,800 £t.0.D. (549 m.). It includes the
western scarp and eastern qip slopes of fells which are
typical of the northern Pennines. The fells reach their
highest point on Cross Fell (2,930 £t.; 893 m.), which lies
Jjust north of the Reserve boundary. Great Dun Fell (2, 780
ft.; 845 m.), Little Dun Fell (2,761 £t.; 842 m.) ana Knock |
Fell (2,604 £t.; 794 m.) lie within the Reserve.
| The entire erea is heavily‘dissected,bj streams, which
feed the River Eden to the west, and_"th.e River Tees and its
main tributaries, Troutbeck, Moss Burn and Feree.Burn to the
easts Fig. 1., is a map of the Nature Reserve with the sample
sites 1ndicated, which are referred to below, |

The whole area 1a3 covered by blanket bog, and 15 part
of a typical Grousemoor which is grazed by sheep throughout
the summer. The Reserve supports about one sheep per acre

at the present time, General de;criptions of the Reserve




Mep of the Moor House National Nature Reserve, Westmorland.
The sample sites ere indicated by numbers on the map, and a

key is provided. Scale 1:25000,
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are given by Conway'(l955);‘Nicholson (1957), and Cragg
(1961). | “

b) Pedology : -
| Thé Cartoniferous Yoredale Series consisting of sﬁccessi#e
strata of sandstpnes? shales anduiimestones form the bed rbcks
underlying the Reserve (see Dunham, 1948; thnson and Dunham,
1963). These rocks are covgre&,by glacial drift, boulder
clays end solifluxion produits over'th§ greater pa:t of the
study area. Mineiél soils are confined-to the fell tops,
limestone and sandstone outcropé, and stream sidég;

The soils of the Reserve_belong to several majdr'sbii
divisions including gleys,'podzols,‘brown earths ahd,organic :
solls together with skeletal soils of different fjpee. The
- high rainfall (average 76 in.; 194 mm. per aﬁnum)_and the low
average temperature (55°F; 12.8°C in summer; and 29°F; ~1.7°C
in winter) favours the formation of peat. Weathering of
parent rock and the production of a séil pérent'material is
relativély-fast under these extreme climatic conditions, but
the formation of a soil profile requiring both chemicsl end
biotic factors is slow, because of the low average temperature.'
Immature snd skeletal soils are thus formed at Moor House.

~ Johnson and Dunham (1963) classify the Moor House soils
broadly into six groups @ " _ _
l. Gley s0ils : --Developéd undér wateflogged conditions,

grey or greenish in colour and often with secondary ochreous




. : 6.
mottling in the mineral horizons} e. go Hiddle Tongue on

the western escarpment.

2, Podeol group ¢ « %Well drained soile with strongly
differentiated mineral horizons, The B horizon 1£ these
soils is uniformly coloured} €.gs. The Pell top pedzol on
Grest Dun Fell summit. .

3+ Brown Egrth gvoup ! = Well drained soils in which the
horizons merge into one another, and with a uniformly
coloured B horizon; €.g+ Rough Sike enclosure, and House
 Pleld. ;

4o Organic soiis : - These are fovied under waterlogged
conditions on strongly gleyed mineral solls., Peat deposiis
over 1 ft. (30.5 cn.) were.mapped as organic soils by Johnson
and Dunhem, Two'types of orgdnic scils occur on the Reserve @

(1) Blanket peat is developed on convex clopes and '
level grcund dependent upon acldity, low summer tempersasture
and waterlogging of the ground surface. Thie is the major
soil type of the Reserve, éveraging 6=7 Pto (1.8-2.1 m.) in
thicknese with a maximum of 13 £t. (4.0 m.) on level ground;
e.gs Dodgen Pot, and Bog Hill,

(11) Concave relief gives rise to basin peat deposits
with the aid of ground water; e.g. Upper ?alley Boé containg
up t0 29.5 £t. (9 m.) of fen and bog peste |

5. Skeletal soils : « Thin sojls derived from physieaily




I
weathered materiallwhose cyeﬁacter depends upon the parenﬁ
rock. In some localities,ie.g. the area-east of Knock Fell _
sﬁmmit, the parent rock is a scree of sandspone, limestone
or mixed rocks on a steep elope,.} | |

.6e Soil Complexes : - Areas where changes of soil type
take place rapidly and repeatedly due to relief and erosion,
The constituents include skeletal,'cplluvial and alluvial
soils, e.é.'the eboded blaﬁket peat soil complex of Moss
Flats, and the stream sideisoils along Rough Sike.

¢) Vegetation : | | _ |

A general account of moorland ‘and bog vegetation is
given by Pearsall (1950). ?he Resarve was included by
Lewis (;90&) in a botanicalgsurvey of the"northefn Pennines.
The area can be divide& into four main vegetation types, .
which tend to merge into one another. |

l. High fell slopes from:whlch the peat deposits have been
completely_eroded. These'afeas are covered by an arctic er
sﬁb-arctic Vegetation of mosses, lichens, grasses and B
Vaccinium, €+ge Great Dun Fell.. _ |

2. The bulk of the Reserve is covered by blanket peat up
to 9 ft. (3 m.) in depth. This can be divided into two main
types:~ . | ; i

'a)' Areas of peat erosion, characterised b&-exteneive

peat hags with Calluna, Cladonja, Eriophorum sngustifolium




8.
and E., vaginatum, e.g. Mosé Flats. _ |
b) Areas of actively growing bog, characterised by
Sphagnum and Eriophorum vaginatum, and a reduction in thei
émount of Calluna; €.g. Uppgr'Valléy‘Bégo |
3. Areas of shallow peat-at the edge of the moor where
Juncus squarrosus 1is dominant, and Festuca.gxggg and Agrostis
lenuis occur; €.g. Dodgen Pot uncus site.

Le Areas with a mineral soil on rock outcrops (eege

Limestone grassland site) and alluvial terraces (e.g. Nardus
site). Grasses and mosses form the dominant_Vegetation, '
except on the limestone outcroﬁs where a rich calcicqle-‘
flora develops. | |

A detailed description of the vegetatlon of the sample
sites is given below in Section III. '

d) Climate : o

(i) General :-'Manley (1952) haé déseribed the climate
" of Moor House as being sub-arctic, corresponding to fhat at
- sea~level in southern'Icelahd. The climate is characteri-
stically cold and wet. Pearsall (1950) has shown that it is .
typical of the montane zone-of_dreat Britain. Regular
meteorological'daté has beeh_collected since 1952, when a
weather station was established on the Reserve at sn altitude
of 1,840 ft. O0.D. (561 m.).

Purther information on the climate of Moor House exists
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~in the literature (Manley, 1936, 19&3;.Green 1958, 1959).

'Records of the meteonolcgiéal observations for Greet Dun
Fell (2,780 ft. O.D.; 845 m.) are available in Menley
(1i942). Teble 1 summarises the general climatic data for
1951 and 1962 for comparis&n_ﬁith the mean values for 1953~
62 snd the estimated mesn for 1906-35 given by lanley (1943).

(ii) Precipitation and Bvaporation t= In Britain an
annual rainfall of 50-55 inchea (127-140 cm,.), adout three

..times the evaporation figure, provides favourable conditions

for bog formation snd growth (Pearsall, 1950). Moor House
has an annual rainfall of over 70 inches (178 cm.), see

Table 1, and good conditions for bog gfowth._ The potential
evaporation at Moor House has been meagured by én evapo-

transpirometer or percolation gauge from 1957 onwards,

" Teble 2 shows the precipitation, potential evaporation and

B/E ratios during the period 1961 and 1962” which can be
compared to the last 10 years® (1953-62) data in Table 1.
The rainfall in both the study years (78.4 inches in
1961 and 77.0 inches in 1962) was in excess of the~meén for |
the last 10 years (74.8 inches). The potential evaporation
(15.6- inches in 1961, and 15.3 inches in 1962) is low
coﬁpared with the 7 year mean of 17.2 inches shown in Teble
1, The wettest month was Januery with rainfsll of 10.1
inches in 1961 and 15.8 inches in 1962, snd the driest
. month was June with rainfall of 3.3 inches in 1961 and




Table 1. Summary of the meteorological data for Moor House, 1906-35, 1953-62, 1961-62.

Mgglgx‘a
JTen year estimated
mean mean
161 1962 150 1008
Annual rainfall (inches) ' 78.4 77.0 4.8 70.0
Number of days on which rain fell 241 251 2L5 -
Potential eveaporation (inches) ' : 15.6 15.3 17.2 -
- e (1957-62)
Mean maximum daily temperature (°F) L7.5 45.5 L7.5 L6.9
- Mean minimum daily tempersture (°F) ' ) 36.4 33.9 355 3l.1
Mean daily temperature ( F) 4l.9 39.7 ,“_h039,h_ﬂw 41,5
.Lowest grass minimum temperature ( F) 5.0 1.0 1.0 ' -
Snow cover (days) o 55 79 58 80
Ground frost (days) - 153 . 205 . 162 -
Average daily eunéhine-(hours) : 2.8 2.9 -3.2 -
Average relative humidity at 0900 hra' . - |
_ GeMoTo (%) . 89.8 89.9  .88.9 -
Average earth temperature st 1ft. at 0900 hr. R I
G M T. ( F) Ll-}o’-& hlog Ll-h'oo . -

Data for 1961, 1962 and the period 1953-62 from the Meteorological Summaries for
Moor House. ' '

Estimated mean for 1906-35 given by Manley (1943) was based on 10 year's records

.Ot

and comparisons with lowland stations at Newton Rigg and Durham.




Table 2. Monthly precipitation, potential evaporation and R/E ratios (1nches)
. for Moor House, 1961 and 1962

 Yonth 1961 o B 1962 |
- 'PreC1pitation '-igigggztggn' Riéfo ~Precipitation :%zggﬁgégén R§{§0'
Jen. 10.1 (1.05 . 10,1 i5.8 (0.2) 78.0
"Feb., = - 6.7 (0.5) : 13.ﬁ 5.6 (0.6) 9.3
Mar. - 49 - (261) B 2.3 | 2.3 (1.0) 243
April 4e6 1.5 . 3.1 7.3 (1.5) 4.9
May 5.5 2.5 1 5.k 2.5 2
‘June’ 3.3 2.2 1.5 3. -0 - (29 ¢ - - Tl
July 7.6 . . 2.2 3ol k5 (2.0) S 2,2
Aug; 8.7  _' | 1.5 5.8 10,9 1.8 6.0
Sept. 5.1 15 - 3.4 69 1.0 6.9
Oct. 1.4 - (0.5) - 22.8 ' 3.6 . ' 069 " ' u}o 
Kove | ' 6.2 o - (=0.2) - 31.0 f- 4.0 _ 6.6 o . 6.7
Dec. 6.1 (0.3) . 20,3 7.5 03 . . 25.0
Year | 784 15.6 5.0 77.0 153 . 5.0

(. ) : Brackets indicate that the records are incomplete for the whole month.

Datea from the Meteorological Summaries for Moor House, 1961 and 1962.

T

[ R o
H



v. 3.1 inches in 1962 during the study neriod. The potential
evaporation was greatest in June 1961 and 1962 with values

of 2.2 and 2.9 inches respectively. The monthly evaporation
figures 4id not exceed the monthly preclpitation flgurea at

any time during the two—yeqr study.

(1ii) Relative Humidity :- High values of relative humidity
were recorded at Moor House as é;pected froﬁ the precipiiation
lfigures in Table 2. The annual avérage rélafive humidity at
Moor House was 89 per cent for both the years of study, and
for the last ten years (see Table 2); compared with the

annual sverage at sea=level of 80 pef cent according to
Manley (1952). Since these vaiues were measufed'at 0900 hr.
"G.M.T. at Moor House, they are of little biological
significance. | | |
(iv) Temﬁerature:— The mbnthly mean maximum and minimum
air tempergtures.for Moor House during 1961 and 1962 are |
shown in Fig. 2, with the growing period for plants 1nd1cat¢d |
(temperature above a mean daily value of'h2°F'§.5.é°C).

It has been observed (Manley, 1952) that the growth of
pPlants begins and continueéiﬁhenever“the.mean temperature |
exceeds approximately h2°F.-(ﬁ'5_6°C)'in weétern Eurdpe as
a whole. A mesn daily temperature of L42°F (:'5.6°C),ensures
that the night minimum'rema;ns ébovg fréeziﬁgipoiht (32°F:
0°C), and growth of plants is>pgcmoted. At Moor House the |

average growing season (see Fig. 2) extended from. the




Pig. 2
Monthly mean maximum and minimum air temperatures (screén)'
at Moor House fof 1961 and 1965."The data are taken frbm the
Moor House lieteorologicel Summaries fér 1961 and 1962; éhe
length of the plant growing season is indicated (air téﬁpera-.

ture above a mean deily value of'h2°F‘: 5.6°C. )




MONTHLY MEAN MAXIMUM AND MINIMUM TEMPERATURES AT MOORHOUSE
Fig.2.

60




13.
beginning of Aﬁr&l to the end of Qctober'in 1961, and from |
- the end of April to ihe end of October-in 1962; |

The coldest months in ‘1961 were January and December B
with meen air temperatures of 29.9° P (: -1.2°C), and 29.1 °p.
(: =1.6°C) respectively. In 1962, March was the coldest
month with a mean air temperature of 27.5°F (: = 2 5 C)

The highest mean air tempetatures were-recorded in September
- and August ‘in 1961 end 1962 respectively : 51.7°F (:r10.9°C) |
and 49.5°F (: 9.7°C). .The:annﬁel range of monthly means of

air temperature is therefore 22°F.
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III THE SAMPLE SITES |
Sample sites charactefistic of distinctive vegetative
andé soll types were selecté@ for study. Six sites were
chosen at Moor House;'raﬁglng from miﬁeral séil to ﬁhe organic
soil of the blanket peat. v |
a) Habitat Pactors: -
1. Soil Profile:- Profiles for each of the five sample
sites are given in Appendix 1I.
2. Chemical Characteristics:- The main chemical
features of the zample sltes are shown in Table L.
Table i, Chemical characteristlcs of the loor House sample

sites. (Prom Banage, 1960; following Pearsall 1950).

Limestone Nardus | Juncus Mixed Erosion

Index Grassland Grassland sguarrosus Calluna . Area
: : moor DOOT - (Bare peat)
pH ‘5.8’500 5-!0”4-98 24-7-11.14' 5.0""4.)4 , )406-)-!-.3
'. Percentage h

Orgallic 3.2"7.“ 705'16.3 27.0-30.0 3009"35-1 35 .9-3803
Carbon » . :

- Percentage ' .
Nitrogen O.4L4-0.98 0.45-0. 98 2.05-2,31 2 02-2 38 1.12=1.33
G/N Ratio . 6-8 14-18 12-15 1417 28-34
Soil Mois- , . v o

ture (Index <l1l.6 1.8 <7.0 €10.0 = «<¢7.0

of Humidity) |
‘The Carbon/Nitrogen ratio of the Nardus grassland and the

' uncus moor are not markedly different. Takihg into con-
sideration the very much lower organic content of qgrdu
grassland, Cragg (1961) has placed the sites in the following
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order of biological activity:

Limestone < Nardus Juncus . Mixed Bsre Peat

Grassland Grasslan BQUErrosus Calluna:> of

moor moor Erosion.Area

3. Water Content of Soils:= Crump (1913) stated that
the 'Reletive Humidity' of peat soils depends upon the
humus content, and used the ratio water/humus as a measure
of this factor. This ratio was.used also by Pearsall (1950)
for peat soils. Banage (1960).proposed the use of the term

'Index of Humidity' for the ratio water/dry weight of soil.
.The dry weight of peat soil is not equivalent to the humus
content and thése ratios age not strictlyAcoﬁparable; In
the present study the soil yater content of the peat and.
mineral soils is expressed as 'Index of Humidity' ofiBanage
(1960). The Index of Humidity gave & good picture of the
water stﬁtus of the Moor House soils,'whén used in con-
junction with pH to fit the sample sites into the classi-
ficztion of upland.solls proposed by Pearsall (1950).

N.B. An Index o Humidity of 1 is_equivalent'td 50
per ceént soll water conteht; of 2 to 67 per cent watef con=-
tent, and 3 to 75 per cent water content, etc. -

Measurements of soil water content were made on all
sample units collected during the stuqy period 1961-62,

The 15 sample units from each sample site were weighed in
bulk before the extraction of the Acarina to obtain the wet

weighte After extraction, the 15 sample units were air-dried
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at a temperature of 1.05°C., and reweighed to a constant

weight. The soil water‘coﬁtent data for the five sample
sites ét Moor House are giyén in Tables 5, 6, 7, 8 and 9.
The minersal soils are relatively well drained, but the or-
ganic peats are subject to waterlogging, and becsuse of this
few micro-arthropods are fdund below 3 cm. depth in the
latter soils. The ofganic'soils are better drained on the
erogion area studied, és is shown in Teble 9. »ﬁneroded
moor has a greater water»stbrage capacity per unit surface
area than an eroded catchment area. Data on this subject
from Moor House has been given in Conway and Miller (1960).
b) Limestoné Grassland Saﬁple Site:

Situated close to the Moor House Field Station at 1850
ft. (564 m.) between Rough Sike and Moss Burn (see ?ig. 1.),
the site has a Brown Larth soil type. The soil depth
rarely exceeds 50 cm. and has a bedrock of the Tyne ﬁottom
Li;r-.;stone., and has a high pH of 5.0-5.8 by moorland standerds -
(see Teble 4.). The site is on a north-west facing slope with
good drainage. As a result, the soil is well aerated,.both
earthworms and moles being present, and arthropods may be

‘found thrdughout the soil profile. The site is a typical

Festuca-Agrostis upland graséland'(Pearsall, 1950), and is
subjected to heavy grazing by sheep during the summer monthe.
Flate 1 is =& geﬁeral view of the areas The vegetation=

humus mat is approximately 3 cm. thick, and during sampling




~ Plate 1. ‘ , N
The Limestone grassland site. - Ii‘I‘_he ‘iiew is locking'".west yqith_
Moss Burn situated to the right. Scale x 1/30.
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Table 5. Soil water content of samples from Limestone
Grasslend. The figures are indices of humidity
and are the means of 15 sample units per sample

date. | | _
Date o ' 0=3 cm, " ' : .596'cm. -
16.1.61. - 1.8 1.0
13.2.61. 1.3 ) 0.9
13.3.61. | 1.7 © 0.6
10.4.61e 1.6 1.0
B.5.61, 17 - 1.1
5.6.61, . 0.6 . | . 045
16.7.61. 1.4 - : 049
28.8.61. 1. . 1.0
25.9.61. oL 1.0
23.10.61. - 1.9 | 1.2
22.11.61, - 1.7 . 1a
11.12.61. w1
" 15.1.62. 2.1 : =
13.2.62. 1.3 | 1.1
- 203462, - 2.1 _ | N
3.4.62. ' 1.7 | S 1
305:62s 1.1 _ _ E 0.8 -
46462, 1.0 7 0.8
3.7.62. 1. L1
708:62. . 1.8 14
1e9462. . 1.5 | | 1.0
3.10.62. 2.0 T 1a
12,11.62., 1.9 . T aa

6.12.620 - 1.1 - _. o 1.1
| ) . " ’
% indicates ground frozen below 3 cm. depth.
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Table 6. Soil water content of samples from Mixed moor.
‘ The figures are indices of humidity and are the

- means of 15 sample units per sample date,

Date _~' b-} Cllo : : §b6 (+11119
23.1.61. | B BN . T
202,61, © 9,2 .=

. 18.3.61. 6.5 , -
 18.4.61. 8.3 : S -
1545461, Y Y . -
'5.6.61. 5.7 o -
16.7.61. | 8.9 . . -
28.8.61. | . 745 B . -
25.9.61, - 9el4 - | -
 23,10.61. 9.3 . ' SUURTP
- 22,11,61., o 7a T e
11.12.61, 89 -
15.1.62. _ okt o . -
. 13.2.62. 6.8 | 8.9
20.3.62, . 6.2 - . .
34062, 9.8 8.8
3.5.624 . TS B | -
" 4e6.62. 8.6 10,0
' 3.7.62. 9.7 o Lo e
" 7.8.62, - 1. . Bul
" 1.9.62. | 9.5 o -
3.10.62. = L2 TS
12.11.62. 9.2° . | -

. " 6.12.62. . 1ks o %

- indicates that no samples were taken.




Table 7.

' Date

20.2.61.
15.5.61.,
28.8.61.
11.12,61,

Table 8.

Date
30.1.62.
3.5.62.
- 3.7462.
3.10.62.

Soil water content of samples from Juncus
sguégrosus moor. . The Pigures are indices of
humidity and are the means of 15 sample units per

sample date,

'6- Cle - 3-6_cm,

545 A -
6.6 o -

;]-5 : -

indicates thst no samples were taken. -

_Soil water contenﬁ of samples from Nardus stricte

grassland. The figures are indices of humidity

and are the means of 15 sample units. per sample

date. o
-Q—§ Cle - 3-6 _cm,
4.0 . 1.5
2.4 ' - © 2e1
| ]!.68 . L 103

2-7 ' i | lllo’-" '




Table_9.

_Dgte,5

27.2.61.
29.5.61.
'509.610

4.12.61.

Soil water content 6f'5amp1es frbmthabitata on

the erosion area of Moss Flats.

‘The figures are 1ndices of hnmidity and are the
means of 15 aample units each 3 om. 1n depth,

except for Erioghorum vag;gatum_where_the figures -

ere the means of 8'samp1e units.

'Hummock L Epio horum Egibghoggg'
.. top Hag 1lip - anggg&!?olium‘ vaginatum

3.6 _ 245 t:: | uon >_ _399
1.0 1a 3.6 B B
3.3 1.7 be3 3.3

30“_ .?__ '209 :'1 | 5-7 o 8;2




this is'separatgd from the soil proper. The'yegetation of
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the Limestone Grassland sifé is as follows (Eddy, 1962} DErs.

comm.)

Dominent.

Abundant .

Others .

FFestuca ovina

Agrostis tenuis

Agrostis{éanina -
Thymus drucei
Polxtricnum comﬁune
Potentilla regéns |

Selégineila selaginoides

Anthoxsnthum gdbratum:
Galiun hércygicum
ggghrasié confusa
Rumex acetosells
Duzﬁla caégestris
Achillealmillefoliuﬁ
Carex caryophylla
Veronica bfﬂicinalis
Cirsium érvense

Cerastium;vulgatum-

fCagdamihegpratensev

Prunella vulgerig
Viola riviniana
Viola lutea

Alchemilla vestita .
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Mosses Rhacomitrium lanqginosgg |
Mnium unduletum |
Inieg punctatum |
A rich bryophyte.flqra;is presenf around the protruding
limestone boulders on the‘site,'but these species are not |
 included in the above list. (see Plate 2).
As might be expected.thcré was greater‘fluctuation in
_ the soil water content in the upper 3 cm. layer of soil
during the two year study period (1.11,;0.6&-2.115),» than in
the lower L4-6 cm. layer (I.ﬁ.:O.Sl-l;l?). The driest soil
samples were taken on S'Juné 1961 end 4 June 1962§;ahd the
wettest on 11 December 19615and 15 January 1962 (eee Table
5)e - |
c) Mixed Calluna Zoor, sgggle‘sig

The area of mixed Calluna moor selected for study was
situated to the north-weat of Great Dodgen Pot S8ike, and
* called Dodgen Pot, (see Pig. 1). The aite has an elevation
of 1840 ft. (561 m.)s The b}anket peat which covers the area
hes a pPH of L.4-5.0 and overiiea a gleyed minersl soil. The
site has typical blenket bog vegetation (Plate 3) except
that the Sphagnum cover 1s rgducgd, compgred with‘other areas
of mixed moor, e.g. Nether Hearth. This is due to thé lower
level of the water table on the sample site. |
In the upper 3 cm. layer in 1961 the scil water content
varied from an Index of Humidity of 5.7 on.5 June 1961 to




Plete 2.
a) The vegetation of the leestone grassland, a typical
Featuca oving/Aggosti tenuis uplond graseland with Thxgu

druceil in flower. Seale x- L/2.

b) A boulder'of Tyne bottom'limestone outcropping on the '
Limestone grassland site; with Cladonia sxlvatlca and

Rhgcomitrium lanuginosum in the foreqround. Scale X 1/3.;u







Plate 3. _
Thelmixed Cgliuha moor sife cn Dodgén Pot.
a) Algenerél view of the Samplé site, looking north. lNotg '
the derk Calluna §u1garis, anduiigﬁter areas'of_ﬁrioghofﬁﬁ:
vaginatum and Sphagnum spp. prbéﬁcing a typical 'mixzed moor'
plant cover. Scale x 1/30. -

b) A close up of the vegetation cover with Calluna vulgaris
and Eriophorum vgginafum. Thé soil sampler is 4O cm. .in:
length. Scale x 1/10. | | '
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9.4 on 25 September 1961; end in 1962 from 6.1 on 3 May. 1962
to 11.8 on 6 December 1962.. {see Table 6). The Index of
Humidity of the lower 3 cm.'layer.oﬁ this site varied slightly
in 1962 from 8.4 on 7 August 1962, to 10.0 on 4 June 1962.

Calluna vulgaris is the dominant piant'species,-with
Eriophorum vaginstum, E. sngustifolium, Vaceinium myrtilus,
Empetrum nigrunm énd.ggggg chemaemorus occurringtabundantly.
The dominant Sphegnum is S. rubeillum, with Cladonia
sylvatica, C. impexa and C, uncialis also present.

d) Juncus sguarrosus sample site:

The sample site is located on a peat slip to the North
of the alluvial flats of Troutbeck (see Fig. 1). The area
has an elevétion of 1840 ft. (561 ﬁ.) with a regular gentle
slope with a south-facing sheltered aspect. The peat is
thin here and the site has poor drainage, (seé plate 4).
Indices of Humidity from 5.5 to 7.5 have been measured from
this site (see Table 7).

Juncus sguarrcsug and Festuéa.gg;gg are dominant, with
Agrostis tenuis, A, canina and Deschampsia flgxuosa occurring
abundantly. Associate plants are : '

Gallum saxatile
Nardus stricta

Potentilla erecta

Sghaggum_‘ Bpp. mainly S. recurvum
Polytrichun commune

and the liverwort Lophocolea bidentats



Plate Lo -
A guncug gguarrosus site at Dodgen_Pct. ?ﬁe view facqs ﬂbrth,_'

and the J. sguarroéus area lieé between the dark,ggiluné-moqr
| .

4n the baékground and the Juncdsfeffusug in the foreground.

The srea is a typical moor edge zone on thin peat with poor

dreinage. Scale x 1/40.







e) Nardus stricts grassland sample site :
' The sample gite is8 located 1,000 yards upstream from

the Moor House Pield Station on the west bank of Rough
Sike. The area is at an elevation of 1975 ft. (602 m.) and
has a coniex, east-facing eiposed slqpe (see Plate 5). The
site is occasibnally flooded by the nearby stream and the
soil is an 1mperfect1y'draiﬂed'péaty alluvrum descfibed by
'JohnSOn and Dunham (1963) as a moor edge soil compiex;.'
Indices of Humidity for theisaﬁples from this site range
from 1.8-<4.0 in the uppér 3 em layer, and fmom'1.3-2.i in
the lower 3 cm. layer; and are recorded in Table 8. There
is a 3 cm. deep litter layer, and Nardus stricts is the
dominant plant specieé, whilst Gsllum saxatile occurs
abundantly. | | o o

" Other species present are @

Descggmgéig'flexuosa

Juncus sguarrosus

Juncus §£fusus

Agrostis canina
Potentille erecta
Anthoxanthum odoratum
Luzuls cgﬁgeatnis
Rumex acetosa
gg;xtrichum'cbmmune

Viols riviniana




' Plate 5 °

‘The Nardus stricta grasslandtsite, "The view is facing south=-
'wésﬁjup-Rough Sike, which_is lfgble'tb f1ood tﬁe.éité‘in
" winter, end which can be seen ﬂn ﬁhefforeground'in g summer. .

- drought. The width of the stream is one metre. Note the

thick vegetation cover with a'dbep litier.iayer-CQﬁposed

mainly of the remains of N, stricta rnd Galium saxatile.

‘Seale x 1/45.
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f) The Erosion Area of Moss Flats
' The sample site is Moss Flats (see Fig. 1) at the head

of Rough Sike at an elevation of 2075 £t. (633 m.). The
site 1s on a Plane with a véry expoéed‘sqrface (Plate}6).
The blanket peat has been and‘still is being extensively
eroded from this area by the combined action of frost, wind,
rain and sun. _ .. .
Dissection channels aré first formed in the blanket
peat (see Plate 7), which deepen and widen by erosion, and
£inally leave heather covered hummocks on the bare peat sur-—
face (Plate B8)., The stéep side of the erosion channel with
the overhanging vegetation #rom the moor surface is termed
a hag. Mosses are not found within 3 ft. (1 m.).of the hag

14p due to the drying out of the peat. The overhanging hag

1ip becomes covered with the lichen Cladonis coccifers agge
and forma a suitable habitat for a large micro-arthropod
fauna composed mainly of‘gqxlg@pg;g. A typical hag 1lip is
" shown in Plate 8. - '

As erosion of the anti-hag (Bower, 1959) or residual

- peat hummock proceeds, there is developed a steep slope of
bare peat facing the prevailing winds (see Pléte 8). The
dip>slope or sheltered side of the hummock 18 covered by
the remains of the vegétation of the original blanket 503}

e.ge. Calluna vulgsris, Empetrum nigrum, and Erics spp.




Plate 6. _ _
The bare peat surface of Moss Flats. Roots of Calluna cen
.be:seén projecting from fhe pegt,;and‘eiidencé of.peat_move-{
ment in a seml-liquid state_caﬂ_ﬁé seen in the:foregfound. in
_ the middle distance residual Calluna covered peat hummocks
can be seen. The view is to the éast, which 1Q'the,direction_

of the'prevailing wind at Moss Flats. Scale x 1/L40. -







Pla_tea Te
Typical peat erosioﬂ down to the sandstone bedrock,_én the -
north side of Moss Flats. The stream bed is one metre wide

in the Poreground. Scale x L/}Q,:







| Plate 8. .
a) A residual peat hummock on Moss Flats, looking soutﬁ.
. The direction of the prevailing wind is from the right of
the photograph, and the scale #ule is 3¢ cm. in length. Kote
the plant cover of Calluna vulgaﬁis and Empetrum nigrum on
the sheltered leeward side of éhe hummock, and the hag lip
developed on the exposed wiﬁdwgrd side of fhe hummock. In

thé background the lighter patdhes on the moor are tussocks of

Eriophorum vaginatum. Scale x 1/15.

b) The heg lip or overhang developed on the edges of'erdding
moor and peat hummocks. Note the old roots of Callune vﬁlgaria,
and theilichens, including Cladonia coccifera agg.; on the hag

-1ip. Scale x 1/5.
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On. the more waterlogged.areas of bére peat on Moss )
Flats, Eriophorum angustifolium has'bécome éstablisﬁed.by
rhizome growth (Tansley, 1939)'rather then by seed. Plate
9 shows a representative area of this habitat. Eriophorum
¥aginatum is also present as tussocks (see Plate 9). It
is not clear whether thé latter species is a recolonizing
plant of the eroded peat sreas, or whether it is a residual
species which i1s left after the lowering of the original
moorland surface by.eroaio#. | B |

The major part of the éurface o® Moss Flats is bare
peat, from the base of which the exposed roots and trunks of
former Pine and Birch trees Project (Plate 6). Acarina are
_often found in the peat around such roots, but are ebsent
from the surrounding bere peat. Many of the drainage chan-
‘nels have cut the'peat down to the Sandstone bedrock as iﬁ
?1ate 7, and fragmeﬁts of Sandstone occur plentifully; under
which Acarina are found (5ée;P1ate.10). An algal mat
develops in early swamer upoh the semi—liQpid peat in the'
erosion chennels. As it drigs out, cracks appear; and
large flakes are formed, under which Acarina and.Coliembolg
' become established. (See plété 10). Further details of .
this area are given in Secfioﬁ IX (pége 132); and the soil
water-éontente recorded fromihahitats on this ares are

given in Table 9 (page 20). -




' Plate 9. .
a) Er1oghorum ggstifolium grovtng on the ‘bare peat at
Moss FPlats. ©Note *he extensive snread of this plant by

 rh1zome growth, ucale X L/6

b) Tussocks of Eriopho m vaglnat growing on bare pesat
at loss Flats. The fruitlng heads of E. vaglnat can be
‘seén in the foreground. The rule is 30 cm. in length.

' Seele x 1/10. | o e







| ~* Plate 10. | |
a) Bare peat. surface ﬁhich is cracking end flaking on' the
Moss Flats erosipnﬂaréa;"At-the.top right of the phbtogféph '
the algel mat. is flaking eway from the underlylng peat.'fA‘

birch root can be seen projecting,from the_peat.' Scale x 1/5.

b) Fragments.of.the'sanqStoné bedrock on the'bareupeat'of .

Moss Flats. A typical hebitat of Platynothrus peltifer.
Scale x 1/5. '
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g) Other Sample Sites :
Qualitative éamples were collected from the following

habitats:-

l. Alluvisal Grassland = The site 1s located at the junc-
tion of Troutbecﬁ and Nether Hearth Sike (see Fig. 1). The
soil 1s a peaty allﬁvium with mineral particles. The plant
cover is similar to that of the Limestone Grassland site,

' except that lichens are absent.

2. Juncus effusus - Regular samples were taken from the
litter layer at the base of the rush, which provided materigl
for 1ife history studles. The site selected was on the
glluvial flats of Troutbeck.

5. ZERolytrichum commune - Patches of F, commune occurring

on the Limestone Grassland site, the Callung moor site, the
- Juncus gquarrosug site, snd elsewhere on the Reserve were
sampled, (See Plate 11). _ |

4. Valley Bog - This area of actively growing bog was .
aampled twice during fieldwork, (See Fig. 1) | '

5. A 1list of sites which were sampled quaiitatively éﬁ?ing
the course of the fieldwork and covering the whole of the
Reserve is:givén beloﬁ.

(1) Sphegnum flush on North side of House Hill sbove
Upper Valley bog. Mainly Sphagnum recurvum, (See
Plate 11). S

(11) JunguéISQuarrosus.andugé effusus, on benk of Great
Dodgen Pot Sike. | ’




'_ Plate 11,
a) Sphagnum flﬁsh_north of the Hoss Flats erosion ares,
consisting mainly of S. recurvum. Juncus effusus §éﬁ'be.seen
growing in the moss of the fluéh_in the niddle distsnce. f
Scale x 1/12. |

b) . Bed of_Polxjrichnm commune. in a Sphagnun flﬁsh. Scale x1/4.,







(114)

(iv)

(v)

(vi)

(viii)

(x)

(x1)

(xi1)

(vii)

‘cupressiforme, Dicranum fuscescens.

(ix) -
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Grassland on bank of Great Dodgen Pot Sike con-
sisting malinly of Festuca ovina &nd Agrostis tenmis.
Alluviai Grassland consisting'éf.Féstuca,gx;gg_

and Agrostis tenuig, on River Tees flats.

Flush on Bsouth bank‘qf Rivér Tees conslsting of
Cearex nigra and Eriophofum angustifolium.

Hummock of Minuartia verns on heavily eroded gﬁass-'
land beside Moss Burn.

Mosses on boulder in Middle Tongue Beck at 1400 ft.

{427 m.). Moss species included: Hypnum

Lichens on boulder in Middle Tongue Beck. Main

species werelngggxﬁg;g.pgxsoides,,Sghaeroghorus,
lcbosus, Parmelis spp. |

iitter ffom Bracken : Pteridium aquilinum; Middie

Tongue Beck,

Grassland by side of Middle Tpngue‘Beck including

Agrostis tenuis, Festuca rubrs, F. ovina, Csarex
caryophylla, Plantago lsnceolata, and Briza media.
Vegetation from summit of Great Dun Fell, 2780 ft.

(845 m.). Plant species 1nciuded.p1¢ranum-

fuscescens, Polytrichum alpestre, Festuca oving,
end Carex bigelowii. _ |

Vaccinium myrtilus, Festuca ovin ,thaéimit icum
lanuginosum, Cladonis Spps, Cetraria spp. from the
sunnit of Cross Fell at 2930 ft. (893 m.).




(xii1)
(xiv)

(xv)

(xv1)
(xvii)
(xviii)

(xix)
(xx)
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Sphagnun palustre, S, pspillosun from Cellung
moor, Rough Sike. . o -
Cladonis sylvatica - _Lichez_l on Celluna moor',_
Rough Sike. _
Mosses and Liverworts from Calluna moor including
Sphagmn rubellun, Rhytidisdelphus loreus,
Plagiothecinm undulatum, and _.e;_u_];g_ncomnium alustre,
collected oh Rough Sike, '
Eypogymnia physoides - Lichen on mtems of Calluna
yulgaris, from Calluna moor, Dodgen Pot.
Bryum pseudotriguetrum - Moss on grassland on
House Hill. . ' -_ .
Grassland in Paeddock of the Moor House F-i-eld
Station. - o
Horse dung in Paddoek of Field Station,
Sheep dung on' Dodgen I?ot.
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IV TAXCNOMY AND SYSTEMATICS
a) Introduction: | | .

In this section the pyesent state of Acarinq'éystemat1cs
is outlined; and a preliminary list of the terrestrial
Acarina of the Moor Hoﬁse.Reaerve is given, toéether with
notes on their taxonomy and autecology. Localitiés‘are. |
quoted for each species, extensively for rarer ones, whilst
for the commoner speéies a few typileal rgcords are given,

A list of the sites which were sampled for Acarina ‘during
the fieldwork has been given in Section III. |

During the present study 78 species of terrestrial

Acarina have been identifled from the Moor House Reserve.
In no way should this total be regarded aé_finai fér the
Reserve, as the preseat work was only a pfeliminary_survey.
This provisional total includes:

L6 species of Cryptostigmata (: Oributel)

30 &mecies of Mesostigmata (Parasitiformes).

1 speclies of Prostigmata (Trombidiformes).
1 .qpecies of Astigmata (Acaridise). | |
Thefe are no new records for the Britigh Isles. -

In all cases the identification'of ﬁype specimens were
confirmed by taxonomistis at the Brit;sh Mueeum (Natural _
History). The writer is responsible for the rdut&he identi-
fication of the bulk of the material in the study.
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b) Classification of the Acarina:

The Acarina have no known fossil connections with other
arachnids, but the cheliceral morphology indicates that the
group had an arachnid ofigin in opilionid-iike ancestors.
According to Woolley (1961), the group is at least diphyletic,
" probably polyphyletic in origin with two mein divisions; the
' older Anactinochaeta (having true.setae laéking.actinochitin
“and being optically isotropic), end the youngerhAcfinoéﬁagta
(having true setae with a core of actinochitin and being
optically birefringent). ' _- _

Evans et gl. (1961) have summarised the development of
‘the clasgification of the Acarina to date, andlﬁroposed-the-
following classificatidn, which 1ncopporates the views of
Grandjean (1935, 1954). This outline of clessification was
used in the present study. | |

Subclass Acari |

Superorder Acari-Anactinochaeta

, Eopder Notostigmata : e.g. Opilioacarus.
®order Tetrastigmata : e.g. Holothyrus.
®0rder Mesostigmata : Parasitiformes.

Order Metastigmata :'Ticka

Superorder Acari-Actinochaeta
Eorder Cryptostigmata': Oribatei;
®opder Astigmata : Acaridise. |
‘®order Prostigmata : Trombidiformes.

® : Indicates group with free-living représentatives
. found in solls.
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c) Identification of the Moor House“fauna;..

(i) Techniques :=

Mites were killed and preserved in 70--80 per cent
alcohol (Industrial spirit) to which up to 5 per cent
glycerine had been added to prevent the specimens drying
out through the evaporation of the alcohol during storage
(Evans, 1957)» Dried out specimens were reéovered,by
warming gently in 60 per cent lactic acid. .

-The preparation of mites for taxonomic study undef
the compound microscope involved the reméval of their
internal organs in order that structures of taxonom;c inpor-
tance could be examined. Grandjean (1949) first used lactic
acid aé a2 clearing and temporary mounting-mediﬁm for-miteé,
' The following techniques were based on those described by
Evans end Browning (1955). | | |

All developmental stages of terrestrilsal nites were
cleared by immersion in cold or warm 50-100 per cent lactic
acid on a cavity slide under a cover—sliﬁ;_ The stréngth of
the lactic acid used ie dependent on the degree ofAsciero-
tisation of the specimen. The lower concentrations'(50¢70'
per cent) for immature stages and other wéakly.éclerotised
forms, e.g. Order Astigmata and some Cryptostiémata, and
the higher concentrations (80—160 per cent) for heavily
sclerotised specimens, e.g. Order llesostigmata and many

Cryptostigmata. Clearing in cold lactic acid took from L4-6.
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days for ﬁeavily sclerotised mites. Lactophenol has been
used in the présent stﬁdy for rapid clearing of very heaﬁily
sclerotised specimens with good results. - | |

The preparetions were warmed gently'on'a warmiﬁg'plate,
which was constructed by ené;osing a 60 watt electric bulb: |
| in a metal box. Raﬁid heating ﬁas avoided as it tended to .
rupture the specimens. | ' |

Temporary preparations ﬁere made of cleared épecimens
in 1éctic acid on cavity 3lides with cover-slips. The tech-
nique for the orientation of mites in cavity slides has been
described by Grandjean (1949), Criticel sﬁudies were
carried out in this work by using a perspex cavity slide for
containing the specimen during orientation (see Evans'and
Browning, 1955). This technique is illustrated in Fig. 3.
The orientstion and manipulation of the mite in the medium’
‘waB done by means of a pilece of fine fuse wire f;éttened
into a minute spatula hy hammering and mounted in a glass
rod. |

Permanent preparations were made eaflier in this work
tc form a reference colléction to-the Moor Hcuse spéciést
The specimens were orientated and mounted in de Faufe‘s

'medium, which was prepared as follows:

Distilled water ' . 50 ml,
Chloral hydrate 50 g
Glycerol . 20 ml.

Gum arabic or acacia 30 g.



| Pig. 3. S
Illustration of the technigue using a perspex cavity'sliéé

for orientation of mite specimen in a fluid medium (aefter

Grendjesn, 1949; and Evans end Browning, .i955).
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The ingredients were-mixed at roon teﬁperature, and the
reaulting mountant filtered through silk before use. The
' gpecimens were transferred directly from the pfeserving'br
clearing fluids into the mountant. The cover-slip was
sealed with "Glyceel";within one week of preparatioﬁ.

Little distortion of the permanenily mounted specimens has
occurred in these slides. Evans et al. (1961) have found
polyvinyl alcohol (P.V;A.) unsuitable for permanent pre-

parations due to_the shrinkage which occurs during drying.

(ii) Literature :- '

A general introduction to the Acarina was obtained'
through the publications of Baker and Wharton (1952), Hughes,
(1959), Hughes, (1961), and Evans gt gl. (1961). The
figures in the keys by Baker et al. (195€) were useful during
the early stages of the taxonomic work. The works_by
Russell (1957), Keven (1962) and Kuhnelt (1961) fo;'med an
introduction to the study of soil faunas.

In the present werk all the Cryptostigmata (Oridatei)
were identified to the species where possible; and fhe
Mesostigmata'to family or generic level. The major Eey
works used in the identifications are clted below, whilst
other taxonomiec literature consulted is listed in Appendix
II. |

The identification of.the Cryptostigmata was by the
keys of Willman (1931), and Balogh (1961, 1963); and aided
by descriptions from Michael (1883, 1887), Hammen (1952),
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Sellnick snd Forssluﬁd (1955), end Haarlgv (1957). Deter=~
mination of thevjuveﬁile stages of the Cryptostigmata was
by keys from Tuxen (1952) end descriptions from the above
literature.

The Mesdatigmata were determined as far as possible by
the excellent introduction to the group by Evens (1957).
Eurther pepers from the numercus literature are g1§en in
Lppendix II, ﬁhich give keys and descriptions to speéies.

Keys contained in Baker and Wharton (1952) were help-
ful in ideatification of the Prostigmata and Astigmata from
the Reserve., | | o |

Check lists to specieé.of British mites wére;cansulted
in Rull (1918, 1925), and Turk (1945, 1953). ‘

d) Check-1ist and habitats of the Moor House acaring :

In the following list the species and genera are
arrenged in the order of the check 1list to the British
species by Turk (1953). Reference has also been made to the
publications of Baker and Wharton (1952), and Belogh (1963).
CRYPTCCTIGMATA
l. Nasnhermannia nena semsu Willmen 1931

A common speciles found on all areas where sampleé were
collecfed, both on ninersl and peat soils. Typical records :-

Dodgen Pot (Juncus sguarrosus) 28.11.60
' Limestone grassland 3 562,

2. Hypochthonius rufulug C. L. Koch 1836
Recorded from the Juncus sguerrogus site at Nether
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Hearth and the mixed moor only. Typicel records :-

Dodgen Pot (Calluns wulgaris) 25.9.61.
Nethér Hearth (Juncus sguarrosus) 28.8;61“
3.  Irimalaconothrus foveolatus Willmen 1931
A speéies which has only been foﬁﬁd on the Limestcne
grassland, mixed mobr'and tﬁe Nardus stricta grasslandf.'
Typical records :- | : I
House H11l (Calluna vulgaris) 10.L.61.

Limestone grassland 5.6.61.

4. Trimglaconothrus novus éellnick'1921
. Recorded once only from the Juncusigggprrbsué-sitq-at
Nether Hearth on 11.12.61. ' |
5. Nothrue palustris C._L.'KOch 1836
A common species in wetlhdﬁitats of-ﬁhe Reeerie,
including Valley Bog andimixéd moor. Typical records :-
Valley Bog,(Sphaggum.gpg,)-io;h.Gl.
Limestone graseland 23.10.61.
6. HNothrus silvestris Nicolet 1855 |
Recorded extensively from peat areas only. Aécofding _
to van der Hammen (1952) this speciés occurs in forest
soils, Typical records :- |
Moss Flats (Erioghorum ggstifolium) 5.9.61.
Dodgen Pot (mixed moor) 11.12.62.
8. Camisia bistria@us (c. L..Koch,1839) |
| Recorded once only';n_Péixgrichum commune'cdllected

from flush on House Hill, L.6.62.
7. ceumsna Segms Hermann I‘JOH-) . ‘ . '
Twis  species (|s common on blauket 503- T‘SP"“( teconds :
Moss Flats (howwecle btop) 4.12:6l. Dodgem Pot (uu'xe& woor) 15.1.62.
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9. Camisia sp inifer (C..L. Koch 1836)
Not a common species and recorded only from Limestone
grassland, mixed moor and the Juncus g@ggggosus site.
Typical records :=- R
Cross Fell summit (moss) 2h.5,62.
o Nefher Hearth'(JuncuS-sguarrosus) 28.8.6;;
1Q. Platxgothrus peltifer (C. L. Koch 1839)
A cdmman_species recorded‘from'elllthe_habitatsISampied.'
Typical records:- | . | ' :
Troutbeck Flats (alluvial grassland) 4,7.60.
Rough Sike (Calluna 1gar1s) 20.3.62.
11. Damaeus clavipes (Hermann 180&)

Recorded from the litter of Juncus effusus and the

Nardus stricta grassland. Typieal records -

Nether Hearth (Juncus effﬁsus)f5.9.61.
Rough Sike (Nardus stricta) 3.10.62.

12, Damaeus.ggaciliges (Kulszynski 1902)

'Reeorded oniy from Cladonia sxivatica on ‘mixed moor,.
Rough Sike on 25.5.62. |
13, Eremaeus oBlonggs C. L.eKoeh.1836
Recorded commonly on the hag lip srees at Moss Flats
erosion sife., Typical records ‘- |
Moss Flats (Hag iiﬁ) 27.2.61. _
Troutbeck Flats (Hag 1lip) 24.5.62.
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" 14. Suctobelba trigona (Michae171888) |
A single record exists for: this specics on the Reserve :-
House Hill (Mo-s. Bryum pseudotriguetrum) 25.5.62,
'-:15. Suctobelba subtri _g__na (Oudemans 1900)
- Common on mixed moor and the Limestone grassland.
Typical records :- |
Limestone grassland.j 10,62,
Valley Bog (Polxtrichnm commune) '23,5.62.
16, Oppie splendens c. L. Koch 1841

Typical records -

Limestone grassland 25.9. 61.~
Dodgen Pot-(mixed;moor) 3.&.62.
17. Oppia subpectinats Oudemans 190i '
| Typical records ﬁ—' :' .'
Limestone grassland 28 11. 60.
Nether Hearth (Juneus 3guarrosus) 20 2 6l1.
'18. Oppis obsoleta (Paoli) sensu Willman 1931
A common species of the'oeat end mineral_soils{
Typical records := |
. Limestone grassland 16.1.61.
Dodgen Pot (mixed moor) 5 6. 61.
19. Oppias ornata (Oudemans 1900)
Recorded from the mixed_moor and erosion area.
Typical records :-
Moss Flats (bare peat) 27.3.61.
Dodgen Pot (mixed moor) 6.12.62,



20. GOppia guaggigarinat (Michael 1885)

A single record from Troutbeck Flats (Juncus,ggggggg
litter) on 23.5.62.
21. QOppia neerlendics Oudemans 1900 |
Recorded only from blanket pcat. Typical recordl I
Dodgen Pot (mized moor) 14,.5.61.
Rough Sike (mixed moor) 23.5.62.
22, Thyrisoma lanceolats (Hichael 1888)

Recorded from peat, mineral, and alluvial soil types.'

‘Typical records £— '
Nether Hearth (Juncus gguarrosus) 28.1150;
'leestone grassland 15,1.62. :
23. Ceratoppisa bipilis (Hermann 1804) _
A commonly occurring speciea on all sites but in low
‘densities. Typical records :=-
Troutbeck Flats (alluvial grasslend) h:?,GO.
Dodgen Pot (mixed.moor) 3,10.62., '
2. Tectoccghéus velatus (Michael 1880)
Abundant and widely distributed on all the main peat
and mineral soil types sampléd. Typical records :=
Troutbeck Flats (alluvial grassland) 25.7.60.
Dodgen Pot (mixed moor) 1B.4.61. ’ '
25. Tectocegheus velatus'var sarekensis Tr&gﬁrdh 1910
Haarldv (1952) hae suggested that the characters of

I. yslatus vary considerably, and that all previously des=-

39.
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- cribed speéies,_with-the exception of ' I, alatus Berlese-
1913, belong to T. velatus '(M‘ich'ael 1880) The variety
I. velatus var sarekensis probably belongs to T.'zglgggg
(Michael 1880)., . '
26, Cepheus dentatus (Michael 1889)
Recorded from mixed moor and_Nardus.ggg;ggg grassland
on :- | - | _- _ .'. |
Dodéen Pot (mixed'moor) 23,1.63.
Rough Sike (E_a_x;ggé s_tricta)" 3,10.62,
27. Carabodes marginstus (ﬁiéhaelrIBBH)
Recorded from peat and mineral soil areas, but not so
common as Carabodes minusculus. ‘Typical records t=
Dodgen Pot (mixed moor) 20. 2 61.
| . Limestone grassland k. 6 62._ '
28; Carsbodes minusculus Berlese,l923
Recorded dommonly from alllthe areas'sampled. Typiesgl
records :-'  :. _ I | |
.Limeetone graesland'22.il.6lr-
Dodgen Pot'(miied.@ocr) 3.7.62.
29. QOribatuls tibiaslis (Nicolet 1855) |
Recorded from both peat ‘and. mineral soil typee.
Typical records e _ L
| Dodgen Pot (mixed moor) 23.1,61.

Limestone graSsland 13.2.62.
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30. Liebstadis similis (Michael 1888)
| Wihespread on all sites in moderate densities. Typi- '
cal records - R
Troutbéck FPlats (alluvial gressland) L4.7.60,
Rough Sike (mixed'moof) L.6.62,
31, Minunthozetes semirufus. (C. L. Koch.iého)' |
'Recorded oﬁly from the mineral soil of tﬁe Limestone
grassland. Typical record i= |
' Limestone grassland lo.h 61.
32. Melanozetes mollicomus (C. L. Koch 18h0)
| Recorded on mixed moor 'end the limestone grassland as
follows := .
Limestone grassland 22.11.61.
Dodgen Pot (mixed moor) 1.9.62.
33, Edwardzetes edwardéii (Nicolei 1855)
Hull (1916) described tﬁis gpecies-as one .of the com-
_mohest in the north of Bnéigﬁd,jbut it is th wide1y.-
" distributed on the Reserve, Typidal records‘:- |
| | Limestone grasslend 28'11 60 o
‘Troutbeck Flats (alluvial gz-assland) 20.5.62.
3L. Chamobates 1ncisua van der Hammen 1952 -
A single record from the Limestone grasSlaﬁd.:- 3.10.624
35. Chamobates schutzi (Oudemans 1902)

Extremely common on al;ithe areas studied. Typiecal - ..
records.:- _ | | | | |
‘Dodgen Pot (mixed moor) 18.4.61.
Limestone grassland 3.10.62. |



36. Ceratozetes gracilis (Michael 188L)

Recorded from the fourlmain sampiing areas. Typical
records :- _ .
Hether Hearth (Juﬁcus sguarrosug)'20.2.61.
Rough Sike (Nardus stricta) 3.7.62.

37. Limnozetes sphagni (Michael 1884)
Collected from Sphagnum and wet areas in erosion
ghannels. Typical records :=- _
Valley bog (Sphegnum) 3.5.62.
Moss Flats (Eriophorum gngustifolium) 4.12.61,
| 38. Pelops plenicornis (Schrank 1803) |
Recorded extensively frqm both peat and mineral soil
types. Typlcal records := 4 C
| Troutbeck Flats (alluvial grassland) L.7. 60.
Moss Flats (hummock top) h.12.61,
39. Pelops plicstus (C. L. Koch 1836)

Recorded frdm peat and mineral solls. Typical records :=-

Nether Hearth (Juncus sguarrosus) 2£28.,11,.,60.
_ Limestone graseland}S.f.Sz.
4O, Peloptulus phaenotus (C. L. Koch 184L4)
A single specimen collected from the Limestone gréssland,
1.9.62, .
41. Achipteria éoleogtrata (Linnseus 1758)
Typical records :- |
Limeetone grassland 20.3,.62.
Dodgen Pot (mixed moor) 28.8.61.
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42, Notagspis punctatus Nicolet 1855
Recorded on}y from the mixed moor on Dodgen Pot, 5.6.61.
L3, Galumna von Heyden 1826 | | |
The single specimen of this genus has not been deter-
mined ss yet. Recorded from qugen Pét_(miied moor) on
4.6.62. R |
L, Phthiracérus piger (Scopoli 1763) |
Recorded only from the:peat sites, “Typicai records -
Dodgen Pot (mixed,mbqrj 8.5,61;
Dodgen Pot (Juncus ggarfosu ) 20.2.61,
hs. Phthiracarua ligneus Willman 1931
'Recorded most extensively from the peat sites, but also |
from the mineral and alluvial soils. Typical records =
‘Moss Flats (hummock top) 27;2,61.
Rough Sike (Nardus'strigté) 3.10.62.
46. Pseudotritis minime (Berlese 1904)
| Specimens were collected only fronm mixed moor and areas
of Juncug squarrosus. Typical records :=~
Dodgen Pot (mixed moor) 8.5.61.
Nether Hearth (Juncus sgquarrosus) 11.12.61.
The following records for the Mesostigmata are of those
‘species and genera so far detérmined;-a ruiler list‘willlbe
availeble when the materidl'has been completely determined
at the British Museum. | |
47. 2Zercon C, L. Koch 1836



This genus was recorded frbm ali the saﬁple gsites, but
it occurred more commonly 1§.th¢ mineral.soils.. Typical
records - | . o
Limestone grassiand 13.2.62.

Dodgen Pot (mixed. moor) 13.3 61..
L8. Veigaia nemorensis (C. L. Koch 1839)

A single record for this species to date in mosses on
the surface of a rock, Middle Tongué beck := 24.5.62,

49. Veigaia cervus (Kramer 1876)

Recorded from Sphagnum moss in Valley.Boé = 29.10,60,
50. Veigala transisalse (dqdemans 1902)

Recorded on Dodgen Pot (mixed moor) :- 15.1.62.

51. Yelgais kochi (Tragirdn 1901)

Recorded from the Limestone grassland se 11.12,61,
52, Parasitus Latreille 1795
| Recorded from the Limestone grassland, mixed moor and
' Juncus squarrosus moor. Typical records :-

Limestone grassland 15;1,61.
_ Dodgen Pot (sheep dung) 4.7.62.
53. Eugamasus Berlese 1892 _

Recorded from miﬁed moorion Dodgeh Pot i= U.7.62¢

54, Amblygsmasus septentrionalis (Oudemans'1902)
Vailey Bog (§2haggum) 29n8.58..' o
55. 'Pefgamasus crassipes (Linnaeus'i?SS)

Widely distributed on both peat and mineral soil areas.
Tyeical ecomds:  himestine. grassland  3.5.4.

Dodgéu p°‘-. (Tunws Sq‘_lmg_sus) niz.62
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5. Pergamasus crassiges vor longicormis Berlese 190
Typical records :- :

Dodgen Pot (mixed. moor) 6.12;62.
Limestone graéaland 23,10.61.

57. Pergamasus robustq§$ (Oudemane 1902)

Nether Hearth (Jugcus'SQuarrosua) 28.;1;60.

58. Pergamasus decipiehs (Berlese 1903) -

Rough Sike (Nardus stricta) 28.11.62.

59. Digamesellus Berlese 1905 '

' Recorded from the four m#in samﬁle'sites. Typical

' records - | _ |
Limestone grassland 13,3.61,

Dodgen Pot (mixed moor) 11.12.61.

60. Hypoaspis G. Cenestrini 1885 |
Rough Sike (Nardus stricta) 30.1.62.

6l. Lasicseius Berlese 1916 ‘ |
Moss Flats (Eriophorum sngustifolium) 4.12.61,
Limestone grassland 15.1.62.

62. Platyseius Berlese 1916“ | |
Mose Flats (Eriophroum sngustifolium) 5.9.61. -

63. Eviphis ostrinug {C. L. Koch 1836) |

 Troutbeck Flats (alluviel grasslend) 25.7.60.

6L, Pachylaelasps Berlese 1888

Recorded from peat and mineral soils. Typical records t-
| Rough Sike (Nardus stricta) 30.1.62.

Limestone grassland:5.6.61.



http://Pe.i-qciivifl.sus
http://il.12.6l

L6,

i 65. Sphaerolaelaps (?) holothyroides (Leonardi 1896)

Limestone grassland edge (Sphagnum rubellum) 14.10.60.
66. Macrocheles gubmotus Falconer 1923

Nether Hearth (Juncus squarrosus) 28.11.60.
67. Macrocheles glaber (Mtiller 1860)

Limestone grassland 3,10.62.
68. Geholaspis longispinosus (Kremer 1878)

Troutbeck Flats (Juncus effusus litter) 11.10,.60.

69. Rhodacarus roseus Oudemans 1902

Recorded from the Limestone gressland, mixed moor and.

, ﬁardus stricta grassland, but commonest on_the former ?ite
below 3 cm. in depth. Typicgl records :=- |
Limestone grassland 10.4.61.
Rough Sike (Nardus stricta) 3.10.62.
70. Trachytes pyriformis (Kramer‘lB?&)_
Distributed on all the areas sampled. Typical records :-
Dodgen Pot (mixed moor) 23.1@.61; '
Limestone grassland 7.8.62.
_ 71. .grachxtes_minima Trigirdh 1910

An uncommon species found only in mineral soils.
Typical records :-
Limestone gréssland.17.7.61.
. 72. Dinychus Kramer 1862

Recorded from the Limestone graselsnd only. Typical

record :=-

Limestone grassland 30.1.62.
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) 73 Pdlxaspinus.gx;}ndriéué Berlese 1916
Two records only"of this specles as follows :=
Troutbeck Flats (Juncus effusus litter) 22.11.61.
Rough Sike (Nardus stp cta) 30. 1.62.
' 74. FPhauloeylliba Berlese 1904 -
- Limestone grassland 28;8.61.
75+ Cilliba cassides (Hermann 1aou)
‘Recorded only from the Juncus sguarrosus site on _'
20.,2.61. and from Bracken litter on Mlddle Tongue on 24, 5 62«
76. Olodiscus minima (Kramer 1882)

Recorded from all the sites sampled at Moor House, but
common on the Limestbne grassland. Typical records.'- |
Limestone grassland 14.10, 60. |
Dodgen Pot (mized moor) 7 8 62,
PROSTIGMATA |
77. Irombidiidae Leach 1814 _ |
This fémilj was récordeglfrom all the sites.siugied.
ASTIGMATA |
78. Rhizoglyphus echinogu (Fumouze and Robin 1868)
Recorded from both peat ‘and mineral eoil types, but
commonest on the Limestone grasslend. Typical records :=-
Limestone grassland L.6 62. |
Rough Sike (Nardus stricta) 37 62.




'V SAMPLING AND EXTRACTION i‘ECHNIQ,UES
a) Introduction : |
Methods for the extraction of micro—avthropodé from
soils have been reviewed in Kevan (1955, 1962); Balogh
(1958); Kulmelt (1961); and Murphy (1962). A éompreheﬁsive
publication on all saspectis éf soll arthropod sampling is
 included in Macfadyen (1962). |
The methods cen be divided into two main types.

Firstly, there are methods which operate by the movement of

the'animals'out of the soil in response to attractant or
repelleht stimuli, e.g. light, temperature, desiccation,
humidity. This type of method has been termed 'behaviour'
(Macfédyeh, 1957), 'dynamic‘ (Murphy, 1962), and 'autométic('
by Continentel workers., Secohdly, there are Ymechanicg;"
methods involving sieving, flotation, oi sedimentetion,
where the arthropods are removed independeﬁt of their,:
activity.

The extraction of eoil arthropods presents great pro-
blems snd no accuraté meaeureldf extraction efficiehcy has
been obtained. Macfadyen (1953, 1955, 1961) has described
and compared several methods for extracting soil arthropods
from soil samples. In all cases assumptions have to be |
made concerning the reliabilify of the extradtion technique

as follows:
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1) That the extraction processes for different dates on the
same soil site are comparable. Involved‘in this aspect ié
the age structure of the population being sampled, and its
| ability to react to stimull in behaviour-type apparatus; the
water content of the soil sémples; the varying field tem~
peratures, l.e. animals are léss active at low temperatures;
and variastions in thé depth of litter layer and plant cover. -
ii) Comparison of numbers from differenf s0il types
assumes & similar extraction efficiency, although variations

in pore size and vegetation coverfmay‘make escape from one

gsoil type easier than from anqther in a behaviour-type
epparatus. | | ‘

1i11) In mechanicel extractién devices such as the flotation
apparatus, some groups float'more'readily than others, - For
comparative purposes it must be assumed that all groups df_
Arthropoda float with equal ease. _ _

' The flotation extraction process developed b& Raw -
(1955) was considered unsuitable for the pfesént study due
to the large quantity of organic'matter present in moorland
soils., It was decided that the most efficlent behaviour-
type exfraction apparatus would be employed. This was con-
sidered to be the High Gradient apparatus designed by
Macfadyen (1961), and & modellwaa used which had veen built
by Hale (1962) for his studies on the Collembola of Moor

House,. (See Plate 12). This spparatus was ten times as
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efficient as a Tullgren funnel under the conditions and
soils used by Macfadyen (1961). |

The advantages of such a method may be summarised es
 follows: the method is a relatively simpie one and requirés
little 1§bour compared with the mechanical progesées ﬁvail-
able. The animals are recovered in good condition, and is
certainly the only kngwn guccessful meané of extracting
micro-arthropeds from soils having 8 high orgeanic matﬁer
content., It is also 2 suitable method for Obtaining ;ive“
specimehs of the Arthropoda. |

The disadventages of the method include: éontamination
of the catch with sample debrié during extraetion;'énd itﬁ
unsuitability for soils with a high clay content, due to
shrinkage of the sample. The efficiency of the behaviour-
type extractor for individuai_animal groups may vary to a
greater extent than a mechaniéal'deviqe. It will not extract
inert étages, and the effect of predators.ér other causes
of change in the number of 1nd;viduals may be important
bepause of the length of time which the extraction process
takes. | | ' |
b) Sempling: )

i) The size of the sample-ﬁnit. ‘

It was required during the study. to eétiﬁate the
variafions invdensity and numbers of common species, in

addition to evaluating the total density of Acarina,
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Therefore, & sample unit size which would yield numbers of ? :
the order of 20-100 mites was sodght, and l/looomz (lOcma)
of surface area was decided upon. The cores were taken to a
depth of 6 em., cut horizontally into half, and extracted
separately. ’

In the construction of the extraction apparatus, (Fig.
5) 'Tuffnol'.tubing of the correct diameter could not de
obtained and the surface aréa of the sample units was
11.5 em. (1/861n ). |

2) The number of sample units.

It was considered to be of mofe value to take a large
number of small semple units then a small number of larger
units of the same total surface area for the following

reasons @ ) | '
| 15 A large number of sample units is more represen-
| tative of the habitat then a few samples.
ji) The statistical errér.is reduced since this varies
-as 1 , where n is the number of the sample unifs.
i111) The gfriciency-of extraction is greater for small
sized sample units in a behaviour-type extractor.

Macfadyen (1957) recommends 30 sample units of 1Ocm2'
gize where the distribution of the organisms is patchy. The
labour involved in the_proceséing of this number of sample

units for the sampling programme envisaged was considered to

be too great, particulerly as the cores were to be subdivided
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and 15 sample units were tsken throughout the study. The
sampling dates were at monthly intervals as no more than 2-3
generations per year were expected for the Acarina at Moor
House. ' o |

Regular sampling was begun in January 1961 and continued
‘until December 1962. - | .

3) The soil sampler. '

Construction of the soil sampler was similar to that
described by Macfadyen (1961) and is illustrated.in'Fig. L.
It was designed to take 2 'Tuffnol® (heat resistant laminated
phenolic plastic) sample holders, each taking a 3 cm. deep
goil core of 11, 35cm. in circular cross section. The 'Tuffnél'
sample holders were held in position in the s0il sampler by
means of a retaining cylinder clamped'in pleace by a 1id. The
steel cutting edge of the samﬁling tool was sharpened regu-
larly. Handles ﬁere fizxed to the sampler to aid in cutting
the sampler into the substrate. It is suggested that a
sampling tool similar to that designed by T8rne (1962) for
sampling compost may give better results in sampling peat.

I4) Taking the sample: |

- Blas was avoided in sampling by taking the soil corés
at random in the habitat. The containens of sémple holders
were thrown randomly over the érea, end the sample taken
one metre from the top oﬂ the contsiner albng its axis. In

sampling, the sampler was held_vertical to the ground surface,




Fig. k. | |
The soil sampler showing the position of the 'Tuffnol’ sample

holders, and the retaining cylinder.
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end with many half revolutions of the tool and light pressure
the vegetation was first cut. Then greater pressure was
applied to the handles of tﬁe tool, and the sampler forced
into the soil to the required depth by means of an alternate
twisting action. The sampler was withdrawn after the soil
- core had been broken from the underlying soil by a complete
revolution of the samplirg tool, “

5) Treatment of the sample: ‘

Care was taken to prevent damege to the samples ﬁhen
removing them from.the_soil sampler in the field, Murphy
' (1962) has shown that the efficiency of a eplit funnel -
extractor is reduced when di#turbed égﬁples were used, |

The two vertically'adjacent sémples were.separatéd from
each other and from the unwanted loﬁest plug of'apil by a
gharp knife in the field. Bach separate soil sample con-
tained within its 'Tuffnol' holder was wrepped in a small
‘polythene bag to prevent desiccation and loss of animals,
end placed in an aluminium canister for transport to the
laboratory. . The first extraction was normally begun within .
6 hours of collection of the samples.. The sample-uniis to .
be extracted later were stored at a témperature of 5°C. -
.until the second extraction 3 dajs after collegfion;

All soil_corés in the sample holders were wéighed in
bulk before extraction, end again after drying to.ccnstant

weight (see page 1S.), to obtain data on soil water content.
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When loading the soil samples into the extractor the
vegetation surface of ﬁhe sample was placed downwards in
each extraction unit, i.e.aWay from the heat source. As the
majority of soll micro-arthropods inhabit the litter layer
th@s provicdes the shortest possible distence for them when
.leaving the sample during the extraction process.
. e¢) Extrasction appasratus | |

Macfadyen.(1955) has summarised the stages in the
" development of the Berlese fynnel fer guantitative studies
on soil micro-arthropods, The High Gradient apparatus
designed by Macfadyen {1961) takes cores of l/200m2 (SOcma)
in surface area and 3 cm. deép. As stated above:the gpparatus
used in this study takes samples of 1/881m (11.35cm ) in
_surface area and 3 cm deep. . '

Fig. 5 shows a single extractor unit o6f the High
Gradient epparatus. The sample unit is inverted over a
metal gauze fitted to the.tob of an aluminium canister which
contains water to the depth of 1 cm., and is sealed by means
of a rubber sleeve. A steep temperatube gradient can be
maintained through the depth of the soil sample by heating
from sbove by a 60 watt pearl electric bulb, and cooling the
collecting canister from below, by a water bath througﬁ which
a constant flow of cold water is maintained; That con-
densation does not occur at the level of the sample due to

the maintenance of @ steep temperature gradient throughout



Figo 50; : : ' o ) ‘
A s:.ngle unit’ of the high-—grauient extraction apparatus '

showing the orientation of the soil sample.
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the process has been demonstrated by Macfadyen (1961). The

relative humidity within the collecting canlister is about 100
per cent. In this apparatus a combination of repellent stimulil
(heat, desiccation and light), and attrgctant stimuli (high
relative humidity in the coilecting canister) are fhe.main
factors>in inducing the arthropods to leave the soil samples.
Desiccation has been sugges{ed by Nef (1962) as the ﬁéin
factor responsible for the movement of Acarina from litter
samples in the Tullgren funnel extractor. '

The apparatus is shown in plate 12, It consists of two

trays holding a total of 32 extractor units (16per tray).
The trays form the w#ter baths for the collecting canisters,
and cold water is circulated through them during the extfaé-
tion. A Zenith variac trensformer (type 1OOM) controls the
voltage passing through the electric light bulbs, &nd in
this way the temperature is controlled. A pilot hulb on
the outside of the apparatus indicates when a heating buld
has ceased to function. There is no controlled draught
system in this apparatus. | | R

It was found that a three day extraction period was
the most suitsble for Acarina with the heating controlled at
the following voltages:- | | g

O0=24 hr. 60 volts

24-48 hr. 100 volts

L8-72 hr., 140 volts




Plate 12. |
The high-gradient extraction apparatus, showing the method
~of fitting thé éxtractionlunits into the trays eonfaining
the cooling water. The extractor takes 32 gample units at
one time. The Variac transform%r which controls the voitage
applied to the heating bulbs is fitted between tﬁe two
extractor trays. The pilot lights indicate'whether or not

the heating bulbs are functioning.
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The soil'samp1e>was cqmpletely dried out at the end of

the 72 hours. Due to the short extraction_régime it was not
found necessaﬁy to use fixafives'or fungicides in the col=

- lecting canisters. The micfo-arthrOpods were ﬁét.killéd
until the extraction was completed, when 95 per cént-alco—
hol was eprayed into the canisters.A Care was taken to'wash
- down the walls of the caristers with elcohol to prgvent_loss
of specimens; _ . '_

Hale (1962) using the same epparatus end a similar
extraction régime'recorded a temperature gradien£ of 60°C.
in the soil samples after 60 houré of extraction, using
mercury thermometers. Fig. 6 sﬁows the temperature gradients
in peat and mineral scil samples which were measured in.fhe
present stu&y with thermistors.' Final tempefature-gradients
of'60-70°c. were measufed, and further data on this aspect'

. are given below,. |
d) Sorting process:

Each cenister removed from the High Gradient apparatus
contained the Acarina and otﬁer micro-arthropods from'Oné
sample core 3 c¢m, in depth. The Acarina were preserved for
counting and'analysis by the addition of 95 per cent~a1§ohol
to the water in the cenister as described above.

The sample extracts were:examined as soan as possible
~after extraction to reduce the loss of material through the

growth of microfungi. For counting purposes the contents
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of each canister was washed with alcohol into a verticsl
sided petri dish of 10 cm. diameter, the bottom of which had
been squared in centiretres by a diamond pencil. The fields
thus formed in the counting dish were scanned under a bin-
ocular microscope with a magnification x30. Direct illu- |
mination was used in conjunction with both light and dark
backgrounds.

The Acarina were systematically removed from the dish |

by means of a minute wire spatula (see Harding and‘fashtell,
1950), first from the 1iqu1d surface, then from the bottom
and finally from around the edge of the dishf The whole
area of the counting dish was thus covered twice,'and ind14
‘yiduals caught in the meniscus were recovered by the Pinal
search of the edge of the dish, The Acarina were trans~ r
ferred to a glagzed pnrcelain plate confaining sepsrate
conpartments into which the various groups of mites'wene
sorted. |
Each spocies from the sample was identified and
counted and recorded on a data sheet. As a check on the
total number of Acerina the gnoup totals from the separste
compartments of the counting dish were summed for each |
sappde. | | |
Doubtful specimens were cleared and mounted in lactic

acid and identlfied as described in Section xv.
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e) The High Gradient Extraction Process : |

l. Temperature Gradient :=-

Haarldv (1947 and 1955)‘has correlated.the'migratidn
of fauna out of soil aamples in & Tullgren apparatué with
measurements of temperature ahd relative'hﬁmidity inéide
and outside the samples. Témperatures of 38-43°C and a
relative humidity of 25-30 per cent after 30 hours of extrac-
tion were recorded. It has peen shown by Macfadyen (1955)
that the control of temperature and humidity above, within,
and beneath the soil sample can increase the yicld from
funnel extractors. Macfadyen (1961) claims that the tempera-
ture gradient in the soil sample 1is steep in the:high gradient..
extractor, being entirely dependent upoh the temﬁeraturé 6f
the cold water bath and the heating element.

The temperature waaAmeasured throughoﬁt a normal three
day'extraction régime in théfhigh gradient apparatus used 1in
the present study. Observations were made at intervals
during the extraction at fhree points in the soil'sample és
follows - |

i. ‘At the surface and in the centre of the soil
sample nearest phe héating bul$, ‘
ii. At a depth of i;s_cd} from the surface.gnd_in
the centre of the sample.
111, At'the'bottom (3¢m.) ana in the centre of the
sampie, i.e. in the vegetatlon layer and furthest
away from the hééting.bulb;
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The temperaturc was measured by Stantel 'Twpe F' thermistors,
by measuring their.éhange of resistance with temperature on
a.Wheatstone bridge circuit. The thermistor probes were
sited as described above in the sample in previously drilled
holes in the Tuffnol sample holder, and were sealed in
position with 'Bostick 5°' séaling agent.

_Tﬁns a picture of the temperétures-and the temperatﬁpe
gradient throughout the extraction was obtained. The tempera-
ture gradient is the differehce in temperature between the
top and bottom of the soil sample at any one time. Tempera-
tures were recorded from four samples 3 cm. 4eep each of
peat and mineral soil. Temperature curves typicel of these
two soil types are shown in Fig. 6. The development of the -
temperature gradient with extraction time in a sample of

mineral soil from the Limestone Grassland site at Moor House
is shown in Fig. 7. The final temperature gradient at the
end of the extraction was 70 centigrade degrees in 3 cm. in
this case. Further temperature gradientg measured are given
in Tevle 10. | | |

Froh Table 10 it can be seen that the temperature gradi-
. ents in the peat samples are stecper at fhe three recorded
times in the extraction then in the mineral soil samples. -
Reference to Fig. 6 shows that this is the case throﬁghout
the ﬁhole of the extraction. This fact may be accounted for

by the different physical properties of organic peat and



Pig. 6(a).

: Gréph of the temperatures fecorégﬂ in a peat scil sample
during the =zxtraction processz in the high~gradient-a§pératus.
Thé positions of the three thermistor recqrding pbints, (A,
B, and €) within the soilisample afe_indicated in the inset.
The temperatures recorded in the water bath outflow, and,inf'
the extraction room were the sémg ss those shown iﬁ Fig: ﬁ(b).'

-~ The heating volteges are shown.i
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Fig. 6(b).
Graph of the temperatures recorﬁed in a mineral soil sahple
during the extfacﬁion procéss in the high=-gradient apparatus.
_The position of the three thermistor recording points, 4, B,
end C), ere as indicated in Fig., 6(a). The mean weights of
15 mineral soil samples, (each 11.35cm® in surfsce ares and
3cm. deep) are shown throughout;the extraction, indicating

the rste of vater logs from the;éamples.
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Fig. 7
The temperature gradient tin Centigrade degrees s) in. a mineral
soil sample throughout the extraction in the high-gradient
'apparatus. The positions of the recordlng points (A, B, and
C), in the so0il sacple are indicaued in the inset,_and the

heating voltages ere shown.
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mineral soil, and in particular the cark colour of peat when

wet and its porous nature. '

Table 10. Temperature gradlents recorded in séil samples in
the high gradient extractor. Each figure is the

mean of four readingse.

Temperature gradient Temﬁerature,gradient
Extraction (centigra@e degrees) in (centigrade degrées) in
stage . 3 em. in mineral soil. 3 cm. in peat soil.
4t 24 hr, 13.2 1900
At 48 nr. 43,9 B . 53.0

At 72 br. | 674 AR ¢ % (

2., Humidity := _
Macfadyen (1962) has shown that in the'high gradient
" cylinder extractor there ié'aleteepvhumidity gﬁadient'fhrough.
out the extraction, which-results.in'condenaation occurring
below the level of the gaﬁplg in the collecting cenister. A
relative humidity of approximately 90-95 per cent'exiaté
just ﬁeiow the sample (Macfadyen, 1941).

The humidity gredient in the extractor used in this
study was not measured, but notes on the candition pf:15”
soil samples each 3 cm. deep during a normal extraction are
given below: ..

i, After 24 hours extraction the semples were drying

- out at the upper surféce nearest'the-hgating bulb.

The lower vegetation surface was extremely mbist,
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more so than when the samples were first placed in
the extractor. Heavy condensation hed appeared on
the walls of the collecting ceanister, well below
"the level of the sample. | |
1. After 48 hours extraction the aoillsamples had
thoroughly dried out at the eufface, and tha lower
vegetation surface was drier than_at.2h hours, -
although still remaining damp. Condensation was
present on the walls of the_collecting caniater.
1ii. After 72 houps.of e#tfaction the samples were come
pletely dried out. A small amount of candénaation
remained on the walls of the colleating caniaters.
The mean rate of watepr ioss from 15 samplés of minerai
soil during a three day extrabtioa is plotted on Figure 6.
Little water 1alloét from the samples during the first
extraction period (0-24 hours), but thereafter there is a
sfeady loss of water up to the ead of the extraction prdcass
at 72 hours.
3. Emergence of fauna :- _ ,
The energence of the fauna from the soil samplea in
the high gradient extractor is shown in Fig. 8, The values
are the percentages of the total number of animals extracted
from 15 sample units. The samples were of mineral soil from
the Limestone Grassland site, each eample was 1l1.35 cm? in
surface area and 3 cm. deep. The extraction pattern of the

Acarina was different from that of the Collembola. - There was



| Pig. '8;

The emergence of the fauna from mineral scil samples during
the extraction process in the high-gradient apparatus. The .
total number of each animal group extracted from 15 sample’
units (each 11.35 cu® in surface ares and 3 cm. deep) is
shown below the gréup name. The'histograms indicate;the'
perCentages of the total of each‘animal.group extracted, per
12 hour period. fThe heating,volfages were'incraaéed evef&

2l hours as in the normal extraction régime.
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a main peek of emergence (58 per ceﬁt) of Collembola during
the period 24-36 hours of the extraetion, whereas'only'25-
per cent of the mites emerged over the same peribd;' The
majority of the Acarina were extracted over a longer time
(24-60 hours) in the extraction process. For both groupe-
there was an initial emergence of 10 per cent of the total

fauna in the first period (0-12 hours).

The Cryptostigmata emerged in their higheet'nembers;
during the 24-60 hour period of the extiraction. The emer-
gence of the Mesostigmata was confined to the'earl& stages
of extraction from 0-36 hours. The Preetigmeta emergence
peak was between L48-60 hours, when 70 per cent of the total
numbers were extracted. Thus there was a different pattern
of emergence for the aseparate groups of the_Acarine.'

The majority of juvenile forms of the Cryptostigmata
emerged during the 24-36 hours of the extraction 1ﬁ.greateet
numbers (39 per cent of total), slong with the foliowing :
species: Achipteris coleoptrata, Pelops plicatus and repre-
sentatives of the Oppias-Suctobelba group. Platxgothrue
peltifer, a moiet ure loving species, emerged early in the
extraction (39 per cent of total numbers in the 0-12 hour
period). Specimens of Nanhermannia nana emerged 1n greatest

numbers during O-12 hours and 2&—60 hours of the experiment.

Tectocepheus velatus had two emergence peaks: 2 h-36 hour
and 48-60 hour period. ' | '

The majority of Trachxtee' iformis, glediecue-minimg,
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P r'sitid e, snd Zerconidge ;eft the samples during the 2&- |
36 hour extraction period,

It is impossible to separate fhe effects of heat and
desiccation in the extracfion process. It has been sﬁggested
by Nef (1962) that.with most specles of'Acarina the peak of
movement out of litter in a fullgren—funnel appeered to be
related to the degree of desiccation. Species such as
Tectocepheus yvelatus end Oppia were definitely influenced
by temperature in the latter study. The bulk of the Acarina
left the samples in the present study in two main groups
during the 2L4-36 hour and h8—60 hour extraction periods,
when the rate of water loss from the samples was'increasing
(Pig. 6) resulting in a 1owefing of the relative humidity
within the soil samples, and when there ﬁes a sharp develop- .
ment in the temperature gradient withln the samples (Fig. 7).

L, T-‘ff:lc:lenc:)r of high gradient extractor &-

The efficiency of the apparatus used in the study was
'tested by placing live mites into sterile soil samples and
extracting over a normal régime. Fifteen samples of mineral
s0il were used, each 11.35 cm « in surface area and 3 cm.
deep. The soil samples were first sterilised in an air oven
for three days at a temperature of ld5°C to kill the fauna; -
and then aliowed to recover by eoaking in tap water for
three days. The water content was made as. near as pessible

to that in the field. Into the vegetation layer of each
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sterile soil éample were placed 10 live mites. After the
lapse of one hour, the sampiés were placedlin the_extraétof
as normal '‘and extracted. The numbers and percentége recovery
of the fauna are shown in Table 1I. Adult specimens only

'wére used in this experiment.

Table 11l. Recovery of Acarins inserted into sterile soil

éamples by the high gredient extractor. The
figures are the total number of speclimens for 15

: 2
samples each 11.25 cm'. In surface area &nd 3 cm.

deep.
| o Percentage
Group Number 1ntrdduced. Number recovered...recovery.
Cryptostigmata - 90 : 59 | 77
Mesostigmata LO ' 34 | : 85
Prostigmata 20 11 - 55
Total Acarina 150 114 76

The high percentage recovery of the Mesostigmata may be
due to their greater mobility. It should be stressed that
these figures are only estimates of the efficiency of the"
high gradient extractor end should not be reéardqﬂ'aélébtual

"~ efficiencies for the groups tested. Extraction efficiency
4s influenced by several faétors as Murphy (1962) has shown
with the split-funnel extractor using samples from heathland

8o0ils.
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f) The Flotation Extractor @

¥orris (1922), Ladell (1936), Salt and Hollick (19LL)
snd Raw (1955) have designed and developed flotation methods
for separating arthropods from minersl soils; Murphy'(1962),
Raw (1962) and Macfadyen (1962) have reviewed flotation
extraction methods for scll animals. o

Flotation methods are based on the_principle that
organic materiesl floats in a_solution of specific_gravity
of 1.2 such as magnesium sulphate, whereas mineral matter
sinks. These methods are clearly of little value when it
is required to extract micro-arthropods from éoils of high
organic content such as peat or forest litter. ﬁale (1962)
has developed a flotation extractor for use on peaty'soils,
and full details of the design bf the apparatus is given
in Hale (1962). This extractor employs the principle that
plant material sinks in water when boiled at room tempera-'
ture under reduced pressure., The micro—arthropo@s are
brought to the surface of the water by the hydrophobic
nature of their cuticles, and by subsequently bubbling air
through the liquid.

It wae decided to test the flotation apparatus, which
wes developed primarily for the extraqtionjbf Collgmbolal
from peat soils, and to determine its efficiency for the
extraction of Acarina from the same soil type. |

The design of a single unit of.the flotation extractor
is shown in Fig. 9, and in Plate 14, Plate 13 gives a



. Fig. 9. _
A single unit of the flotation extractor showing the parts

described in the texte.
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- Plate 13, -~ |
A éeneral-view of:the fiotation extraétion appafafﬁs, showing
£he.201éx#raétor units.. The mdtbr'for'driving the'stifrers .
_ cen be seen at bottom right, and in front of it 1is the_
aeration pump. A time switch'which copt:bls.the.stirfihg*-
end ameration is also etuated at the bottom right. At top
right can be seen the reservoif which supp1ies water to the

extractor units.






Plate 1k.

A close up view of a single éxtractdr unit of the flotation
apparatus. The Mhor's clip which is used to regulate the
flow of air into the apparatué can be seen at the top left.
The silver steel driving rod, carrying spiral gears, can be
seen running in 'Tuffnol' bearings along the top of the
apparatus. The sieve for trapping the extracted animsals is ‘
 conta1ned in the brass cylinder situated in ’t.h=a filter funnel
to the waite pipe.
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general view of the apparatqs whiech consists of 20 units.
The stirrers were driven by an electric motor (bottdm_right
of Plate 13) by means of aspiral gears fitted at regular
intervals along each of two silver_steél driving shafts with
"Tuffnol’ bearings.'=A-vacuuh pump (bottom right oflPlate
13) supplied air to the extractor units. | |

The procedure for extraction was as fo]lows.

A, The soil sample is first washed through two sieves
(each of 10 apertures to the:square inch) with tap water
jets to bresk it down, and the washings are then introduced
into a two-litre flask fitted with a sidearm (Fig. 9).
B. The flaesk is corked securely, connected to a vacuum
pump, and.the contents boiled under reduced pressure at
room témperature for 3d secopdso
C. The flask is then comnected to the rest of the appara-
_tus as shown in Fig. 9 and Plate k. |
D. Water is run in through A by means of tap B from a
reservoir (top right of Plate 13) until it reaches level L.
It is recommended to maintain a low level of liguid in the
column C to prevent ;oss of miero—arthropods from the top
‘of the apparatus. |
E. Air is blown in through aerator D in a stream of very
fine b;bbles. The stirrer E stirs for a period of one
- minute in every period of five minutes; this is achieved ﬁy

mesns of a time switch (boﬁfom right of Plate 13).
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F. At hourly intervals the level of the water in tube C
is raised so that the flcocating materisl passes over into
tube P and'thence into a fine mesh sieve G of 360 mesh
phosphor~bronze (eperture: 0.042 mm.). The water passes

through the funnel H and into a waste pipe which runs the

length of the apparatus;

G. Alcohol (75 per cent) is spfayed into ¢ to kill the -
micro-arthropods collected there.' The faune is removed
from the sieve at hourly intervals by washing with alcohol
into a collectlng veseel.,

H. The level of the water in tube C is then returned to
the level L by lncreasing the rate of bubbling through the
aerator D. This is carried out by releaeing the lhor's
clip on the alr inlet at the top‘of the'extractor unit, (tQ§
of apparatus in Plate 14). On retightening the clip the
water level returns to level L.

It wae determined by Hale (1962) that the optimum
extraction time for Collembola was five'hours, raising the’
water level hourly., The same procedure was used in the
present experiment. |

The flotation extractor was initially tested ﬁy placing
a known guantity of arthropods in water in one unit of the
apparatus and extracting for five hours, raising the water
level hourly. The results given in Table 12 shew that there

was a high percentage recovery for the ! carina, and the
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-Cryptostigmata were recovered with s greater efficiency then
the Mesostigmaté. A recovefy_efficiency of 98 per cent for
Collembola has been shown by Hale (1962), and the low
recovery of this group in the present study may be due to
the suthor's unfemiliarity with the Coilemboia.

Table 12. Recovery of arthropods from water after pressure

reduction and seration for five hours in the

flotation extractqr.

Number Number Percentage
Group introduced  recovered recovery
Cryptostigmata 100 98 98
Mesostigmata 36 32 89
Total Acarina 136 130 96
Collembola 60 49 - 82
Araneida v 2 50
Pseudoscorpionida 5 L 80
‘Diptera = Adults 3 2 67
" - Larvae 8 7 87
Cole9ptera - Adultsv 9 6 67
" - Larvae 21 15 71

g) Comparison of high ggad;eht gnd flotation extractors :
. A comparison of the Tullgren-funnel and a modified

Salt and Hollick flotetion technique for extracting Acarina
from mull and moder woodland sites has been made by Satchell

eand Nelson (1962). There was no significant difference
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between methods for numbers of Acarinalrecovered from the
mull site, but on moder, the number extracted by flotation
was hh per cent greater. The flotation method used was more
effi;ient in extracting Scutacaridae, Steganacarus magnus
and hypopi of the Astigmata from the moder site. The
numbers of Nothrus silvestris and Tectocepheus velatus

were significantly greater in the fuﬁpel extractions from'
the moder site.

A comparison of the flotation and high gredient extrace
tion methods was made simultaneously on peat samples from
the mixed Calluna moor and mineral sqii éampies from the
Limestone grassland. Fifteen sample units each 11.35 cma;
in surface area énd 3 cme. deép were usea for each.extfacQ
tion method from each site. ;The samples wére collected on
12 November 1962 and the extractions were bééun on the same
day. The data are compared in Tables 13 and 14, and the
significance of differencés between the means pesult;ng frqm
the two extraction methods is tested using the standsrd
error of the difference. |

There was a significantly greater mean number of Acarina
extracted by the high gradient apparatus than by the flo-
tation method for both the peat and mineral soil. This wés
almost entirely caused by the ngptggtggmgﬁg, which were
extracted in significantly higher numbers by the high
gfadient extractor than by fiotation. The Jjuvenile forms

of the Oribatel showed a siiilar difference. The Mesostigmata



Table 13.

gradient and flotation extractors.

Comparison of the efficiency of extraction of Acarina by the high -

Peat samples from mixed Cgllunsa

moor, 12 Novembeg, 1962, The figures are the means of 15 sample
units each 10 cm . in surface area and 3 cm. deep.

Group or Specles

Acarinsa

Mesostigmata
Cryptostigmata
Prostigmata
Astigmata

'ngabodes mgrginatus
Carabodes minusculusg

ZPlatynothrus peltifer
Nanhermannia nans
Oppia-Suctobelba

| gggtdcepheus‘xg;gggg

Chamobates schutzi

Melanozetes mollicogis

Phthiracgrus ligneus
Juvenile Cryptostigmata

Parasitidae

Mean of 15 sample
units from high units from flo-
gradlient extractor tation extractor
(A) (B) -
108.54 53449
L.05 - 6.5
103,19 L47.04L
1.29 0.0
0.0 0.0
3.64 0.74
734 L.21
0.82 0.80
2470 2.54
1.82 0.0
9.22 3021
5035 1.60
1,70 0.0
. 0.6YL4" : 0.70
68.13 - 33.24
J.4l L.82 .
Note: N.S. = Not significant.

Mean of 15 sample Difference

between means
(A-B) and S.E.
of difference

55005 _-t 21012

"20’-‘-0 : 1050
56.15 & 20.49
1.29

2.90 1
7.56
0455
1,03
0,75
381
1.48
1.02
+ 0.74
34.89 4 1h.26
=l.4l + 1.22

1092.'

Probability

<0,01

N.Se.
<0.01
N.S.

N.S.
N.S.
N.S.
N.S5.
<0.02
N.S.
<0.02
N.S.
N.S.
<0.02
N.S.

*ol



Comparison of the efficiency of extraction of Acarina byl the high
gradient and flotation extractors. Mineral soil samplee from the a
Limestone grassland, 12 Novemper 1962. The figures are the means

of 15 sample units each 10 cm . in suri_‘ace area and 3 cm. deecp.

Teble 14,

Group or Species Mean of 15 sample Mean of 15 aam‘plé Difference Probability
units from high units from flo- hetween mesns
gradient extractor tation extractor (A=-B) and S.E.
. (A) - (B) of difference

Acarina 74.65 25.53 49.15 3 8.71 <0.001
Mesostignmeta | 14,62 9.87 5,15 & 1.92 <0.01
Cryptostignmata 34453 11,15 23.38 £ 5.96 <0.001
Prostigmata 25,49 4o 51 20.98 + L.53 <0.001
Astigmata _ 0,0 0.0

Carabodes marginatug 0.53 ' C.0 0.53 4 0.60 N.S.
Pletynothrus peltifer 1.06 | 0450 © 0.56 ¢ 049 . N.S,
Nenhermannis nans 1.47 0,51 0.96 + 0.59  N.S.
. Achipteria coleoptrata 1.52 0.54 0.98 & 0.54 N.S.
Oppig-Suctobelba 2,18 ' 1,12 1,06 3+ 0.84 N.S.
Pelops plicatus 2.93 1.46 1.47 £ 0.93 N.S,
Tectogepheug velatus , 2.82 1.40 1.42 4 0.94 N.S.
Juvenile Cryptostigmate 20,20  5.62 14.58 3 3.69 <0.001
Parasitidae | 3411 2.81 . 0.30 £ 0.77  N.S.
'Trachytes pyriformis " 3.58 2.00 1.58 4 1.16  N.S.
Olodiscus minimg 240 : 1.19 1,21 4+ 0,57 <0.05
Rhod_ocamé roseus 1,58 0.70 0.88 3+ 0.66 N.S.
Zerconidse 3,76 0.0 3476 <0,001

Note: N.S. = Not significant.

1l
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were extracted in eignifﬂéahtly higher numbers by the high
gradient apparatus than by flotation from the mineral soil
samples, but not from the peat; The meaﬁ.numﬁerfoﬂ
Mesostigmata extracted from peat was higher by flotation
then by the high gradient method, but the means were not
statistically gignificant. For the Préstigmata,nthéfé was
no significant difference between‘the means obtained by the
two methods on the mixed moor samples; but the high gradient
apparatué was significantly more efficient in extracting
this group from the mineral soil.

The-high—gradiont—anpadatus—ws6d—was—abanifigentls
- Bong—officiont—in-sxtnestingthic sesup—fron—the-nineved
soid, ' | |

The high gredient apparatus used ﬁas significaently ﬁore
efficient than the flotation method for extracting}Zérconidag

from the mineral soil, énd Chamobetes schutq; and species

of the Oppis-Suctobelba gfou@ from peat soil.

In this experiment there wés not s single instance of
the flotation method being more efficient. than the high’
gradient apparatus for extraéting Acarina from peat and
mineral soils. This was‘to'be expected from-minerél soil
as the flotation method was developed primarily for peat
substrates. It may be conclﬁded that the mean number éf
Acarina extracted by the higﬁ gradient spperatus is 34 per

cent greater for the peat soil end 50 per cent greater for



the mineral soil then the mean number extracted by the

flotation method.

73.
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VI HORIZONTAL DISTRIBUTION
a) Introduction :

It is known that meny soil animals show 8 patchy spatial
distribetion. The animals which are grouped together in a
relatively high density are termed an aggregation. As
Elton (1949) has pointed out, this type of distribution is
to be expected of animals living in a heterogeneous environ-
ment such as the soil. Aggregeted distributions have been
observed in various so0il animal groups :=- Nematoda: Overgaard
(1948), Banage (1960); Enchytraeidase: Nielson (195&5, Peachey
(1963); Lumbricidae: Satchell (1955); Symphyla: ﬁd’ﬁierde
(1955); Protura: Raw (1956); Collembola: Glasgow'(1939)!
Fellese—{3052), Poole {1961), and Hughee.(1962); Acarina:-.
Macfadyen (1952), Hearlgv (1960), Hertenstedn (1961), and _
Nef (1962). No examples of random distributions in soll
animals have been recorded,

. 'Macfadyen (1952) was shown a'larée sealevuniform
distribution of mites and Collembola within'planﬁ.typee of
afﬁg;;g;g fen, end a small scale patchy distribution by
paired samples in the sanme hﬁbitat.- The degree 6: aggre-
gation of Protura in grasslaﬁd soll hes beeﬁ shoﬁn by Raw
(1956) to be independent of the population density.
Hartenstein (1961) concluded that the negative binomial
distribution afforded the best fit to. the dietribution of
micro-arthropods in forest soils while Nef (1962) and
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 Debeuche {1962) have similar results for the distribution of
species of Cryptostigmata in woodland litter. PFor calcu-
lation of the frequency values of the negative binomial
distribution, a value x is replaced by (x+k), k being esti-
mated by the method of Bliss end Owen (1958) or from the

estimated mean (m) snd variance (gf) as
k = m? /'(e2 -m) ! .
Thus the negative.binomial approaches the Poisson distri-
bution as k becomes iarge. | | |
There are three methods available for the study of
aggregation in soil animels: 1 '
1. The complete ennmeration'followed by mapping of all
animals to a known depth'of goil, as used by'Salt and
" Hollick (1946) for the'sﬁudy of wireworm populations.
2. The use of the paired sampliné'techniqge (Rughes, 1962)
to estimate the mean radius and the number of animal
aggregates. " . A
3. The analysis of the results of random sampling.l
In the present study the data from random sampling at
Moor House have'been analyaédland the results are given below.
The purpose of this attempt hﬁe been to detect the presence
rather than to asnalyse the degree of.aggregation with
- precision. Such an analysis, although incomplete, is valu-
gble and may help to clarify the ecological processes

operating on the organisms, when related to c¢ther factors
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such as environment and their ﬁiology;
b) Methods of study and results T
(i) The detection of aggregation by the coefficient
of" dispersion. | | |
Fisher's coefficient of dispersion or thé relative
variance, which was used to determine whether the animals
were asggregated or not, is the ratio of the varieance and

the mean and may be expressed :=-

2 2
C.De = Z (Eg) - or 8
.i(n-l) X

Vhere x is the number of in@ividuals from each sample

unit, X is the meen value of the sample.uhits, n is ﬁhe
. number ofAsample‘units,Aand‘g_2 is the variance. |

" When. the coefficient of dispersion is <1 there is an
even distribution (or oveerispersion); when it is equal to
unity there.is a random (or Poisson) dis;riﬁutiop; and when
. 1t 18> 1 there is aggregatiLon: (of under disper.sion). The
divergence from unity is regarded as significant if it

1 ¢ 2 / 2n
| (n=-1)

where n is the number of sample units. In the present

exceeds

study, where samples of 15 units were used, this value is
Greig=-Smith (1952) has emphasised the 1mportan6e of

quadrat (or sample unit) size .in any study of aggregation,
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A sample unit which is either too large or too small may
give a false 1mpressién of a ran&om'population. Thus there
is for any popﬁlation an optimum sample unit size fér

detecting aggregation, which can be determined by taking

sample units of varyingfsizg.

The coefficients of dispersion were calculated for
Acarina from twe sample sltes: Limestone grasslénd and mixed
Calluna moor, and these are given in Tebles 15 end 16, For
the totel Acarina the coefficient of dispersion was-signi;
ficantly greater than unity in all cases, On a single
occasion (17 July 1961; Limestone gresslznd site) the co-
efficient of dispersion for juvenile Cryptostigmata was not
significant; Haarlgv (1960), using a similar sample size
(:10 cm?) as in the present study, calculated the mesn co-
efficient of dispersion for the Qppis spp. group in pasture
over one yesr to be 14.0. The mean annual value of the co-
efficient of diapersion for fhe group at Moor Houée is low
compared to this value and rénges from 2.0-3.5 on the study
areas (Tables 15 and 16).

The coefficients of dispersion for total Acarina show
a marked aggregated distribution'within the size of sample
uséd, which suggests that twc or more species have aggre-
gations in the same places. If this were not so, the
different species'aggregations would teﬁd to balance éach

other and result in 2 near randpm distribvution. It is
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Taeble 15. Coefficlents of dispersion for Acarine from the Limestone |
grasslend site. 15 sample units each of 1%.35 cm . in
surface area were collected'dn all dates. Coefficients
of.dispereionlwhich do.not gshow significant aggregation’

are indicated x.

[+] [
‘; g ] | (1]
B B E = 3 o
o o~ 0 a0 3 . o
$ 08 W -l : 5 @
8 o A6 3 oYy & 1 | oo oo
eete 3% SR BB 9 9 43 89 F S &8
Date < 858 88 83 &Y S &9 o o4 @
164 1.61. 13.7 6.4 5.2 1.5% 2.1 0.9% 5.3 u;si bl 5.2
13, 2.61. 8.6 7.6 10,0 1.5% 2.2  0.8® 4.9 1.7% 3.0 1.6%
13. 3:61. 665 Te7 5e2 2.2 5.2 1.0% 1.6% 0.9® 2., 0.0
10, L.61. 5.7 5.6 L.2 1.3® 1.7% '1.7% 7.0, 1.3% 1.7% 2.9
8s 5461, 501 Lol 2.5 bk 1.4% 0.7% L2 2.1 1.6% 1.0%
By 6e61e ° 349 3.8 3.0 3.4 1.0% 3.5 2.9 1.8. 3.0 2.5
17 7+61. 6.6 4¢9 1.6% 1.6% 1.5% 2,2 2.8 1.1T 2.6 2.7
28. 8.61. 9.4 9.5 6.9 2.4 1.3® 1.0° 3.4 2.0 1.9 L.
25, 9,61, 5.5 6.9 5.2 0.6 7.6 2.5 7.1 - 1.3 0.8% 2,1

23,10.61.  13.9 11.0 7.0 3.5 1.1% L.2 6.  1.4% 1.9 7.5
22.11.61.  15.8 15.9 12.2 1,3 2.0 1.5 L.6 '1.0% 1.2 3.4

11.12.61. 8.1 4.7 2.0 4.di 2.1 3.3 3.2 1.2% 3.4 1.4%
Mean 8.6 7. 5.4 2.3 2.4 1.9 L5 1.7 2.3 2.9
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Table 15 (contd.)

4] (]
® = .
& g o - o
. ot i 42 ' Lo
¥ 0P ~ e . o :
[} . ] @ - -0 Ol ® B +3 O |
: ) (=] 0 - 0 = fq : od ojof - 4]
Species. Tn TR Bh 49 & @ ) olv
o8 2B BB HY = g8 2 I I
Dste 3«: go RO 2 mo, zis " A A
15. 1.62.  19.4 22,1 32,0 3.4 3.4 1.00 U.2 L1.3% 6.3 3.9
13, 2.62, - 11.9 9.6 5.0 1.8 |1.5” 3.7 3.2 3.3 3.1 4.7
'. 20. 3.62.’ 9.9 6.8 201 0.82 l.?x 5.8 2.8 2.311.5 2.1

30 4,62, 111 9.4 3.5 2.2 4.2 3.1 5.0 1.LF 5.8 U5
3. 54620 11,1 4.5 2.8 4.0 1.8 1.9 6.9 - 1.6® 2.9 1.0%
L. 6.62. 3.8 5.6 3.5 1.9 5.0 2.5 bhe2 2.1 1.0% 1%
3. 7.62. 8.7 6.1 2.9 0.8% 9.0 8.1 3.5 2.1 1.5 1.8
| 7. 8462, 15.7 7.6 5.3 L3 2.3 1.L® 3.5 3.0 0.8% 2.6
1. 9.62. 9.7 8.4 L9 3.9 :2,3 6.6 7.7 1.9 0.9% 1.9
3410062, 3.8 5.9 b8 1.1% 3.6 2.1 2.3 1.2% 0.9% 5.7
12.11.62. 8.2 10.2 6.9 2.7 1.9 1.5% 3.3 0.5% 1.0% 5.0
6.12.62, 1.9 22,0 147 Le3 3.2 6.0 b2 34 1.3% 2.7
Mean - 9.6 9.9 7.4 2.6 3.3 3.6 -&,3' (2.0 3.1 3.1
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'Tdble 16. Coefficients of dispersion for Acarina from the mixed

. 2
Celluna moor site. 15 sample vnits each of 11.35 cm
in surface area were collected on each date. Co-

efficients of dispersion which do not show significant

aggregation are indicated =,
2 2
E% OE% .g .gl -g E o =
s & o H %3 3 34 &9 $
pecses 3% IR BE "R I
pate 2% &8 33 A9 &g & S5 &g g8
23. 1.61, u.j' 4.2 13,6 1.1% 6.0 0.6% 2.0 1.4% 3.0
20, 2.61.  25.2 25.3 5.3 3.3 5.9 1.0% 5.3 2.1 2.0
13, 3.61.  37.9 38.6 5.5 a6 7. 0.8% 5.5 6.9 2.2
8. L.61, 7h Tt 5.5 3 337088 55 ko
14, 5.61.  30.9 31.5 7.8 3.8 8.2 0.9® 3.8 13.5 9.1
5¢ 6.61.  31l.1 33.8 7.5 b5 5.6 2.6 5.3 8. L0
7. 7.61. 17,9 18.8 8.9 3.2 2.0 L.0 2.1 0.9%* '3}5 3.2 144
6. 8.61. 16,2 16,8 21.3 1.0% 7.0 6.7 5.4 1.0% 9.0 2.9 3.5
25, 9.61. 3048 34.3 6.1 2.7 1.6 8.0 11,0 0.8% 8.0 1.5% 5.1
B3.10.61.  14.1 14,3 8.0 0.9% 1.6% 3.1 7.9 0.9% 2.1 9.5 Lo
B0.11.61.  11.5 11.8 12.5 2.5 1.5% 3.0 12.5 1.4% 1.1 6.8 1.0%
11.12.61. 24,1 24,9 25,6 2.5 2.0 1.7 7.9 0.05.2.9.° 2.3 7.5
l  vean 20.9 21.8 9.8 2.0 2.2 4.0 7.8 1.0 4.5 5.2 5.1
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Table 16 (contd.)

o o
T & @ &
B & 8 3 2 @
wd A . O rsi I .ag )
+ Qe r—~ ) & L . O +
8 o "o o8 &d & a0 98 Aw
, 8 13 g oo b () . o al o g
Species S& 35 28 BEl WA -'g“ o8& E
o0 (o} =3 & = = L g [ La E
Date Bg HO RO o] &= al -olgf Ola
15. 1.62. 14.5 14,6 16,6 1.8 1.7 2.5 9.9 1.9 2.8 5.9 3.1
13. 2,62,  33.3 35.7 66.7 2.9 1.6 3.4 7.h 1.,5% 10,0 2.0 2.9

0. 3.62. . 5.2 L.8 ‘5.2 6.0 0.,8% 1.3® 4.9 1.2% 8.3 2.5 6.5
3. bo62. 16,9 16.5 13.2 1.0% 1.,3® 5.1 5.2 0.4* 5.4 7.1 1.3%
3. 5.62. - 21,3 20,7 14.0 L3 0.7% 2.1 12.7 0.0 9 2.6 U4eb
b 6.62. = 31.8 33.4 3.7 5.8 15" 2.0 6.2 1.0% 5.0 3.5 2.4
3. 70620 3641 37.9 8.1 3.5 1.2% L3 7.3 1.3® 5.5 4.0 12.6
7. 8.62,  B87.0 93.8 7.4 2.7 3.5 3.7 b3 127 12 1.6% 5.3
1o 9.62. 7649 77.5 W7 3.7 3.8 3.0 1l.2 147 6.6 - 7.3 15.0
3010.62.  32.5 32.2 13.0 Le5 3.0 6.1 5.6 2.6 7.1 4.8 L8
2.11.62.  36.1 36.8 26.3 LeO 2.8 2.8 15.8 2.3 6.0 4.5 11,7
6.12.62..  30.1 31.3 37,5 2.5 1.8 5.2 10 2.4 0.9 6.5 11.0
Mean . . 35.1 36.3 2k 3.5 "2.6 304 8.4 Lo 6.6 LA 6.8
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interesting'to note that thé total Aearina showed a much

~higher coefficient of dispersion on the mixed moor than oﬁ
the Limestone grassland., This can be attributed to the

more uniform nature of the planf cover on the latter site,
compared with the mixed moor_which had a relatively varied
plant cover.

At times during the two study years (Tebles 15 and 16),
the Oppis-Suctobelba was not aggregated with respect to the
slze of sample used. Flatynothrus peltifer and Nanhermannis
nana are species which show similar results. It appears to
be a conslstent feature of the Parasitidae to show a non-

- aggregated distribution with regard to the sample size used
on both the sites 1nveatigatéd. It should be pointed out
that a non-significant result can never estsblish randomness
with any degree of certainty. It may be that an gdtﬁal-
departure from randomness has occurred which is too small
to be shown up by the amount 6f sampling underteken; or even
that some different type of non-~randomness is present for
which the coefficient of dispérsion is ineppropriate.
| The contention of Haaldv (1960) that the better the
locomotofy 6rgans are developed, the less agzregated is the
distribution of the species in question, is not confirmed
by the data from the present study. The slower moving
Oribatei species such as Platynothrus peltifer, Nsnhermsnnis
nane, and Pelops planicornig have similar coefficients of
dispersion to the Parasitidae in 1961 on the Limestone grass-~
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land site. The Pgrasitidae are a very active group with
well-developed powers of locOmotion.

It can be seen from Tablee 15 and 16 that there is a
seasonal variation in the coefficient of digpersion for

individual species and total Aéariha. A comparison of the

coefficients of dispersion from Tables 15 and 16 with the
population density on the same Moor. House Sites'in Flgss

.15 to'19 (facing pagesa 157 to log), shows that high values of

. the coefficient of dispersioﬁ were obtained when the popu~-
lation density also was high. ‘This is so for both the total
Acerina end individual species. The peaks of high values
of the coefficient of dispersion coincide with the spring
and gutumn peaks of gbundance of Juvenile forms. This may
be due to two factors: firstly, there is an sctual increese
in the degree of sggregation by the grouping of large
numbers of newly-hatched juveniles, or aecondly, the co~
efficient of dispersion has increased becausec the mean den-
sity has increased. The cc-efficient of dispersion has
been shown to incresse with the mean density of plant species
in Prairie vegetation by Clapham (1936). PFrom Fig. 10 the
relationship of the mean denaity (in ftousands per square
metre) to the coefficient of dispersion values for tétal
Acarina on the two Moor House sites can be seen. It ia clear
that the coefficient of disperslon increases slowly with the

mean, until densities of between 50 and 60 are reached, when




- Pig. 10,
Graph showing the relationship ofvthe values.of,thé coefficient
of dispersion to the'meqﬁ denéity per sample for total-Acariné.
The mean density is expressedlin thousands per squere meffe.
The samples wefe from two Mdor House-sites: the Limestone
grassland (@ ) and mixed Gélluna moor (X }, collected in 1961
and 1962. The trend line was dfawn in by eye, and fhe'Poisson

line (variance equal to the mean) is also indicated.
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the coefficient of diepersidn values incresase steep;y ﬁith
the mean values. The distinetion, therefore, between a real
increase in aggregation of_fhe individuals of the pbpulation,
and the sﬁggestion of an increase produced.by a higher mean
density, cannot be determined by the methods used in this
study. Howéver, the coincidence of high values of the co-
efficient of dispersion with the presence of quenile forms
in the population, suggests that there is a real increase

in the degree of aggregation.during the spring and sutumn
breeding périodsf | j ' '

At high mean densaitiles (F;g‘ 10) of BO‘ﬁites per square
metre end sbove, the meen end the coefficient of dispersion-
become independgnt'of one another, This also was true of .

- the plént species studied'binlapham (1936). Using @
logarithmic ﬁransformation of the data resulting from'coﬁnts

~ of Protura extracted from graéSIand.sﬁil, Raw (1956} has

. shown the degree of aggregation to be.independent-of the
population density, and-haa'ﬁﬁégested thet s}ow dispersal
from centreé df reproduéfion mey be the csuse of such
aggregations. '

‘The coefficlents of dispersion have been calculatéd
for total Acarina and also the common species on fhé-Juncus
sguarrogsus, Nardus stricta, and the erosion srea sample
gites at Moor House,'and they show a similar pattern io the

results from mixed moor and the Limestone grassland.
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(ii) The frequency distribution.
Comparison was made of the sample.unit values of total
~ Acarina from the two sdil types with the normel distribution
curve, The sample unit valués were grouped into frequency
distridutions round their individual mesns, with multiples
of the standard deviations aé the class boundaries. The
mean value was taken as O, negative standerd deviation classes
contained frequency values for sample units smaller than the
mean value; snd positive staﬁdard deviation classes contained
grequency values for semple units greaten.than the mean
value. The deta for the two‘sample sitee are shown in Tables
17 end 18. In both cases there is a significant dﬁfference
(P<0.001) from the expected normal disteibution, and two
features are'noficeable¢ Eirstly, an excess of values ﬁelow
the mean in the -1 standard deviation class, and a lack of
balencing values above the meaﬁ in the + 1 standard deviation
class. Secondly, a teil of a smell percentage of relatively
large positive values (greatef than + 2 sﬁandard'deviation
' _class), and a much steeper fall off on the negative side.

~ The data presented here show.that the total Acerina
were from a non-pormal distribution. Thé frequency distri-
bution shows that theré is & random distribution withla'few
discrete aggregations of individual species superimposed
upon the basic pattern. -

Skewed distributicns of this typé have been recorded
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Table 17. Frequency distribution of the sample unit values
- about the mean (0) of totsl Acarina. Limestone

grassland 1961=-62,

Standard ' _
- deviation =4 =3 &2 <1 0 1 42 +3 +
classes : .
Date
" 13e 2461 o} 0 1- 7 6 0 1l 0o
130 30610_ 0] 0 2 6 l& : 2 1 0
10, L6, 0 O 1 €& 3. 2 0 O
8. 5.61. 0 o 3 6 3 2 1 0.
5¢ 6,61 0O .0 2 5 5 3 0 0
17. 7.€l. ) 0 2 6 L 3 0 0
28, B.61, 0 0 1 & 4 1l 1l 0
25, 9.61. 0 0 2. 8 '3 1 1 0
22.11.61. 0 0 1 6 6 1l 1 0
11.12.61. 0 0 l [ 5 2 b R ¢
15« 1.62, ° 0 o) e 8 3 1 l 9]
13, 2.62. 0 0 3 L 6 1l 1l 0
20. 3.62. 0 o) 1 9 3 1 1 0
30 Ueb2. 0 18] 3 6 3 2 1l 0
L. 6.62. 0 © 2 6 5 1 1 0
3 7.62, 0 0 0 10 2 2 .1 Q0
7. 8.62, 0 0 0O 8 6 0 1l 0.
1. 9.62. 0 0 2 6 5 1 1l 0
3.10.62. 6o o 3 5 L 3 0 0
12.11..62. ©c o 3 ‘2 8 2 0 0
6.,12.62. 1 3 2 L 1 2 1l 1
Totel 1 3 41 152 105 35 19 1
(Observed)
Total
(Expected 0 8 49 122122 49 8 o
Normal) - —
1 .
~><\ 2.0 1.3 7.4 2.4 4.0 18.0

Total Xz = 35.1 | d.f. = 6 P<00001
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‘Peble 18. Frequency distribution.of the sample unit values
about the mean (0) of total Acarina. Miiéd‘
Calluna moor 1961_62; ' '

Standard

deviation =l =3 =2 =l .0 +1 +2 +3 &
classes . : _ . .

: Date

23-. 1.610
200 2.61.
13.-50611
18, L.61.
. 5.61.
5. 6961«
17, 7.61,
28, 8.61.

11.12.61.

15. 1062.
13. 2,62,
20 3.62¢
30 ’4062.
30'5962.
L, 6.62,
3o 7"620'
T« 8.62,
l. 9.62.
3.10.62.
12.11.62.
6.12.62

- Total
(Observed)
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X 0O '8 9.9 39.0 9.5 5.2 12.5
Total X = 84.1 d.f. = 6 P<0.001-
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for Enchytraeidae by Nielson (1954), O'Connor (1957),
Peachey (1963); Nematoda.by Banage (1960); Collembola by
Poole (1961) and Hale (1962),

For semple unit values of individual specles, where'a
number of sample units contained no individuals,fcompariSOn
of the distribution was made with a Poisson freqpency.l In
all bases examined the diatribution.of the species was found
not to follow a Poisson distripbution, with én excess of
high and slightly low vamilues, This 1nd1cates aggregation of
the species, as in the case of the total Acarina.

(iii) The relation between the mean per sample, the
varience, and the standard deviation.

Nielson (1954), O'Connor (1957) and Peachey (1963).
studying Enchytraeidse distributions, have used the com-
parison of the standard deviation and the'mean per samp;e to
determine the type of distribﬁtion of the sample data, and
the trsnsformation reqﬁired. A more valuable apﬁroach is
to determine the relation of the variance to the mean per
sample to show tpg.t?pe of distribution; e.g. the variance
is equal to the &ean for a Poisson. distribution. 'The relation-
ship of the variance and the ﬁean per sample obtained. from
15 sample units from total Acarina on Limestone grassland
and mixed moor is shown in Fiéa 11, The best represeﬁtatioﬁ
of trend lines have been drawn in by eye, and the Poisson

line (veriance equal to the meen) iz indicated. The slope



Pig. 11. _
Graph showing the relatlonship betwéen the mean and the
.variance of samples from the Limestone grassland (® ) and
mixed Calluna moor (XxX)- | The nean dehs;it'y of .total Acarina
is expressed in thouéands per square metre. The samples were.
collected during 1961 snd 1962, i.i‘i‘_he trend lines were drewn in
by eye, and the Poisson line (va:rian'ce equal to 't'.he' me'e'xn) is

2lso shown.
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' of the trend lines show that the variasnce increases with the
mean on both areas, but the:increaee ie not a proporfional-
one. The distribution is not Poisson. There is a rapid

incresse of the varisnce with the mean density in the mixed

moor samples, and not such a rapid increase in the Limestone
graésland samples. |
. The relationship 6f the stendard deviation and the mean
per sample of the same éets of data arelshown_in Fig. 12,
The trend lines have, again, been drawn in by eye. In
both cases, the standard deviation increases with ﬁhe mean
per semple, rapidly in the mixed moor samples and no so
rapidly in the semples from the Limestone grassland.‘ In
order to stabilise the variance and meke it independent of
the mean, a logarithmic transformation is required as in-
dicated by quenouille (1950). This would have the effect
of producing a near-ncrmal distribution of the sampling
‘data. |

e¢) The biological significence of sggregation :

Some degree of aggregation_is iypical of soil;arthro-
pods, as the soii is a heterogeneous medium. The factors
~which nay prodﬁce aggregations in soll Acarina are as
follows:~- '
ls A localisation of favourable conditions, such as food

supply, microclimate, ete.
2. The grouping of eggs laid by one adult, or by several
adults assembled during the laying period. Dispersal

" from the centres of reproduction may alsc be sSlow.




Fig. 12. |

._Graph showing the relationship fﬁetween the mean ahd standard
deviation of samp‘les.from the..‘Limestc)x1e grassland (@ ) end
mixed Callung moor (X ). The means are densities of total
AAc_zarina in thousands per squere i_netre. The samples were _,
collected duriné 1961 and 1962. ;Th;e treyid.liness have been
drawn 'i_n by eye. | |
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'3, Direct attraction between individuals.
It is probable that any or all of these factors could gcf
together to 1nf1ﬁence the diétribution of ‘Acarina and other

goil animals.
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VII VERTICAL DISTRIBUTICN

a) Introduction :

In undisturbed soils 1ﬁ temperate regions the majority -
of the micro-arthropods are concentrated in the upper soil
lgyers and overlying litter. Macfadyen (1957) has com-
mented on the fact that life tends to be concentrated at
the junttion between two phases, i.e..aif and soil, because
of the photosynthetic demends of the plents, which’ form the
primary food source. This has beer demonstrated for soil
micro-arthropods.by Van der Drift (1950), Macfadyen (1952),
Murphy (1953), Fuhnelt (1955), Wallwork (1959), and Dhillon
end Gibson (1962) who have shown that the highest densities
- of these animals occur in the upper layers of the soil pro-
file, Other stﬁdies by Weis-Fogh (1948), Elton and Miller
(1954), Haarlfdv (1955, 1960), Murphy (1955), and Klima
(1956) have shown that the highest densities of miérov
arthropods occur where the pore spacéa are largest in the
scil profile. _

The vertical distribution of mites end Collembols is |
often subject to seasonallchanges. Thus 1n.Maefadyenf§
(1952) observations, 50 per cent Sf the total mite and
Collembola fauna occurred below 5 cms depth in ﬁébruary'in
fen soil. Similarly, very pronounced downward shifts in
the micro-arthropod population have been recorded in tropi-

cal soils cdnciding with the dry season (Strickland, 1947;
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Belfield, 1956). On the other hand,. Volz (193L, 1951) found
little seasonal chenge in the vertical distribution of mites
in a forest soil. Similar.Obsérvationsgwere made by Frenzel
(1936) for the Acarina of grassland.. | o
b) Distribution of Acgring in 0-3 cm, an@_i:é_gg@_ggil

Ilgxers at Moor House s | | ' |

During the course of fiéldwqu sémples were taken to a
depth.of’s chn. on the Liméstone grassland in both study
years, but only in i962.was the mixed Calluna moor sampled
to the same depth. Six bimonthly samples each of 15 sample
units and 6 cm. deep were collected from the mixed moor site
in 1962. The 6 cm. cores were divided in the field intc two
layers each 3 cm. deep. In both the soil‘types, separation
" at this level divided the core into an upper part containing
the vegetation and decomposition layers, and a lower part
consisting entirely of mineral matter or peat pérmeated by
plant roots. It was possible to determine the extent to
which different species penetrated into the soil bj counting
the numbers of mites which wére extracted from each layer,
The data resulting from such ‘counts are given in Tables 19
end 20. The figures shown are the total numbers of Acarina
extracted from each leyer over one yéar, and onlj the more
abundant species are shown.,

As other wdrkers have ahpwn, the highest total density

of Acarina occurs in the 0-3 cm. layer. Only one spedies,
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Table 19. Depth distribution of Acarina onlLimestone grassland, 1961

and 1962. The figures ére the total numbers of Aéérina

extracted from 180 sample units per year.

1961 o - 1962
Specieé or Numbers in Perceﬁtage'. _-ﬁumbers in Percentage :
-@Group. 0-2 Che of tdtal_in ' 0-} Clls - 6f total in -
' 3~b cm. T 3-p eme
. _ IL,3-6 cm. layer . - 3-6 cm. layer
Oppia-Suctobelba 213 26.5 - 212  20.6
. - 77 - : 5h Do
Rhodacarus 1) - 79.2 13 772
L2 A inn
Lu6 1h.6. 228 25.0
7 - e -
52l 20,1 Lh3 12.4
132 %
225 - 23.7 210 32.0
70 99
ryptostignata 1793 7.0 1802 - 5.5
uveniles 135 ' 104
ryptostignata 1473 8.2 - 1585 5.8
dults 132 97
otal | 51%3 10.0 5795 . 8.0
carina 569 : ' 505 o
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Teble 20, Depth distribution of Acarina on Mixed loor, 1962.

(¥o sampies of 3-6 cm. layer were taken during

1961). The figures are total numbers extracted

from 90 sample units for the year.

‘Species or

Group

‘Ghamobgtes

gchutzi

Nanhermannia
nans

Thyrisoaa
lanceolata

Carabodes
minisculus

Cppla=
Suctobelba

Paraaitidae

Cryptostigmata'

~ Juveniles

Cryptostigmeata
Adults

Total
Acarins

Numbers in 1962 - " Percentage
0-3 cm, . of total in
3=-b cm. A

- 3-6 em, layer

202 8.6
19 _
260 18.5
99 '

' -E} 270_)4

20
;913 3.5
3 |
1 22.3
8] ' ‘
164 .175.6' :
35 |
;553 2.3
3
_:26 Lt 8«1 :
231 :
2

5.6

o)

o
o

R
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Rhodacarus roseus, which only occurs on the Limestone grass-
land, has its higher density in the 3-6 cm. layer (see Table
19). This species, according to Evans et. pl. (1961), is

a true soil form belonging to the euedaphon, which has only
been recorded from mull formations. Sheals (1957) found the
Rhodacaridese constituted L9 per cent of the Mesostigmata in
upland grassland, and was particularly abundant in the lower
soil layer. Species of the Oppis-Suctobelbe group,
Zerconidae, and Parasitidse penetrated the mineral soil tb
the 3-6 cm. level. QOlcdiscug minima alsc penetrated to this
depth, but te a different extent for eack of the two study
years (see Table 21). The Oppis-Suctobelba group was
recorded from the 3-6 cm. zZone on'both.sites (21426 per

cent of its total pumbers occurred in the lower layér).

In the mor soil of tha_péat site, small forms such as
Thyrisome lanceolats, end species of Opplia-Suctobelba
occurred in high densities in the lower layer sampled. '
Approximately 18 per cent of the totsl numbers of Nanhermannia
nene and species of Parasitidde also occurred in ﬁhe_3—6 Cme
‘layer of the mixed moor. Forsslﬁnd (1945) recorded
Nanhermsnnis nang a8 beilng more abundant in the H 1ayer
(: mumus or decomposed layer) than in the F laﬁer ( :f8rna
or fermentation layer). Coneidering the high densities of
juveﬂile forms of Cryptostigmata recorded from both sites,
‘only a small proportion (5.5-7.0 per cent on.the.Limestohe‘

grassland, and 2,3 per cent on the mixed moor) penetrated to
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the 3-6 cm. depth in the soil. Adult Cryptostigmate had
similar percentages in the lowef layer (3-6 cm.) as the
Juveniles on thé Limestone grassland. On mixed moor 2.3
per cent of the Juvenlle Cryptostigmata population and 8,1
per cent of adults occurred in the 3-6 cm. layer. Certain
of the adult forms were better adapted to 1Lv1ng in habitats
with much free water, _ |

Approximately 6 per cent of the total mite fauna pene-
trated to a depth of.3-6 em. in the peat soil, vhereas in
_the'mineral soil of thé Limestone grassland 6-10 per cgnt
of the total fauna occurred'below 3 cm. depth. This pro-
bably.reflects the relative number and size of pore spaces
available on the two arecas. The lower layer (3~6 cm.). of
the peat on the nixed moor site was weterlogged on éll of
the sample dates in 1962 (see Table 6, page 18 ). |

In Tgbled, a coinparirsonl is made between the depih
distrivution of Aéarina in two different years on the Lime-
stone grassland site. The-comparison between the samples
in different years was made by iusing 2 x 2 continency tables
$, and applying Yates' correction, With the exception of
Rhodacarus roseug and the juvenile and adult formé 6f_the'
Cryptostigmata; there were significant differences in the
depth distribution between the two years considered fér all
other'speciés or groups. However, the changes were not all

in the same direction; some species having moved up to
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Table 21, Comparison of the depth distribution of Acarina in

dirferent years: Limeatohe graesland, 1961 and 1962,

_ 1961 . 1962 2

Species or Numbers in  Numbers in | X . Pro,babﬂit#
group Q=3 em. louj‘em, "_for one of the

3-6 cm. 3=56 cm,  ~ degree 6f difference
freedom

Oopla- 213 212 2L0.s  <0,001

Suetobelbs 77 55

st s I 265 <pE

Cryptostigmata _1%1} 15€E5 7.29 £1.0

Adults 32 97 R.B,

13,26 <0,001

13.43 £ 0.001

'y

Total /.carina

Olediscug 5_&% 28

minimg ' 7 . 76 -

Rhodacarus ﬁ_.‘n._ ﬁ Q.00 > 0,95

rogeus 2 _ DeSe

P sitidae 2 ' 2 -Ii.lt-9 < 0.001

Zerconidae g_g’% 210 be77  <0.05
24

50

Note: N.S8. = Not significant.
S8, = Significantly similar.
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3-6 Ch.zone (é.g.|gggig-3ucfobelbg, and Parasitidse), and

some species having moved down to 3«6 cm. zone (e.g.

Zerconidae). Rhodacarus roseus had a significantly (P> 0.95)
| similar depth distribution in both study'years. The depth

distribution of the total Acarina also differed significaently
(P< 0.001) between 1961 (10 per cent of total fauns in 3-6
cm. layer) and 1962 (8 per cent of totel fauns in 3-6 cm.

layer) on the Limestone grassland site.

'c) Seasonal variation in . verticel distribution of Acarina :

- _During.the course of the présentiétudy, the fact that
ﬁonﬁiy samples were taken at two levels made possible an
snalysis of the data from the point_of view of seasonal
variation in the verticalldistribution of Acarina. Specles
or groups which occurred commonly with more than 10 pér'cent'
of their total numbers in the'loﬁer sample layer (3-6 em.)
are considered; namely':fgpggg-suctobelba, Olodisggg'minima,.
Rhodacarus roseus, Zerconidase on Limestone Grasslsnd; and
Thyrisoma 1anceoiaté,.Qgglg-sﬁctobelbé,‘and Parasitidae on
mixed moor. -In Figs. 13 and 14 ‘the numbers of each species
occurring in the 3-6 cm; 1ayef are plottéd.as a percentage
(with stendard error) of the total of that specles on each
sampling date. Data of the Limestone grassland sitg afe |
shown in Fig. 13, and for mixed moor in Pig. 1&.

There was 1ittle seasonal variation in the vertical

distribution of total Acarima on both the siteé studies.,




Pig. 13.
Vertical distribution of Acarins in the mineral soil of the _
Limestone grassland during 1961 and 1962, The percentagg of
the total numbers of each specieé or group .occurring in the
twd layers-on each moﬁthly eampling date is shown, The 3=6 cm.

soll layer was not sampled on 13 bebruary 1961 and 3 April

1962, due. to frozen conditions,
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VERTICAL DISTRIBUTION OF ACARINA: LIMESTONE GRASSLAND
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| Fig. 1. -
Vertical distribution of Acarina in the peat .so:li of mixed
Calluns moor'dﬁring 1962. The percentage of the totallnumber'
of each species or group occurring in the -ﬁw& I;:ayex;s on each |
s'ampling' date is shown. The 3-6 cm'.v layer was xaampled
bimonthly, and the time .scale is’ different from th-at‘ Aof_ '
Fig. 13. | '



VERTICAL DISTRIBUTION OF ACARINA: MIXED MOOR
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There were winter maxima in the lower {3-6 cm.) layer for
jgggﬁpSuctobelbg;-and Olodiscus pinims in the.Limesto#e graés¥
land soil. An autumn meximum in 36 cm.-layér in 1962 was
recorded for Zerconidse in the mineral scil. Rhodecarus
roseus has relat;ve peaks of abundance'iﬁ the 32-6 cm. layer
in the mull soillin August znd Septembe; of both study years.
Relative minima for this species occur in.June, Octoben/
November, |

Only slight seasonal variation cen be detected in the
vertical distribution of the;spegies on the mixed moor.
Thxrisoma lanceolata had ﬁaxima in the 3-6 c@. layer in April
and December of 1962, Litﬁle further interpretation can be
placed on the sampling data avaiiable‘from the mixéd moor.

Although changes in the density and vertical distri=
bution of Acarina have bheen détected for the soii types
studied in the present analysis there is no clear evidence
of a seasonal vertical migration of mites in order to avoid
adverse climatic_conditions ip ﬁhe upper s0il layers. The
singlé possible exception to this is Rhodacarus roseus in
the minersl soil. The study has shown that the vertical
‘distribution of soll mites on the areas examlned, is a
dynamic one, which may be infiuenced by such factors as
water content, food, pore sizé of sdil, temperature, and
light as suggested by Haarlgv (1960). This dynamic aspect

of the vertical distribution of micro—arthfopods as a whole
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also indicates that "characteristic species" which have}been
linked to certain strata of the soil (e.g. humﬁs, fermentation
layer) must be regarded with reservation. This is par-
ticularly so in the case of the Acarins, which have been
" aifficult ﬁo fit into the type of life-form classification

devised by Gisin (1943) for Collembola. '
| d) Discussion : |

The concentration of thé'micro-arthropod_population in

the upper soil layers'is largely due to the ﬁbundance of
plant remains near the surface. With iﬁcre&sing soil depth,
there is a reduction in the guantity of food and also in
the nature of the food available, as it will be more fully
decomposeds. Species of fuggi predominating in the A 1
horizon of a podzél have 5eén shown to dédreaée in fre-
 quency with depth by Williams (1963), whilst other types
had maxima in- the lower B, and C hor1zons.h There was thus
a gualitative as well es a quantitatlve change in the micro-
flora with increasing so0il depth. The ability, therefore,' |
of saprophagous forms to live in the deeper soil layers
depends on>their ability to utilise food in a more advanced
stage of breakdovn and of a different pature.' There is
also a reduction in pore siée with incréasing depth of
soil as shown by Haarlgv (1955, 1960). Cn mixed moocr, the.
pore size in the 3-6 cm. layer of compé@ted peat was found

to be smaller than in loose litter of the 0~3% cm. layer.
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This could be seen from the arrangement of the plant remains
in the peat. A further reduction in aﬁailabie pore space
was caused by the waterlogging of the peap below 3 cm. ;n
depth for most of the year. The result of this was especially
evident on the water saturatedlﬁlanket peat at Moor House
(recorded Indices of Humidity renged from 5.8 fo'11.3), where
only six per cent of the total mite fauna occurred nggu4
leriy below 3 cm. in depth. Not only is there a reduct;on
in living space for micrOnafthropodé with increasing depth,
but gaseous exchange is hindered. Lower.oxygen and higher
carbon dioxide tensions must. be tolerated by edephic formé
.than species inhabiting the surface 1ayers'qf scoil.

Although ihe fundamental vertical zonation of specieé
- in the s0il can be tentatively'accounted for by size of |
organism, food pr&ferences and carbon.dioiide tolefdtion,
it isvmore difficult to propose a probable explanation for
sessonal or temporary changes in vertical distribution, which
are imposed upon the basic patﬁern. A single example of a
seasonal change in the vertical distribution of a species
in the present study is that of Rhodacarus roseusg on thé
Liméstone grasslend. Movenents of the fsuna to lower depths
in the scil are.commoﬁly attributéd to such'caﬁées as fhe
drying out or flooading of the.ﬁpper iaYGrs ér'to unfavourable

surface temperatures (e.g. Strenzke, 1949, 1951; and Peachey,

1963). Rhodacarus roseus shows a change in verticel distri-
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bution in minersl soil at Hoor House in June (see Fig. 11),
when the water 6ontent in both thg soil 1ayers sampléd is
low (éee Teble 5,-p.l7 Yo |
The change in the_verticgl distribution of E. roseus
can be 1nterpréted as an anﬁual—upward movement of the-species
‘from the deeper soil 1ayer-in spring (June) and autumn
. (October, November). It is unfortunate that data are not
"available of the disﬁributidn of this spécies at depths
. greater than 6 cm. on the site studied. No information can
be given on the life cycle of thié mite from the 1itefature.
It is possible that reproduction of this species takes
plzce in the surface layers of the soil, when suitable con-
~ditions prevail,-and that a downward migration of the
juvenileé takes place after hatching. .
An alternstive suggestion is that a differential mor-
tality occurs,.affecting most severely the populstion of
B. roseus in one of the sample layers. . A ﬁigher density
would be recorded, at thisg poinf, in the unaffectéd lajer.
With the onset of suitsble coﬁditions'oncé again, a vef-. |
tical migration (either upward or downward) would onee more
coloniée the'deéleted zoné, It is evident, therefore that
~ until more information is available on the lif'e cycles of
the edephic forms of mites, a#d the factors end. soil con-
ditions which affect their;distriﬁution, vertical migrations

must be regerded with a degree of reservation.
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VIII SEASONAL VARIATION IN DENSITY OF ACARINA |
a) Introduction : ' |

Soil arthropod populstions ﬁndergo marked seasonal
fluctuations, which for the acarine communitf as a.whéle,
iusually involve minims duﬁiﬁg.the summér;mdﬁths and maxima
during sutumn, winter and early spring. . Table 22 sum-
merises the previous studies where the time of peak den-
sities of micrq-arthropods'haﬁe been recorded{ Most of
the previous studies were for periods of Qne_yéaf'or less.
There are departures from fhe general picture shown in
the work of Hammer (19&&) bn:the fauna of arctic soils,
and Stoekli (1957) on'the mites and Collembola of alpine
habitats; both of which.show'a maximﬁm population aénsity
in the summer months (Jﬁlyé&dgust). This fa¢t'cdu1d be due
" t0 the very limiting climafic:and soil copditions of these
~areuse | |

Since all the above étudies on seasonal variations
in density of Acarina have been limited to two conéecutive
years or less, it has ﬁeen difficult to demoﬁstrate'a
regular annual cycle. However, the'coincidenée of a number
of independent studies (see Table 22) by different authors
at differént times and places suggest that the population
chenges represent a regular cycle.‘ o
b) Saggiing and analysis of data @

As previously deacribed (page 5° ), 15 sample units



I

Table 22, Summary of previous studies on seasonal abundance of soil micro-

. - arthropods. \ : » Month of peak densit
Authoxr . Group Soil txpel JFPNARNJJASOND
Thompsbn - Acarina and  Pasture + o e o ® °
{1924) Collembola : ; ' ‘
Edwards Total Permanent e s s o o .
(1929) arthropods . pasture
_ Ionescu Acarina and Woodland + o 0 o o .
(1932) - Collembola litter :
Ford Acarine and Meeadow e+ o o o +
(1935, 1937) Collembola pasture
Frenzel - Aéarina and Grassland, + o + + + .
(1936) Collembols Silesia :
_ Baweja- - - Acarina and "Recolonisation of « « « o o .
- (1939) Collembola sterile soils :
-Riha - Acarina Forest soils « o o o + .
(1961) Austria

Wels=Fogh ~Acarina and Sandy e e o o o .
(1948) Collembola pasture .

Strenzke Oribatel N. Gerﬁany + 4+ o o 0
(1951) _ |

'Macfa en Acarina and ‘Fen peat o« + o o + +

~ “(1952)

"Collembola

*10T



Table 22 (continued) -

Author
' Evens
(1955) -

Sheals
(1957)

Wallwork
(1959)

-Haarl v
;(196%)
Dhillon and
Gibson

: (1962)
Davis
(1963)
Hammer

- (19uy)
Stockli

(1957)

Groug

-Acarina and'

Collembola;

Acerina and
Cpllembola

Acarina and
Collembols

Acarina and
Collembola

Acarina

" Acarina and
Collembola

Acariﬁé and
Collembola

Acarina snd. -
Collembola . -

Soii type

Forest soils

- Uneultivated
mineral soil

Hemlock/birch

mor

] Pasture,

Denmark

Undisturbed

grassland

' Reclaimed
‘mineral solls

Arcetic solls

Alpine .

“.pasture

'Month of
JPMAMJI J}A’S ON

e *+ o .

eak densit

s o o o +

"SoT
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were collected at random on each montlyfsampling date from
two sites at Moor House; namely : Lircestone grassland (360 -
sample units), and mized Cgllung moor (360 sample units).

' The sampling was continued over two years} 1961 and 1962.

The random sampling ylelded data on the population density
of total Acarina and the common species of Acarina on the
two areas sampled. The taxonomic separaticn of theﬁjuvenile
forms of the Cryptostigmata was not carried out in the early
stages of this study, but later, the immature fozﬁs of
certain common species were ident;fied. The pépulation
.density of the total_juveniie Cryptostigmata i1s therefore
given, along withithe adult population densities of indi-
yidual species. The population curves fér the dehsity'of
species and groups of Mésostigmatavinclude both adult and
juvenile forms. The routine ideptification of the Pro-
stigmata and Astigmata was méde to the family.

The data on population densiﬁy on the two eites has
been plotted on a logarithmic écale to give an indication
of the rate of change in the density, and the results are
shown in Figs. 15, 16, 17, 18 and:19, for specles or groups
which had a mean annual population density in excess of
1,000 individuals per sqﬁare metre (i.e. more than 1 indi-
vidual per 10 cmé). -On the Limestone grassland, 11 species
were seiected for study, and 7 species wéré'stﬁdied from

mixed moor. The standard errors of the mean densities héye

i
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also beén indicated. . In order to smooth the curves and, to
show trends and seasonal chénges.in the"population density
of individual species more-élearly,'threefpoint running'
means were calculated for the data and were superimposed

upon the population'density curves. These are shown as &

trend line in Figs. 15 to 19.
¢) Results of mon samples and com arison w1th other
authors : ‘

Fach species or group of Acariﬁa on-thé two sample sites
will be considered separstely; the datﬁ fof 11mestone grass-
land are given in Figs. 15, 16, and 17; and for mized moor
in Pigs. 18 and 19.

1. Totel Acarina :- (Figs. 15 and 18)

Figs., 15 and 18 include all stages of all groups of _
mites. Ir 1961, there were spring maxima of populatlon deﬁﬁ
sity in May, with'Augﬁsf ninima and-Deceﬁbér maxiﬁa on both
the Limestone graasland aﬁd mixed_moor. In 1962, the den-
sity was nighest in May and October on mixed moor, and in
July and November on Limestone grassland. Septembef and.
March minima in density were observed also fqr Limeatone
grassland. The later maximum in density on Limestone grass—
lend in 1962 could be attributed to the more exposed.nature
of the site, delaying development longer in the iéte spring
‘of that year. | | II |

The peaks of population of the total Acarina between




Fig. 15.
Séasonal variations in the'density of Acarina in mineral
soii of the Limestcne grassland.. The data are for the four
main groups of soll mites which occur at Moor House. - Thé
norizontal axis showe the sampling nonths, and data for two .
complete years are given. The mean densities (in thousands)
per square metre), are plotted on a logarithmic scale on the
vertical axia. The density sqales are the same ‘for all groups,
but in some'caael the scales do nbt'begin at zero. -The stanh
dard errcrs of the mean densities are shown, and three-point

running mean values are 1ndicated by trend lines.
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SEASONAL VARIATIONS IN DENSITY: LIMESTONE GRASSLAND

100}~ [}
Acgring

3 4 /i/\ t
- t 1
S N .

10 i

| S N N N A NS N N IO S I A T S A T N T A O Y |
100 .
- Cryptostigmato b
- T=Total JzJuveniles
SO+

20- t } m'\/‘—j\j/ 1J
I B i ! %
s:— Jf {

2 S W (N O (S (N N T (N O N Y N Y N O |

ol L Ry
sk 1W4)4\Lf 1

2 | S N Y [N S A N N N T N (S S SN U N (N N B B

3ol Prostigmata

—

DENSITY IN THOUSANDS PER SQUARE METRE LOG SCALE

10
i ‘
o f[}illl +llllllllllllll

10}~  Astigmate {
\

f

o [ [ | 111 *11!1

JFMAMI I ASONDJIJFMAMJJASOND
1961 1962




Fig. 16.
.Seaspnai variations in the density of Aéafina in thé:mineral
'soil of the Limestone grassland. - The ééta are for the
_cdmmon spécies end groups. The hérizontal axis shows the
sampling months;'and date for the two complete-jears, 1961
anaf1962, are given, The mean densities (in thousands per
square metre) areﬂpiotted on allégarithmic scale pn'the
vertical axis. The densi£y scé1eé are the same.for all
species and groups, and all begin at zero. The .standard
errors of the meen densities afe_shown, and three-point

running mean values are 1ndicated by trend linés.
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SEASONAL VARIATIONS IN DENSITY: LIMESTCONE GRASSLAND
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Fig.' 17. _
Seasoﬁal variations in the density of Acarina in the.miheral
soil of the Limestone grassland. ' The data are for common
species and groups. The horizontal axis shows ﬁhe sampling
_ months, and data for two- complete years, 1961 end 1962 are
given. The mean densities (in thousands per square metre)
are plotted on a logarithmlc ecale on the vertlcal exis. The _
density scales are the sane for all species and groups and
all_begln at zero. . The standard errors of the mean densitles
are shown, and three—poznt running mean values are_indicated

by trend lines.‘
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SEASONAL VARIATIONS IN DENSITY: LIMESTONE GRASSLAND
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_ Fig. 18, )
Seasongl Variatidna in the dens;ty of Acarina in thé pgat_
éoil of mixed'Calluna moor.. The déta;are for three of'tpe
four ﬁain groups éf soii miteé which occur at Mﬁor Hduée, and
for the Darasitidac. The ﬁdrizoﬁtal axis shows the sampiing_
months, and data fdr,two complete‘ycars5-1961 andvl962,'afe

given. The-mean'densities (in thousanda per,square metré)

are plotted on a logarithmic scale on the vertlcal axis, . The

density ecales are the same for all groups, but in some cases

the scales do not begin at Zerc. The standard errors of the
mean densities are ahown, except Where they have been cmitted
for clarity 1n;the graph of.the.Parasitidag;-and three-point.

running mean velues are indicated by_trend lines.




SEASONAL VARIATIONS
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Fig. 19. |

' Seasonal variations in the density of Acarina in the péat soil
of mixed Calluna moor. The data are for common sPecieé and
groups. The horizontal axis Bhbws the sampling months, and
data for iwé compléte years, 1961:and‘1962, are given. The
mean densities (in fhousands_per squaré.metfe) are piofted on
a logarithmic scale on the:vertical axis. Thé densitf'scaies |
are the same for all species and gfoups, aﬁd all begin et
Zero. Thg standard er#ors of the mesan éeneitiealare shown,
and'thfeeépéint running mean values are indicated by trend

lines.
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SEASONAL VARIATIONS IN DENSITY: MIXED MOOR
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May and July on the Moor House sites correspond with results
obtained by Frenzel (1936) on Acariné of grasslends in
Silesia, Hammer (194L) for the micro-arthropod faung of
arctic soils, Riha (1951) on forest soils of Austrié,
. Stockld (1957) on mites and Colleﬁﬁola of alpine pasture,
and Davis (;963) for Acarina of reclsimed mineral soils ih
Northamptonshire.- The correspondence.of-the peaks of
maximum density m%he: Acarina populations at Moor H_ouée,
~which experiencés a sub-arctic climate, wiih_the results
from areas having similar or more rigorous climatic con-
ditions (e.g. Greenland, and aipine pasture) is clear. The
earlicr spring in the northern Pemnines than ih most of the
areas cited accounts for the esrlier 6ccurfence of the spring
population peak density at Moor HouseQ It i3 obvious that
the spring peak in numbers was caused'by a rapid hatch of
eggs at'thié'period. Plg. 2 ahows that the air temperature
rose repidly over this perlod, while it can be seen from
Pigs. 15 and 18 that Jjuvenile stages of nyptostigmata were
'most_abundant at that time. There is evidence, theréforé,-
that the climatic factors of the areas studied ihﬁluence',
the occurrence of the pesaks 1n'populatioﬂ,density of éoi1
mites. It'is suggésted that theéé factors act upon the
reproductive cycle of the species, resulting in the hgtching.
of eggs at well defined periods of the year. This theme

will be developed and discussed below.
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\ :
Lzte autumn and early winter §opu1ation peaks were
recorded from all the stud;es'iisted in Tsble 22 (pagé}OW),
with the exceptibn of the work of Hammer (19&&);'and Stockli
(1957), where the population peasks were limited to the
short summer season. Other studies where the pbpulation
'density curve'lacked a winter peak were those of Wallwork
(1959), and Dhillon and Gibson (1962); bvoth of whom recorded
Septenber maxima. The results of van der Drift (1950) |
differ frbm all other authors in findiné little seésonal
variztion in the population dénsity'of the total'm;cro-
arthropod community of beech forést litter,
2., Cryptostigmata :- (Figs. 15 end 17)
| The population curve for juvenile forms is shown
separate from the curve for total Cryptostigmata in Figs.:
15 end 17. In 1961, there were population maxine in May
and December, and minima 1n'August for both the sample sites.
For 1962, late sutumn maxima in September-December were
recorded on both areas. |
As the Cryptostigmata constitute the majority of the
favna in the soils studied, the seasonal trends in these
populations follow closely the curves for-totai Acarina.
Thé total density of jﬁvenile forgs of the Cryptostigzmata
on both sites have similar seasonal changes to the total
Cryptostigmata. The spring pezk of juvenile forms cen be
attributed to a hatch of over-wintering éggs,.and the sutumn

peak of density by the hatch of eggs laid in the summer,



110.

giving rise to a marked increase in the larval and nymphal
population, -
There was a seasonal trend in the ratio of the juvenile;
to adults in the populations of Cryptostigmata, as is shown
in Tavle 23. The rétio is'expressed as.the-hnmber of
juveniles per 100 adults in the population on each:éampling
date for mixed moor and the Limestone grassland. It_can
be seen from Table 23 that high juvenile:adult ratios
occurred in the same month or within one month of each other,
on both the seample sites;l The highest juvénile:adult ratios
| were recorded in spring (January, February and April in '
1961; and in Januery, April end June in 1962), and in agutumn/
early winter (November and December in both 1961 ana 1962).n
These relatively high valuls coincided with the peaks of
gen31ty of the Cryptostigmata (see Figs. 15 and 18), and
were-caused by the abundance of newly-hatchedljuvénilé forms.
The mosy marked seasonal changes in groups occurred in
the Cryptostigmate on both the study areas; and a more
detailed phenological anslysie indicates_that the fluc-
tuations are connected to the life cycle and.réproduction of
the mites. Similar seasonal fluctuations of the'Cryptostigmata
element of the mite fauna have been recorded by uvans (1955)
for a Sitka spruce fdrest s0il, and by Macfadyen (1952) for
a Molinia fen soil. It was suggested by Sheals (195?):that

the seasonal fluctuations in the Oribatel populations of un-
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Table 23. Seasonal varietion in the ratio of Juvenile to

adult Cryptostigmata. The ratio is expreséed as

the number of juveniles to0.100 adults in the

population on each sampling date.
Sampling | ‘Ratio of the number of Juveniles to 100
| -adults-of the Cryptostigmate populétion_

date Limestone grassland Mixed'Callunavmoor

16. 1.61. © 100 | . 12s
13. 2,61, 300 | 36
13. 3.61. : 62 16
10. 4.61. 270 - | - 10l
Be 5461 . 137 ' _ L9
5. 6.61. | u 7 yo
17. 7.61. €7 . o 6L
28. 8.61, 57 : o 69
25, 9.61. 120 e
© 23,10.61. 125 < 92
22,11,61. 150 ‘ | 110
11.12.61. 1y B T3
15. 1.62. 200 o : 130
13, z.62. 125 . 133
20. 3.62. 120 | | | 177
3. L.62, 167 287
3. 5.62. 120 | 208
he 6.62. - 140 - | 85
3. 7.62.° | 80 . 37
7. 8462, . 77 o - 83
1. 9.62. 85 - | 51 -
3.10,62. | 114 - _ | 77
12.11,.62. w3 194

6.12.62., 67 . 250
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cultivated grassland soil were due, in part, to the movements
of the Acarina to other habitats for reproduction. 'The same
writer nas also recorded a low density of immature Oribatei;
a similar deficiency was noted by Riha (1951)_iﬁ a study of

calcareous woodland soils near Vienna., Here, further ob-

servations indicated that the juvenile forms of several
species lived in other habitats, e.g. under bark and in leaf
litter. Attempts were made at Moor House, in the present
study, in spring and summer to determine whether there wes a
movenent of Acarina up into the vegetation atia pafticulér
stagé in the life history. There was no evidence from_an
enalysis of the catches of sticky and“piﬁfall traps, which

were situated at regulak helghts above the surface of the

blanket bog in the Calluna of the mixed moor; to support
this suggestion.- .- '

writing of Oribatei, Strenzke (1951)' st-.a_'t‘es that
February and August minima in population dbnsity wére usual
in north Germany. August minima were observed for the
Oribatel in the present study. . The Moor'House'results con-
firm those by Strenzke {1951), and Macfadyen (1952) that
the species composition of the Cryptostigmata populations
remains constant throughout the year. This implies that
all species were present'throughout the year, end since

" adults were found in all mdnths, it is likely that they are
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relatively long lived, living at least several ménths under
natural conditions.
3. ilesostigmata :- (Plgs. 15 and 18)

" The population graphs are the totals of" all stages.
In 1961, maximum population density occurred in May,_and-a
minimum in August on the mixed moor site. Autumn maxima for .
both sites were recorded in October énd November. For 1962,
‘maxima of population dénsity-wefe bbserved for bbth gites in
August end Septedber, and minima in March and-April;

Evans (1951), and Sheals (1957) have detected little
seasonal variation in the density of Mesostigmata.in forest
and upJand pasture soils respectively. These observations
' are in contrast to the ioor Houéé results, vhich showlsig—
nificant snnual changes in the population density of
Mesostigmata under upland conditions. The.autuﬁn naximum
populations in August-November of Mesostigmata ffcm Limestone
grasslana and mixed moor agree with the rﬂsults of van der
Drift (195C), who found a peak of relative high den31ty for
Parasitiformes in September. |
4. Prostigmata :- (Figs. 15 and 18)

The population curves are of adults and juye#ileé. In
1961, spring peasks in the density oflfhis group occurred
in iiay and June, sutumn peaks in December, with Aﬁgﬁst and
September minima on both sites étudied. In'1962, Méy maxima

in populetion density were recorded on both peat and mineral
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soil areas at Moor House. A September maximum was recorded
on the mixed moor site,'and a November maximum on Limestone
grassland.

A significant decrease in the.density:of Prostigmata
occurred in September on Limestone grassland. The Prostigmata
are amongst the least known of the soil-inhabiting Acarins,
appearing to favour heath end foresﬁ habitatsl From the
studies of Evans (1951) on forest soils in the south of
England, the seésonal fluctuations of this group'weré $een
to follow those of_the Cryptostigmata, although the.changes
were less well marked in the Prostigﬁata. A similar situ-
ation occurs with thése two groups oh the siﬁes sﬁudiéd at
Moor House. The exception to this occurred 1n:Mé& 1962,
when a significant maximum in:the density of the Prostigmata
was recorded'on'Limestong grassland, without a corresponding
maximum in the Cryptostigmata on the same site.

For Pfostigmata, ven der Drift (1950) records spring
-minima of populsation deﬁ:ity in May in beech litter, which

is also the period of highest density of.this gpoup 6n the
two Moor House sites. However, van der Drift (1950) con-
sidered'that.hia estiﬁates'of the population density.of this
group were low due to the inefficiency of the heat extraction
technique used, bimonthly sampling and the short duration of
the dévelopmental stages from egg to adult of species_of

this group. The estimates of the population density of the

Prostigmata in moorlend soils may also be low for the same



reasons. '
5. Astigmata i- (Fig. 15) |

All stages are included in the population curve in Fig.
15. Representatives of this group were recorded only from
the minersl soil of Limestone grasaland. A sign1flcant
peak of high density was observed in August of both study
years. The main species of Astigmata recorded in the present
study was Rhizoglyphus echinopus, which has been collected
from a wide range of soil types (Evans, et sl., 1961). The
Astigmata have not been regerded as a soil-dwelling group,
but the‘investigations ofluuhphy (1953) on.neathland,
Sheals'k1956) on upland.pasture and arsble soil, ha§¢ shown
that species of this group are consistent members df the
fauna of those soils studied. |

Compared with an August maximum in population density.
for the Astigmata at Ycor House, van.der Drift (1950) -
recorded a July peak of density of Glxcxghasgg domesticus
in the beech 1itter of the National Park 'De Hooge Veiuwe'
in the Netherlends. . | -
6. _ggglg—Suctdbelba t- (Figé. 16 end 19)° |

In routine 1den£1fications of samples, the species of "
these groups were not separated. Mean eétimaﬁes of the -
population dénsity qf adults are_given for thisﬁgroup as
few juvenile forms occurred in the samples. F§r 1961,

: . . 2
maximum densities of between 2-3,000 adults per metre
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(: 2=-3 adults per 10 cma.).were recorded-ih,April:end'nay'
on bothxsample areas. A mihieum in density was oﬁeerved in
August, and gutumn mekiee in November and December occurred-'
in both soil types. In 1962, there was a minimum popu-
lation density. on mixed moor in April, with corresponding :
minima in February and March on Limeetone grassland,

Maxime were recorded on both areas in the periocd: July to
‘September. | | | | |

The population data nuggest an autumn hatch of eggs
laid during the summer anq a spring hatch of everwintering
eggs for the species of this group. There were §ery few
juvenile forms extracted frem_peat,and mineral soil samples
during the winter months of the sﬁudy yeers. The'epecies
overwinters in the egg and ndult stage, or the extraction
efficiency for juveniles of this group may he relatively |
low during this period. In observations onlggglg-neerlandica,
Forselund (1943) snd van der Drift (1950) recorded only
adults from their samples in relatively high densities: 9
individuals per 10 cm ey in beech ]itter, compared to 2=3
adults per 10 cm ~in the present study.

December peaks of population density for representatives
of the‘gggig-Suctobelba group have also been found by Wallwork
(1959) in the humus layer of soil under hemlock forest in
the United States of America. At the same time of the year,
Oppia spp. composed 30 per cent of the total oribatid-fauna
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in the same habitat. A short development time from egg to
adult of 23 days at 25°C and 95 per cent relative humidity
was observed by Woodring and Cook (1962) for Oppia neerlandica

in culture., The short'life-cycle would suggest that there
vwould be more than one génenation per year.under sultable .
field conéitions. Frém the peaks of maximum abundance for
this group at Moor House, there appéars.to be a pbssible_pwo
generations annually in the soils studied.
7. FPlatynothrus peltifer :- (Figs. 16 and 19) “
| Adult'population densities are given for this species;
figures_for Juvenile density are giien in Fig. 23 Maximum
adult density in 1961 wae recorded in May, June and July on
both arees, but the peﬁk was more pronounced on the mixed -
moor. In 1962, there was no slgnificant_différencés between
the mean ﬁonthly population dénsities on‘the peat or ﬁineral
soil types. | ' _ _ | |

The life cycle of this Oribatid mite has been seter-
'mined for moorland conditions from field date obtained from
mdnﬂiy samples, and the results are given on page (SO .
Platynothrus peltifer wes found to have a single generation
per year at Moor House, which supports the findings of
Haarlgv (1960), end Harténsﬁein (1962d. The juvgpiles matured
to the adult over a period of 7-8 months (February to
September, 1961) on the mixed moor, and then paséed the‘

winter in the adult stage, although some tritonymphae were
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found in December samples., Thus the single annhal peek in
gdult density in May-July, 1961.confirms that the species
is univoltine at Moor House. Espimates of the length'of

the Qevelopmént period from egg ﬁo adult under field con-

ditions in this species vary from two months (Haarlgv, 1960),

five months (Grandjean, 195C; Hartenstein, 19620, to 7-8
months of the present study. The relatiyely ldngef develop~
ment at Moor House may.be due to ;ower temperatures.

8. Tectocepheus velatus :- (Figs. 16 and 19). .

" Tnis species was recorded from'Limeétone grasslend and
mixed moor, and adult population densities are given fgr_
both ereas. For 1961, minimum density ocgurhed in'May dn
.mixed'moor, and in July on Limestqne grassland. Maximum |
density was attained on both sites in Octobef. Tﬁere appeared
to be an additional minimum for this species in December
on Limestone grassland., 1In 1962 there weré-minimé in May, |
end mexima in August and Beptember on both areas;- There
was a peak of adult numbers in February on Liméstdne grass-
land in the same year, produced from overwintering tfifo-
nymphae. | |

However, ven ‘der Drift (1950) recorded that the
Juveniles of this spec1es had the highest density in the
spring in beech mor soil. In Auguat-October, when the Moor
‘House population has its highest denaitj, wallwork -(1959)

has recorded a decrease ln numbers in forest litter with a
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December pesk of adults produced from nymphae. In contrast
to the single generation per year for this gpecies, which
is indicated in the present study, Haarlgv (1960) suggested
fhat twc generations per year were possible, based on:é
‘éomparison of the body size and postembryonic development
time of T. velatus and Ceratozetes ggacilis;- Terras=-
Wehlberg (1961) has observed 'é. vert'ic_al__migr-aﬁion of T.
velatus to lower layers of a Swedish Sphagnum bog in res-
ponse'to & temperature of d°c; .There.was no evidénce_of a
vertical migration of this species in the winter months at
Moor House. Similar high densities as recorded in the
present study were found for this épecies‘in July gnd Sep-
tember in soils of the T¥rnetrask territory of Swedish
Laplend by Dalenius (1963). " |
9. Carabodes minusculus :=- (Fig. 19) .

Adult densities of this .species aré givgn'ih Fig. lé;'
Peak numbers of adults wefe estimatéd for July and October
on mixed moor in 1961, whilst in 1962 minimum nurbers were
found in March, and maximum.density in August_on.mixed'moor.

The data, which were only from mixed moof, suggest a
spring hateh giving rise to Juveniles, which matured in'
June 1961, and an.additional éummef geﬂérapibn producing
e peak in adult dénsity in October. This was supported by
an examination of the immature forms, as nymphae were

present in the Pebruary to May samples in 1961. 1In 1962,
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the spring samples contained no Juveniles of C. minusculus, _
but there was & rise in adult‘density in August of the same
year. It appears that the first generation in 1962 was
limited by the severe climatic conditions of that period

* (April to September) st Moor House.
10. Carshodes margiﬁagus t- (Fig. 16)

This-speoies occurred only on the péat moor'ih large
nuimbers, and data of the adult population are givén.

For 1961, there was a summer:maximum in July with a
winter'minimum in December. In 1962, low densities were
found on the peat site in January—March of 1962, and a
sunmer peak of density occurred again in August.

Insufficient juvenile material had been extracted from
monthly'samples from the peat moor to_support the:suggestion
of a single'generation e year under sub-arctio ciimatic'cone
ditions. | |
11. Nanhermannia.gggg :-’(Fig§,_17 and 19)

In 1961, the.adult-numbers show a peak in Joly, and a
minimum in December on mixed moor. The mean'denéity of |
N. nana on Limestone grassland does not show eny significant
:change throughout the year° In 1962, minima were obseryed
in April and May on both sites, with the curves showing a
build up to a maxinmum of adults in August'and SeptémberQ

In studies on Nenhermarnnias elegantula, ven der Drift

(1950) observed larva, nymphe and imago insturs present in
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beech litter for the whole of the yéar. and noted'thai the
population density of this species decreased after a
period of drought. No such éorreiation was found for the
minima of demsity of N, nana with soil moisture on the
areas étudied at'Moor House. Juvenile forms were present
in small numbers throughout the study period on both sites. .

Both Grendjean (1957) and Sengbusch (1958) have com-
mented upon the occurrence of parthendgeneais in N. gggg;
end the latter author.has recorded that 1t requires a
postembryonic development of 111 daya 1n‘cultpre aﬁ 25°C
and 2 relative humidity of 82 per cent. Taking,ihis‘into '
consideration with the low mean air témperéfu:es_éxperienced
gt Moor House, it 1is likely that only a single'géneration
occurg annually. _ | - -
12, Chamobates achutzi.:- (Fig. 19) |

Adults were recorded in high densities from mixed moor.
For 1961, there was a well-defined haximum of population
density in the spring (March to May) with a minimum in |
August, followed by pesak densitieé'over the wiﬁter. In
1962, = miniﬁum in May with an October pesk in numbers was
recorded. | |

The population cﬁrve suggeéts less than one generat;on'
per year under moorland conditions. This was sﬁpported bj
large numbers of deuto- and.trito—nymphae found in,thg

samples during the winter months of 1961-62. According to
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winter in his éﬁudies, which he considerea to be a con-
seguence of an increase in.adults. The same suthor did not
record juveniles of this s"pecies-.j ' |

- 13. Pelops planicornis :- (Fig. 16).

Recorded from Limestone grassland site, end the adult
population curve is given:in Fig. 15. In 1961, there wase &
peek of adult density in July with a falling off in November.
Eer 1962, there was an early spring maiimum with a drop to
a summer minimum in July and Augusﬁ. o -

The data from an examination of the Jjuvenile material ‘
-of this speciles wére not sufficient to allowAcpnclusiqns to
be drawn,

1lh. Pelops plicatus :- (Fig. 16)

. In 1961, adult numbers recorded from Limestone grass-
land showed the occurrence of maxima of density in May and
July. Thereafter, the population density remained steady
until it began to rise eagain in November 1962. '

Few inmature forms were found in the samples, and the
evidence from the population curves for the two study years
is contradictorybin that 1961 indicated a .oafimer peak of

numbers, whilst 1962 had a late autumn maximum. o
15. Pergsitidae :~ (Figs. 17 end 18)
The stendard error of the mean population density of

EParasitidae has been omitted from Fig. 18 for clarity, and
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the values indicated little éignificant change throughout'
the year., The density of Juvenile forms of this group was
in excess of the adult density on both sites studied. There
appeared to be little variation in the density of Parasitidse
on both areas throughout 1961-62; but there was a maximum

of adult numbers on both areas in October 1962. Moderately
high densities of Parasitiformes in Septembep have been
observed in woodland litter by vamn der Drift (1950). There
was 8 corresponding,high-peak'of'population density in
July-Auguet of 1962 in both the peat and hineral soil types.
Hartenstein (19620 concluded that L4-5 generétions occurred
pér year in1members of this group; but there is no evidence
to confirm this from the-present study. _

As mény species of Parasitidse are predstory in nature,
it appears that‘this group has 1ts highest population den~
sify et a time of year when lerge quantities of potential
food material are availsble. The peak of density of
Parasitidse is in the autumn at Moor House, whén there are.
high populations of juvenile'oribaiids, and other mites
available as prey. Hale (1962) has observed high densities
of Collembola on the same areas at Moor House in the same -
period; end Kafg (1961) has recently shown that.Gaﬁasid-
mites feed upon Collembola, Tyroglyphidae, juvenile>Cryptof‘-

stigmeta, as well as small insect larvae and nematodes.

16. Zercoﬁidae 1= (Pig. 17)

Species of this family were recorded only from Limestone
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gressland in sufficlent numbers to merit study. The mean
pppulation densities given include adults aﬁd Jﬁvenileso

' There was & minimum in April, and a meximum in November
.in 1961. In 1962, a minimum occurred in ﬁarch_with an
August maximum.

17. Olodiscus minima :- (Pig. 17)

Recorded from Limestone grassland mineral goil with a
‘ldensity higher than 1,000 individﬁa’l_s per metre’, _o_; pinime
has been termed a true edaphic species by Evane (1961),-and
it has been found in a wide range of soil types. Thefden-
sities shown in thenpresenﬁ study consist of adults and

juveniles. | |

For 1961, the'populétion maximum occurred ih'Septémber,
end in 1962 tﬁere was a maximum in August, with a minimum
in February. _ -

For Cilliba sp., alsoc a member of the.Uropodiha to
which group O, minima'belongs, van der Drift (1950) has
recorded a summer population density 34 times gréater than
in spring. This result sgrees with the observations on
O, minima at Hoor House. |
'18. Trachytes pyriformis := (Fig. 17)

This species was obseried in greatest numbers on Lime-'
stone'grassland site, and the mean densities shown include
adult and juvenile forms. " In 1961, the maximum density-ﬁas'
recorded ir November; and in 1962 & minimum occurred in

April, and maximum dengity was. recorded ;n August.
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The results obtained in the presént study differ from
those of ven der Drift (1950), in thet he considered the
‘fluctuations in the ponulation density of Trachytes gp., to
- be of small extent, with the winter population being
clearly smaller, '

The resultg from tﬁe'study of the common species of
Cryptostigmata:and Mesostigmaté'on the two sites at Moor
House, are summarised in Table 24 for'léél, énd_TabIe 25
- for 1962, In these tables, ma#imum énd minimﬁm densities
~of each species are shown, and.it is clear that in 1961 the
majority of the species hsad maxiﬁum density in May, whilst |
- in 1962 maximum &ensities occurred three mdnﬁhs léter in
‘August. Again, minimum densities of the mejority of the
species were recorded in August of 1961, and in March of
1962, Two patterns are seen in the seasonal vafiatién of
population density of Acarina gpecles at Moor ﬁouae 57_

(i) Species recofdéd'as—haviné two possible generations
per year at Moor House, 29 - % |
‘Species of Oppis-Suctobelba group (1961 only)
Carsbodes miuusculus (1961 only).
(i1) Species recorded as hzving one gengratlon_per yeér
atlvoor House, €.y 3

Platxgothru ‘Rpltifer (especially evident from
the 1961 data)

Tectocegheus velatus (1961 and 1962).

Carabodes marginatus (1961 end 1962),
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Teble 24. The occurrence of maxima in population density of
Acarina in the mineral soil of the Limestone grass-
lend (1G) and peat soil of mixed moor (MM) at Moor
House in 1961. The deta are taken from the Figs.
15, 16, 17, 18 and 19, ' ,

Note: + indicates maximum population density; - indicates
minimum population densitye.
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Iana ' LG . e o o ® ° ® o o »
P81g EB LG e . o o e + o P+ 0 e = o =
-plicatus
-Pelogs 1G e o o o o o + o o s ™ o
planicornis
ChEEObEteS MM e o + o + o o.’ s s o +
schutzi o
TraChyteﬂ Ig . ; s o o ; e o o @ + . -
pyriformis :
010di§cus 1G - o ¢« o o o o o ¢ F o o o
minima : ' ‘
Zerconidae LG o © o ™ o e o o o » + o
Pgrasitidae MM s e o ; e o o o o8

'. 16 : ® e 5 8 o e o & o ® s @
Cargbodes ] . MM 6 = 0 e a + o @ ; + o e
minusculus o '
OEE a= . MM . ; o+ 4+ o o *™ o ¢« o +
Suctobelba LG e e e + &+ o 0o = o o + .
Total Acarina MM 2 & e o + * o ™ o e o ¥‘

: pFe, s o o o ¥ ¢ ¢ ™ ¢ o @ +  \
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Table 25. The occurrence of maxima and minima in population
density of Acarina in the mineral soil of Lime-
stone gressland (LG), snd peat soil of mixed moor
(MM) at Moor House in 1962, The data are taken
from Pigs. 15, 16, 17, 1& and 19. '

Note: + 1ndicates maximum population density; -~ indicates
: mlnimum population density.

'Bpecies[Groug Site | Month

TJFMAMJIJASOND

Platxpothrus' MA! e ® © » o o o @

+ o o
Eeltifer - 14 - e » o » 8 8 o o » " o
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nana ‘ LG o o+ & ™ ¢ o + o &
Pelogs 13 e o & 0o ¢ ™ o o s o +
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Pelogs -LG . - ; e ¢ o o = = ;'o T
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TPaChxteS 13 ' . '-o = o o a * o o+ » o
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Clodisgcus B¢ 2 ’ a ™ o o 6 o o + o 8 o
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Zerconidae iFe] . s @ ™ e » o o + o o & o
PaPESitidge MM c o-% o o » F+ + & o o o
: 13 e @« o © 0 o F o o o o @
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gEDiaf . MM o ¢ o = o o %+ o 4+ »
Suctobelba G . e e ™ 2 ¢ o ¢ ¥ o o o
Total Acarina .MM ‘, » o .o F* o o o » ; o
’ G ' ¢ o ™ o e o + » = s + .
. . 4
Number of occurrences of: o
maximum density (+) 02101049k 220
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Nenhermennia nsna (1961 and 1962).
. Pelops plicatus (1961 and 1962).
Pelops planicornis (1961 and 1962) .
Chemobates schutzi (i962). |
Olodiscus minimg (_1961 end 1962).
Zerconidae (1961 and 1962).
Parisitidae (1962 only).
It should be pointed out thet the two peaks of abundance
for the Oppia-Suctobelba group above may, in fgct, be the
- maxima of density of two species within the groub, which
have their higheet'population density at'different times
of the yeai.' ‘ _
From a consiécration of pcéks occufring-ih:the data, as
- shown by a study of three-pcint'running means, theré is an
annﬁal cycle in the populations of soil Acarina under moor=-
land conditiohs. Trom the study of the 11fe histories of
1ndividua1 species which occur on Pennine moorland, the
annual cycle has been found to result from the reproauctive
cycle of the mites (see page 130). |
d) Overwintering mortéliti : |
There are two factors which affect the éice of the
Acariha population : the birth rate and the death_rgte'of
the individuals in the population. The birth fate'(effec—
tively the hatching of eggs) 1s affected by the conaitlon
and age of the adults, and a suitable temperature ‘for the

hatching of eggs. The death rate is probebly relatively



129,
constant except for catastrophes, e.g. drought or floods.
~ During the cold winter period (Deéember-Mafch), no
eggs hatch st Moor House, and so fhe decrease ;n density 15

a megsure of the mortaiity over that period of time. The

decrease in density in a three month'period has been used
to give an estimate of the overwintering mbrtality, and this
-'haé been expressed as a ﬁércentage of the density ét the
beginning of the winter period in Tsble 26. Two independent
eatimates ha?é been obfained using fhe results 6f sampleé ’
taken in Novemberngbruary, and Decembep-March. There was
an estimated overwintefing morta;ity for total Acarina on
both sités studied ranging from 20 to 23 per cent. For the
same period, the Cryptostigmata had an estimated mortality
rate of 22 per cent on mixed moor, but an increase of 18 per
cent on the Limestone-graaéland; The Cryptostigmata had
lower estimated mortality-rates than those of the totsl
Acariné on both eiteé. The Mesostigmata had highlesiimated
mortality rates (67 and 49 per cent) for both the sites,
which were in excess of those estimated for the Cryptostigmata.

The highest estimated mortality rates of the study were

recorded for Qlodiscus minima and the Qgg;g-Sgctobelbé group .
. on the Limestone grassland of 85 and 80'per cent respectively.
The ability of soil mites to withstand frozen con-
ditions has been observed in the present study. Daiénius

(1962) has recorded that .in sutumn in Swéden_certain species




130,

Table 26. Estimated mean overwintering mortality (as a per- .
: centage) of Acarina for s three month period, on the_
Limestone grassland and mixed moor. '
Fote: + indicates that the population apparently
. increased during the three month -period.

- indicetes mean estimated mortality.
0 indicates that no apparent uhange was observed
in the population.

Group or speciles - Estimated meaﬁ'perrentave'ovérw1nter1ng
. ~mortality over the three month period
Limeqtone grasslana Mixed Calluna moor

Total Zcarina ' ' ~-20 ' . '-?3
Cryptostigmata ' S 418 ., ;' o - =22
Mesostigmata ' _ -67 2 " - =49
Oppis-Suctobelbs .80 . -2y
Tectocepheus velatus . +86 ' | -66
Carabodes minusculus ‘. _0.‘ I =30
Chamobates schutzi ';0-‘ L -30
»Trachxtég pyriformis - + =70 '  ._ 0

l dlodiscus minima - SRR Y3 ' SRR 0
Zerconidae s L 0

Parssitidae =0 el
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of soil mites_were rich in fat globules, which has been -_.

suggested by Edney (1957) as a means of lowering the water
| content of the tissues, and thereby prqducing a greater
resistence to low temperatures and drought. Sengﬁuach
(1951) considers that a high mortality of juvenile Oribatei
occurs through predation hy Mésbstigmata under winter con-
ditions; thereby-raducing the populations'of gpecies which
overwinter in the immature stages. From the present study
it is clear that there was én'overwintering mortality ofv.
Cryptostigmata'from unknown céusea, but there was also ﬁ
‘higher mdrtality rate for_Mesost}gmata, whicﬁ suggests thaﬁ
the suggestion of Sengbusch (1951) doés not appear to be

justified by the results given above,




IX THE FAURA O THE ERODING HGOR.l
a) Introduction: | _
The erosion area of Hoss Flats hes been_déscrfbcd in

the section on sardle sites (page .25'). hen an erosion
“channel or hag is first formed, loose peat falls into the
‘chainel end is washed away; the #egetation”ﬁinds the sur-
face peat and a 1lip cr overhang 1is fbrmgd at. the edge.of .
the heg (Fig.20). The hag 1ip is devoid of Calluna'and sup-

ports a lichen cover of Cladonia coccifers agg.;:the peat

here is no longer waterlogged and high denéities_of Céllembola
are ﬁaintained in this habitat (Halé, 1965)n' The edge of

the eroding blanket bog'dries out due tq the 1mprqved-drainage
'and,expcsufe to the wind, and mosses are sbzsent from the hag
1ip zone (Plate B8). In some parts of loss Flate erosion is

so extensive that only a féw small CallunaQGOvered'hummocks
remain on the bare peat surface, upon the tcm'of which
Empetrum pigrum becomes more common (Plate &). A similar

type of erosion has been described by Oswvald (2949) on Irish
bhogs.

In places at Moor House, the erosion chanhelslhaée cut
down to the sandstone bed-rocks {Plate 7). Elsewhere thé_
babe,.redistributed neat forms a pIane'below”the level.éf
'the original moor (see Piate €), and in some areas stablli-
sation of this loose peat has occurred. Tussocks of
Eriophorum vaginatum, thought to be from the originalfmixed
moor, develop; and Eriophorun gggggtifalium invades the



| ' Fig. 20,
Ideélised section across erodiﬁg blankeﬁ bog al Moss Flats,
-showing the stéges—of erosion and recoléniéatioﬁ..-Tﬁe
habitats'wﬁich-wéré sampled-dﬁriné'fiéldWork'éﬁd described :

in the text, are shown, and = key ie provided.
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barelﬁaat as a recoloniser in the wet areas (Plate 9); It
" has been;reportéd.that,oﬁce such a plant cover becomes'
extenSive, Calluna becomes established again, but.this has
not been obsérved at Madr House by the present writer. -

.Ihe formation of‘chanﬁels or hags in the blanket peat
by efosion, therefore, influences the local drainage and
conSequeﬁtly changes in soil water content and vegetation
cover occur over short horizontszl distances. It is thus
possible to determine the habitat preferences of Acarina
under these variable natural conditions, and to deduce their
succession which occurs as the Calluna moor is eroded away
and then partially recoidnised by other vegetation. Two
. similar studies,'both'on the Collembola of Moor House, have.
been made by Murphy (1955) who considered fhe péolland
hummock growth system of Valley Bog; and by Hale (196§¥ on’
the eroding blanket bdg of Moss Flats. .The present study
'_ is comparable to the latter work. |

b) The sampling programmne :
Regular'aamples were taken siﬁultaneously-on'the erosion
area and the mixed Callung moor from January»Decembef, 1961,
so that a direct conparison of the fauna of the two areas
'-was possible. Four habitats were sampled on the erosion
area:
1. The top of = residual Call g hummock remaining

after the aurroundlng moor has bean eroded away.



134.

2. An asrea of Eriophorum vaginatum,

3. Bare peat.

4. An erea of Eriophorum anggstifolium.

(5. The lip or overhanging edge of a ﬁag).
It is suggested that these areas l-4 represent successive
stages in the erosion cycle and partial recolonisation of
: blankef bog. The heg lip zone, area 5, is regerded as a
special habitat in that it is an asrea of much modified
| mixed moor, and will not be regarded as a‘true stage in the
erosion cycle. Fig. 20 shows an idealised transect across
the eroding blanket bog with the sample siteslindicated.

The sites were sempled on the following dates during
1961: 27 February, 29 May, 5 September, and li December.
Fifteen sample units each 3 cm+ in depth and 11.35 cm2. in
surface area were taken as described in Section V (pageS2)
from the dry hummock top, the lichen covered hag lip,-the
mixed'moor end an area of E, anggstifoligg.' Eight sample
units each 6 cm. in depth and of 11.35 em . in surfesce area
~ were coliected at'the same time from the gglyaginafum tus~
socks, as only in this habitat did micro-arthropods occur
below 3 cm. in depth.

In order to'compare differences between vegetation
types, and speclies differences in Acarina, the data for the
'year were grouped. This'reduced variatione casused by the
annual cycle of the mites, and differenceé arising from

separate sampling dates. This gave data of 60 sample units
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each from the hummock top, the hag 1ip, mixed moor and the
Eg gngustifolium; and of 32 sample units from the E. vaginatum
Table 27. 5011 water content of samples Trom the erosion

area of Moss Flats compared with mlxed moor. The

figures are indices of humidity and are the means
of 60 sample units each from all sites except the

E. vaginatumn which is the mean of 32 sample units.

Mixed Hummock [Eriophorum  Bare gg;gggprum  (Hag
moor top vaginatum peat angustifolium  1ip)
8.8 2.8 Lha Ll-o,s . ’-&05- B (2'0)

Table 27 shows a compafiSon of the mean ialues for 1961
of the soil water content of the four sample sreas of Moss
Flats compared with'mixed moor, taken from Tables é'and 9,

and Springett (1963) pers. comm. The.high value for mixed

moor is due, in part, to the water retention properties of

the Sphegnum mosses.
¢) Distribution of Aéggggg :

Table 28 shows the mean density aﬁd the percentage
composition of the groups of Acarines on the five saﬁple
sites of the erosion area compared with that on mized moor;_
The greatest density was found on the hummock top, ﬁhiéh

was significantly higher than that of the mixed moor'(dif—
ference between the meeans = hs.s‘i 9.5; P(0.00l). The mesn
density of Acarina on mixed moor was also significantly
greater thaﬁ on the area of E. vaginatum (difference ﬁétween
the means = 14.7 % 6.4, P0.05). |




Table 28. Mean density and the percentage composition of the major groups
of Acarina on the five siteé of the erosion area compared with

o . ) -

the mixed moor. The figures are the mean density per 10 cm .

and the standard error.

89.0%:

7.6%

0.9% .

Group Total ' ‘ _
' : Acarina Cryptostigmata Hesostigmata Prostigmata Astigmata
Site : . o '
Mixed 18e 7442 h5e3zh.2 3424042 0.240.1 0.0
moor 93. Of 6.6% 0. Lifh
- Hummock 97:547 2 92484608 2.540.2 1.440.5  0.840.3
top 95 2% 2,6% 1.5% 0.7%
. Eriophorun 34 e0z307 26484345 . 4.150.6 3.141.1 0.0
w - 78.8% 1201% 9«O{I-é
Bare _ : | .
peat 0.0 . | O.Q | 0.0 0.0 | 0.0
_ Erfophorum . . 26.013.1 25.313.1. 0.640.2.  0.110.03 0.0
Zomastifollun 974k 2.3% 0.4k -
. (Hag 1ip) 2102¢391 18.9:_':208 1061012 _ 09‘2-_|'001 .‘ . Oos'ioo}
.. : ' 2.5%

°9¢T
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The Cryptostigmete composed 32-27 per cent of:the total
mite faunp on £1l 2ites with ﬁhc exccption of the B,
ggggggggg srer where the group wos 79 per cent of the total.
The Zengities of the céyptestigmeta differ significantly in.

the comc rmenner ae the totsl /carine density. The Meso-
stir nta were 2= uor cert of the total fauna on all sites
except, agcin, the eree of E. Vaginatum where they were 12
per cent. The I{rostigmata. conatituted approximately one
rer cent of the totsl faunn on all sites execopt the ¥, |
Yaginatum where 1t tos nﬁw per ccnt. the “etigneta were
recorded only from the hurmocl: top and the hzng lip zone.
™ e nean densities of z«_ca-rina per 10 crz « {30 cote)
on the sample sites of the ersding blenket bog are com- |
porcid with tihe mixed mooy in 'ﬁa‘blé 29. The stiondard error
of the mean 13 also piven. ?’?1::; 21 gkowz the distribution
of th.e cornmon species of !-.cariﬁa on i'esg Flats in die~
‘gm:wutic forn. The samplc sites _aré ammmged in what is
conaid ereé- to be the succession of erosion op degradstion
of uin.'d ngor thz-oug:h to bare peat, and its mitial re-
colonisation by E, M&L_ The common snecios on
the pixed noor and mnnmeck top. were Chggo‘gata;q gchutzi,
Cargbodeg minusculug ond Tectoceohens velstue. I. velatus
and o minuseulys were in significantly greater numbers on
the hummack ton and mixesd moor then on gny other aite |

(P<C.02 Por 2. pinusculus, and PKC.601 for T, velstus).
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Table 29. Hean densities of Acarina per 10 cm . (30 cc.) on the
sample sites of the erosion area of Mosa FPlats compared

Species or
Family

Chemobates
schutzi

pia- ,
Suctobelba

:

Carabodes
'minusculus

Tectocepheus
velatus

\ Platjgoghrus
’ eltifer

l“

Pelops
planicornis

I.icbstadis
similis

seratoppia
bipilis

|'I-rt.hiracax'us
‘Iigaeus

BParasitidae

lodiscus
ninima

achytes
byriformis

R erconidse
Welgaiagidae
‘ .

given.

Nachylselaptidae

Mixed Hummock

moor

9.78
_:_l-l 028

1.85

1-0019

8.91
+1.21

L.80
.-i0025

0.80
40.12

0.23
+0.05

0.03
20.01

0.27
iOoO?

0.76
+0.14
1l.12
_i0025

0.25
+0.05

0.15

- £0.05

0.0L
:0.02

0.82 '

20.12°

0,38

20,07

with the mixed moor.

top

8.45
$0.76

2.60

. +0.49

15,95
3427

16.38
23559

0.63

0.63

1.64
;_!-0 038

0.81
.'_!-0013

0.31
£0.09

_-_l-O.QO

0.10
20.02

0.10
20.03
0.06
io.‘:l
0.54
20.07

"~ 0,18
+0.05
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The standard error of the mean is

Eriophorum
vaginatum

6.11
21.86

0.13
_-|_>0 009

0.27

0.27
20.17

3436
1.49

1.65
30.146

0.0

3.36
10.85

0.0 .

1.23
20.13

1.54
20.51

0.33
O.o

0.22
¢0.08

C.66
_<|_-0016

Bare

peat angustifolium 1ip

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0

0.0

0.0

0.0.

0.0

0.0

Eriophorum - Hag
_i0.0g ioo20
0.34
0'0_ 20.10
0.05 2.70
i'ooOl _-_k0.38
703
0.0 45,09
6.69 0.04
+1.55 40,01
O.LL
0.0 30.25
: 0.03
0.0 +0.01
. 0:03 0.0
10.01
0.04
0.0 +0.01
0.04 0474
0.0 0.0
0.06
0-0 +0.02
0.45
0.0 £0.12
'0.06 0.23
10.01 +0.08
0.12

39.05



Fig. 21.
Diagram of the distfibution of the common species'oflAcarina
on eroding blanket bog at Moss Fiafs.' The sampié sites are
arrahged in the succession of érosion dr degradatidn'of ﬁi&ed
Calluna moor through to bare peat,'aﬁd its initial recoloni--
sation by Eriophorum sngustifolium. ‘The scéie is of density

in thousands per square metre.
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DISTRIBUTION OF ACARINA ON EROSION AREA

SITE
SPECIES

MIXED
MOOR

HUMMOCK
TOP

ERIOPHORUM
VAGINATUM

BARE
PEAT

ERIOPHORUM
ANGUSTIFOLIUM

Chamobates
schutzi

Carabodes
minusculus

Tectocepheus
velatus

Oppia -
Suctobelba

Pelops
planicornis

Liebstadia
similis

Ceratoppia
bipilis

Phthiracarus
ligneus

Platynothrus

peltifer

=T 1 ] | >

' Density in thousands
SCALE ; per metre?

~
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C. schutzi had a significently (P<0.02) higher density on
three 31tes' Mixed moor, hummock top, and E, vaginat tus-
socks than on any other area. Representatives of the Qppi_f
Suctobelba group were distributed similarly %o C. schutzi,
but in much lower densities. The sPecies confined mainly to

both the Eriophoruri zreas was Platynothrus peltifer, which

had a significantly (P0.CO1) higher density on the E.

sngustifolium area than on the hummock top (differehce

between means - 6.06 + 1.77). The difference betﬁeen the

mean densities of this species on the.two gggophopum éreas

was not significent. The neen density of Cerstoppia

bipilis differed significantly at P<0.02 between zll the

sampie sites, and had the highest density on E. vaginaium.
The barc pezt did noﬁ support a permanent population

of Acarina, but occasionally ind1V1dua1s could be found

Whlch had presumably been carried there by the wind. In

some areas of Moss Flats an slgal mat is formed on the bare

peat (see Plate 10). As conditions became drier in -eerly

summer, the peat cracks end the algsl mat flakes away from

the peat surface. Beneath these flakes high humidities

were maintained and P. peltifer occurred.in greatef numbers

than §. schutzi and C. minusculus. A similar habitat to

this occurred beneath flat pleces of sandstone rock exposed

by erosion on the peat (Plate 1C), and here again:gé peltifer

outnumbered all other species. (2; peltifer has beén fecorded |

from moist habitats by Haarldv (1942), Hammer (1946 end
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Weis-Fogh (1948)). C. bipilis was also recorded from both _
" these habitats. It would sppear, therefore, that the bare
peat areas of moss'ﬁlats lacked.a.permanenf mite popuiation
.oﬁlﬁ because it did not afford sufficient protection ffbm
the adverse climatic conditions. |
a) Discussion:

The processes of eroéion of blankét bog afe aSSociafed
with the general drying out of the area as is shown in o
Table 27, and the prevaiung wind. The distribution of
Collembola on eroding blanket bog has been shown to be
correlated with the soil water content of the habitats
. (Hale,.1963). Such a simple picture does not exist for the
distribution of Acarina on loss Fléts. |

The density of Acasrina and fhe species abundance were
not determined solely by the soil water conteﬁts of the
haﬁitats sampled. The number of sbecies or groups present
in each habitat was not related to the soil moistﬁrea' There
were 15 species or groups recorded on the mixed moof and
" hummock top; two habitats which had very differentISOii water
contents (see Table 27). Cnly six species or groups were
represented on the E. angustifolium and twelve were present -
on the E. vaginatum; iwo habitats with a simiiar'soil mois-
-ture content.

In order to examine further ihese differences between -
“the éites, the samples from the special.zone of the hag lip
were studied (Tables 28 andE@).. The hag lip wvas 1ﬁmediate1y
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adjacent to the mixed moor, which supports a populaticn of
L8.,7 + 4.2 Acarine per 10 cmaa- The hag 1ip was the driest

of the sample areas (& mean Index of Humidity of 2.0 ss
compared with 8.8 of the mixed moor), and supported less than
half the mite population of the mixed moor, azlthough 13'out
of the 15 species found on the mixed moor were alsc recorded
~from the hag lip. The hag 1lip zone had a similar soil water
content to the top of the residual'Calluna-hummock, but
supborted less than a quarter of the hummock top mite nopu—
lation of 97.5 4 7. 2 per 10 cm ° There was thus a paucity
of mites on the hag lip, which cannot be.accousted for
solely” by the physical factors measured in the present
study. It should be noted that the highest density of
Collembola (125.20 i+ 8.83 per 10 cm ) has been recorded from
- the hag lip by Hale (19€3).

It is suggested that biotic factors such as the changes
in plant cover which take place as the moor 1s eroded may
determine the distribution of Acarina. Associated with the
changes in the vegetation are the changes in the soil micro-~

‘flora, which may well be important as many speciequf'
Cryptostigmata are fungivordus. The difference between the
hag lip and the hummock top mite density was determined,
therefcre, by the different vegetation cover. It would
gppear that Q; minusculus and T. velatus only could-resist
desiccation and inhabit the micro-cavities of the lichens

on the hag lipe.
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Further evidence in support of thié hypotheeis 1s given-
t by the distribution on the study area of the three common
species of Oribatei: C. schutzi, C, minusculus, and I.
velatus shown in Fig. 21. These species were all recorded

with high densities in both wet and dry hgbitats; from the

waterlogged mixed moor and the relatively dry hummock top.
About the_latter species somé_confusion exists in the litera-
 ture as to. its hebitat preference. It has been found in
high densities in a Swedish bog by Tarras-Wahlberg (1961),
who placed 1t -in the_Mesophilous_Hemiédaphon of the Gisin-
Strenzke life form (ﬁLebensformen) ciassification,‘indi—
" cating that the species requires a relative humidity of 100 \

\

per cent. Klima (1953) has also recorded T. velatus from .
dry hsbitats, Previously, Strenzke (1952) had termed )
I. velatus a 'plastic' species in relation to the following
five environmental factors: Waier content, humus content, |
DH, litter cover, and NaCl content of soil. The distribution .
of T, velatus on the erodingnmoor suggests ihat the species
can withstand greaf extremes of environmentgl conditions.

The erosion of the moorland with the concomitsnt
changes of vegetation cover cause different densities and
species of Acarina to occﬁr. A§ the mixed moor is slowly
degraded by the loss of'ita piant cover to a bare peat

surface, the abundance of soil mites falls, both in respect

of number of species and total numbers. The d;stribution
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-of'the characteristic species of Acarina with the stages
of the erosicn and recoldnisation_cyclevqf Pennine moorland

may be summarised in the following manner:

Erosion | : Recolonisation;

Mixed Hummock Eriophorum Bare. Eriophorum
- — —_> e A :
moor top vaginatum peat angustifolium
Chamobates schutzi C. schutzi . - o -
Carsbodes minusculus - - - . _ _-'
Tectocepheus velatus , - ;_ , S -

- - ' 'Cefatopgia - -

- bipilis ' | .

- - ' Platynothrug Zlatynothrus Platynothrus

peltifer Dpeltifer peltifer
o o rare) C
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X THE FAUNX OF'DIFFERENT,SAMPLING AREAS

a) Introduction :

| In this section the differences-between Acarina 6f the
sampling'argas are discussed. These differences have been
studiéd by examination of the species 'spectrum', the den~ .
sities of the common sbecies and groupé of ﬁites, and the>
. deneity of total Acarina. This approaph is uged in pre-
ference to the sﬁcioiogical>of.biocoenologiéél methods.used
by Haarlgv (1966), Franz (1963) and Davis (1963)'fop soil
organisms, as it.is nét the asséciations of differeht species
of Aéarina, but differences in thé faunas of various habi=-
' tats that are desired to establish. |

The data resulting from monthly sampling have been

used for comparative purposes. In ofder to ﬁlloﬁ for‘seasonal

ﬁafiations in aensity, the data for one year have been grouped.
Mean annual values of the ﬂensity of éach grcmp.and species
have thus been obtained. For each of the twc years sampling_
on;the Limestone grasslénd and mixed Calluna moor, the data
are from 180 sampie units. For the Juncus Bguarrosus moor
and tﬁe Nardué stricta érassland, the data are of 60 saﬁple
units each. In the case of the Limestone grassland, and
: mixednmoor, the two years'data which are combared are_for the
‘same months in 1961 ana>fqr the same dates in 1962, Data
from the Juncus sguarrosus moor are for 1961, -and data from

‘the Nardus striéta grassland were collected in 1962,



145.

In this section, the density is expressed as thousands .
per 10 cm®, and not tc the actual sample unit size of
11.35 en®. It is thus easier to calcﬁlate the density per
' square metre from this corrected data for comparison ﬁith
other studies;

b) Qualitetive differences :

From the data given in Teble 30, it can be seen tﬁaf
there were few differences in the species compositiop df the
fauna of the main sampling areas at Moor'ﬁoﬁsé. Both the '
.peatfsoil of the mized moor and the mineral soll of the
Limestone grassiénd héd 35 species or groups each. The
mixed Calluna moor supported the largest number.of'Crypto-
stigmata species (27), whilst the”Nardus stricta grassland
éite_had the lowest number of species (18) of the same
group. For the Mesostigmata, the largest number of species
or groups (12) were recorded from the Limestone grassland, .
whilst the rest of the sites investigated had 8 to 9 |
species or groups each, Thus, the Cryptostigmata dominated
the fauna of the sites which had a peat soii, end the Meso-
stigmata were recorded in greatest variety frbm the mineral
soil of thé Limestone grassland. |

Two species occurred only in the minergl spil of the

Limestone grassland, namely llinunthozetes semirufus snd
| Cilliba éaésidea; whilst three species: Hypochthonius

rufulus, Cemisia segnis and Camisia bistristus were recorded

only from the peat soil of thée mixed moor, and the Juncus
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Table 30. Species and groups of Acarina recorded from the four
main sampling sites at Moor House. The records for
- the Limestone grassland and mixed moor are for 1961
and 1962, and the Juncus sguarrosus site for 1961
only, and the Nardus stricta grassland site for 1962
only. - _ S
Note: + indicates species present, - indicates species
' not recorded.

% '65 gg Sola

B B 2% g

R =o0l86 Hlals =) of b

Cryptostigmatas _ |

Hypochthonius rufulus S - + + -
Pelops plicatus ' . : + - L+ -
Pelops planicornig | o+ +i + +
Ceratoppis bipilis + + + +
Chamcbates schutzi | + r# - + +
Platzgothrus peltifer + g | R +
Nothrus palustris +. o+ : - o+
Nothrus silvestris , - ;. S +
Oppis-Suctobelba - " + 4 +
Cepheus dentatus o + - s
Phthiracarus ligneus - 4+ + - -
Nanhermaﬁnia'gggg o + o+ + .Hi -
Thyrisoma lanceolata : + '; - +
Caerabodes minusculus | . _. + o+ .
Carabodés marginatua + o+ _ +'- _ -
Licbstadia similil + + . .

Oribatula tibialis + ) + - ;



Table 30 (continued)

Minunthozetes semirufus
Notaspis.gunctatus
Ceratozetes gracilis
Galumné Sp.

Achipteria coleogtrata

Melsnozetes mollicomus

Tectocepheus vela;ug'

Tectocepheus velatus var sarekensis
Cemisia spinifen

Cemisia segnis

Camisis bistristus
Trimalaconothrug_fofeolaﬁus

Damaeus clavigeé | _
hTotal épeéies of erptostigmata:

Mesostigmata:

Trachtes-pxriforﬁgs
Trachytes minima
Olodiscug minima
Rhodacarus roséus

Cilliba cassidea

Limestone
grassland

+ o+

+

23

Mixed

Calluna
moor .

+

27

Juncus

147.
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2] K= =) of o
+ +
+ +
+ +
+ -
+_ -
+ -
+ +
20 18
+ +
+ +
+ +



Taﬁlé'BO "(continued)

Parasitidae

Macrcchelidae

: Pachxlaelagtidae
Veigaiaidae
Digamasellida

Zerconldae

Total number of species and groups
- of Mesostigmata

+

+

12

Limestone
grasseland

. Hixed

. Calluna
moor

.-Juneus ..

+— :

B

gquarrogsus

- moor
Nardus

148,

gtricta
grassland

+
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sguarrosus sites. The mixed moor and the Lihestone grass~
land had a similar species spectrum of Acarina; unlike that
of the Collembola and Tipudidae. Little difference was also
recorded in the species spectrum of Nematoda (Banage, 1960)
on the two sites. A single species, Damaeus élavi es, was
found ohly in the alluvial éoil of the|§§g§H§ stricta
grassland. It has been observed in this gudy thét D,
clavipes was restricted to those areés having a deep litter
layer on the soil surface, and it wae_récofded only from
the litter surrounding the base of the rush, Juncus |
effusus in addition to the Nardus site. Rbodacarus roseus
‘was found only on the Limestone grassland and the ﬁardus
sitea, showing a preference for mineral and alluvial soils.
Fourteen of the thirty species of Cryptostigmata, and six
of the twelve specles or groups of the Mesostigmats were
recorded from all four sample sites. . _

_ It should be noted here that the Nardus stricta
grassland had the smallest number of species 6r groups. (27)
recorded from it, but it supported the highest mean den-
sity of total Acarina (77.83 + L.2L4 thousands per metre?).
It follows that the high mean density of totel Acarina on
ﬁhis site was caused by a higher mean density_of_individual
speciés, and ﬁot by an increased_number or variety of specieé;
The species composition of the four main sample sites

listed in Table 30 were very similar; and the species com-

position did not vary throughout the year.



¢) Guentitative differences :

' Sﬁecies'or groups which have mean annual densitiee in
excess of 1,000 individuals per metre® are considered here.

Consideration will first be given to quantitative dif-

ferences between years on & single sampling,area, gnd then

to quantitative diffeérences beiﬁéeﬁ sites for the seme year.
(i) Annual differences on the ssme sampliﬁg area. ‘ |

The mean annual density and the percentage compositioﬁ
of'the najor groups'of Acariﬁa on the four main sampiing

areas at kMoor House are compared in Table 31. The figuﬁeé

" . sre the mean density and stanaard errcr for 10 cm . -On'

the leestone grassland, the total Acarina d@nsity 1ncreased
.'from 1961 to 1962, and this was caused by a highly sig-
nificant (P<0.00l1) increase in density of Cryptostigmaﬁa,
'Prostigmata and Astigmata. The percéntage of'the'Prostigmata
~end Astigmata groﬁps of the total Acarins density'iﬁéreased
at the expense of the density of the Mesostigmata,'which'
was reduced from 34 per cent (1961) to 21 per centl(1962)
of the tptal,deﬁsify. }Thé Cryptostigmats comprised 62 per
cent of the total density for both years. _

On the mixed moor there was a similéf'increase_in T
total Acarina density recorded in the two study yearé,
which was caused by a highly'significént'(P<0.00i) increase
in the density of the Cryptostigmata, and Prostigmafa;-
Again, the perceptagé of Prostigmeta in the tdtal density
increased slightly from 1961 to 1962, apd the percentage of



Group

Site and.
year

Limestone
‘grassland,

Limestone
-grassland,

Mixed Calluna

moor, 1961

Mixed Calluna
moor, 1962

Junecus sguarrosus
moor, 19%1

‘Nardus stricts

grasaland,

i 1517y an
of Acarina on the. four main sample s8ltes at Moor House.

€ percentage composition of the maJor groups

are the mean density per 10 cm®. and the standard error.

Total
Acarina

1961

)-I-5 02911 o)-lrl
1962 . :

65.7943.19

1962

4i3.0143.09

77.833h.24

Cryptostigmate Mesostigmata FProstigmeta Astigmata

17.91% 0.79

62%

- 28.2h31.29

62%

38.7842.12
93%

62.01+3.50

9%

40.3423.0L
93%

65.9643.82
85%

9.8&30;h3
345

20%
2.85+0.16
7% o
2.86+0.18

- UB

2.55+0,30

5%
909110069 I

13%

9.4140.38

0.94+0.1h-

3%

6. 87:00’49
15%

0.5%

0.8740.12

1%

0.10£0.04
1.2%

0.2%
1.4640.16
1%

The figures

00611'0. 03
2k

20'—}-110021
u%

- 0.14340.03

0,37

 0.2840.07

O.Lu% _

© 0.5140.12

0.6%

“T6T


http://62.01.i3.50
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the Mesostigmata in the total Acarina decreased from seven
to four per cent. The Cryptostigmata composed'93—9u per
cent of the total density in both years.

The data for the density of individual species and

ugroups on the four sample siteéware given in Table 32. 
The mean densitiés of species-which.ﬁere_in excess of 1,000
individuals pér metreé are given. The.results of & c@m— |
parison of £he meen densities'of species and groups between
the fwo study years dn“theﬂsame sample site are given in
Tdble.sj, for the Lihestone.grassland and the mixed moor.
The énly group which sﬁowed e similar change in mean den- -
sity from 1961 t02196é on both the study areas was the-total
juvenile Cryptostigmata. All the species coﬁsiderédﬂwere
either recorded with no éignificant difference in mean den-
vsity between years, or with significant ihéréases or
decreases in mean deﬁsify, which différed on each of the two
sites. The changés in density between~yeatslwhich were
recorded on the two sites 1nvestigafed were not similar,

The changes on the Limestone grasslend between 1961
end 1962 were significant increases in the ﬁean densities
of many species of Cryptostigmaﬁé; and the only species.
which showed significanﬁ-decreasea in mean densities were :
Olodiscus minima snd Trachytes pyriformis. On.the_mixed
moor highly'sign;ficant decreases in mean densities-were

recorded between years for ggétxgothrus peltifer and

 Chemobates schutzi. The Parasitidae showed a significant
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Table 32.- Mean annual densities of Acarina per 10 cm®. on the four main sample
~sites at Moor House. The standard error of_the mean density is given.
' Note: + indicates that species present, but less than 1,000 individuals
per metre?.

Species or Limeatone grassland Mixed Calluna moor Juncus " Nardus
' ' gguarropug stricts
group moor grassleand

' 1961 : 1962 1961 1962 1961 1962
Plstynothrus 1,14 1.64 1.4 0.5L  2.18 8.37
Eeltifer 30011 . :_0018 30013 _100 08 _tO.}l _tl 087
Pelops 1.04 - 1.06 0.4k 0.24 + +
Pelops 1.16  ©  1.57 0.30 . 0.12 + - 0.0
Elicatus :0012 1002“- ;0.06 io 007 :
Chamobates - 0,51 0.01 6.80 3,09 .+ +
-schutzi . $0.09 40,001 40.55 +0.26 _
Nenhermannia O.UL3 1.20 2.36 To2.2L 0 7.6 6.08 -
ana C :0307 30.17 _t0523 "*_30621 il.?B :1.7“
Carabodes 0.67 . 0,63 B.66 11.79 + L+
minusculus 20.08 40.08 +1.35 X1.88 - L
Carabodes 0.62 2.26  1.75 2,20 + 0.0

. marginatus = +0.01 0,05 0.4l 20.45 - :
Liebstadia 7.72 9.57 0.05 0.16 + 2,94
gimilis 40,09 +0.12 40,01 40.03 +0.33
Thyrisoma 5.51 6.09 0.kl . 0,61 0.0 .«
lanceolata - 20.68 10.69 10.07 20.05 , -
gggiae 1,49 - 1.62 2.00 1,66 + 2,77
uctobelba T 40.14 20.16 30,14 20621 - +0.6L

1 ¢



Table 32 (continued)

Spec;ee or
group

Mélanozetes
mollicomus

Tectocepheus

velatus

Cryptostigmata
juveniles

‘Olodiscus
.minima .

Trachytes
gzrifqrmis

Parasitidae

Zerconidae

Limestone grasslaﬁd

1961
0.07
10.02

1.18
2013

9.88
:0-53

2455

10.18

2.16
10.17

3.25
_-tO .18

0.72
20.10

1962
1.94

1.37
io.lh

14,71

;0091

1.62
_tO.lLI-

1.63
_'F_Qol”-
3.26
1.92

t.ixed Calluna moor

1961

0.75

5 J-I.G
iOQIJoO

15.15
+0.85

0.19

0.11

1.28

£0.08-

0.13
$0.02

1962

1.03

5.80

: _-tO .’40

33.15

31.81

) o 22
20.03

0.1
_-;0.014 ,

1.77

:00,13

0.19
30.05

Juncus

Nardus

squarrosus stricta -

moor
1961

) 0_00
2.97
_t0.25

1 26.93
i2abil-

016

20.0L

0,05
i0001
2.50
4024
N n;

e\

grassland
1962 -

- 0.0

+

L2,18

3270

2.20 ’.
£0.26

0,65
20.09

3,07
.'_.'_Oo 28
2.90

20.26

*HGT
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Table 33, A comparison of the mean dansities of Acarina on the

Note: O
T

T ++

same sample site in different years of study (1961
and 1962). Data are shown of the Limestone grass-
land and mixed moor species.

indicates that there wae no significant (P>»0.05) change
in mean density between 1961 and 1962 on the same site.

indicates & significant (P<O0. 05) increase in mean den-

sity between 1961 and 1962,

indicates & highly significant. (P(O 001) increase in
nean density between 1961 and 1962.

indicates a significant (P<0. 05 decrsase in mesn den-
sity between 1961 and 1962.

indicates a highly significant (P<0.001) decrease in
mean density between 1961 and 1962. . -

Species or group Limeetone grassland» Mixed Caliuna mobf
o 1961 / 1962 . 1961 / 1962
Platynothrus peltifer : + L -
Pelops planicornis ' 0 o
Pelops plicatus o . _ 0
Chamobates schutzi _ 0 | -- »
Nenhermsnnias nans e 0 ¥
Capbodes minusculug .O | 0 ‘
Caratodes msrginatus - ++ 0.
Liebstadia similis - ++ 0.
Thyrisoms lanceolata - : ++ 0
Oppia-Suctobelba _ : 0 0
Melanozetes mollicomus ++ o
Tectocepheus velatus :’-_ 0 0
Cryptostigmete juveniles | +¥“ ++
Trachytes pyriformis = - - 0
Olodiscus minima B _ -- f. o
Zerconideze ' . ++

Parasitidse . . 0 ' | : ' ;+;.
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increase in mean density between years on miked moor.

There was not, therefore, a general pattern of change
in gbundance of the common speclies of Acarina for both
sample sites between 1961 and 1962, It might be expeétgd
that a climatic factor, such as rainfall or temperatune;
would affect the density of a species in & similar way'on
both areas, and thereby prqduéé a similer pattern 6f change
on the two areas between years for individual species.

This wes not clearly so, although one species: Platxgothrus
peltifer showed & significant incresse in density on the
Limestone grasslapd between the two study years, and s sig-_
nificant decrease 1n.density'on miied noor betweenﬁstudy
-years. | |

Frpm a2 consideration of the mean density of Acarina -
for 1751 and 1962'given in Table 31, and the data for changes
in the mean densities of speéies in Table'33, it is cbn-
cluded that there was a real increase in the mean population
density of Acarine between years on the two sites studied.
This increase was not due to.a general factor acting on the
total populations of both areas, but it is suggested that
the chenges in mean density were csused by biotic factors
causing a change in the Pppro&uctive.rate,of épecies or
factors affecting the mortality or the specles. The changes
in mean density could not be entirely caused by variable

efficiency of extraction by the high-gradient apparatus, as
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changes of this nature would not favour the extraction of
one species and not another,or the same species in different
habltats. IFluctuations in extraction efficilency might be
expected to oceur seasonally, and they woﬁld be dependéﬁt_
upon the physical condition of the soil samples, e.g. water
content, and field temperztures. In an examination of the
" annugl mean densities of speqies, differences caused by
extraction efficiency would be minimised. |

(ii) Differences between sampling areas.

It can be seen from Table 31, that the Nerdus stricts
site had the highest mean density of total Acarina of
77.82 1+ L.24 thousands per square metre, and tﬁe Limestoné
grassland in 1961 had the lowest'mean density of 28.74 %
1.09 thousands per squareimetre. The mixed moor (hm.BG &
2.16 thousands per metre® in 1961, and 65.79 4 3.19 |
thousands per metre? in 1962), and the Juncus sgusrrosus .
site (43.01 4+ 3.09 thousands per metre® in 1961) had .
intermediate mean densities.

It is interesting to note the percentéges of Crypto-
stigmata in the total density of Acaﬁina on the four sample
sites. In the mineral soii of the Limestone grassland, the
Cryptostigmata were 62 per cent of the total Acariga-which
agrees with_the figure of 57 per cent given for the same
group by Sheals (1957) in pasture scoil., In the élluvial

soil of the Nardus site, the Cryptostigmata ﬁere 85 per
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cent, and in the peat soil of the mixed moor and the gggggg
site were 93 to 9L per cent of'fhe.total Acarinsa. The-
Mesostigmata show a complimentary trend with the highest
percentage (6 per cent) of the totzl fauna on the Juncus
gite. Thus the Cryptostigmata favoured the wet organic
soils of the peat areas, as suggested by Strenzke (1952)
.The Prostigmata reached their_highest mean density_on tbe
Limestone graésland (6,87 3 O.L9 thousands per square metre)

1062, combrising only 15 per cent of the total fauna;
and the lowest mean density on the Juncusg site in 1961
(0.10 4+ 0.04 thousands per square metre) which was 0.2
per cént of the total. The Astigmeta occurred .in highest
density on the Limestone grassland in 1962 (2,41 % 0.21
thousands pér square meire), i.e. 5 per cent of the tofal
féuna, but elsewhere the grbup'did not conﬁribute-sig-
nificantly to the total. |

- From Table 32 the fbllowing conclusibns can be drawn
on the density distribution of the commoﬁ séecies of Acarins
on the sample areas at Moor'House. There were séven species
‘whick had their highest mean densities on the Limestone
grassland, namely : Pelops planicornis, Pelops 1icétu
‘Liebstadia similis, and Thvg;gggg 1anceolata of the Crypto—
stigmata; and the Mesostigmata were Olodiscus min1ma,
ITrachytes pyriformis and the Parasitidse. Elatynothrus
peltifer, th5|922;éf§20tbbelb§ group and the Zerconidae

dominated the fauna of the Nardus stricta gressland. A
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eingle species, Eggggggggg;g gggg,.reached its highest
recorded density of 7.64 + 1;76'thousande per dquare metre
on the Juncus sguarrosus moor. The highest mean densitiee
of'chamobates‘echutzi,-gggabodes minusculus, Cambodes

marginatug, end Tectocepheus velatus were recorded from the

peat soil of the mixed Calluna moor. In general, there was

no tendaﬁcy for thevdensity of individual specles to vary
in a constant proportion im the main environmentis studied
at Moor House.
d) Comparison of the Moor House fauna with other areas
(1) Quelitative comparison, | '
Considering only the L6 species of Cryptostigmate in
the present study, which were given'on pages 35-to 43 , a
comparison can be made with other: studies in Britain '
Europe and Scandinavia; and the results are given in Teble 34,
The closest similarity of the Oribatei species from
Moor House and other British studies exists with the species
lists of Macfadyen (1952) of a Molinia fen in Berkshire, and
with the species recorded by Seyd {1962) from Kinder Scout
in Deﬂoyshire. From the former study there were 14 oribatid
species (: 30 per cent of-the Moor House fauna) in ‘common |
‘with the present study; and in the 1ist of Seyd (1962) there
were 18 species in common with the Mcor House fauna (: 39
per cent of the Moor House fauna). It is to be expecteo'
‘that a simila‘ity exists in the composition of the or1batid

fauna of two_areae of Pennine moorlsnd, asnd the present study



and Europe.

Authority_

S0il type
or
area

Great Britain:

Macfadyen,
(1952

Delaney,
(1956¥

""S8heals
(1957}

~Evans,

(1961)
Seyd, -
(1962)

" Davisg,
(1963)

Molinia fen
Heathland
Uncultivated
old. grassland

Seven forest
soll types

Moorland on
Kinder Scout,
Derbyshire

Minerallsqils;

Northampton=-

~ shire

36
25
12_

22-35

23

21 -

'Number'of Number of .
species
present -

species in.
common with
the Moor

~ House fauna’

1

10

3-8

18

Percentage of
common species’
in fauna of .
area under
comparison

39
Lo

50

W-23
78

. 28

The;species of Cryptostigmata only are considered.

Percentage of

-common species
“in Moor House

fauna
(46 species)

[\
N

(=
W

6-17

39

*09T



Table 34 (continuéd)

Authority So1l type Number of Number of Percentage of Percentage of

or . species species in common specles common species
.area present common with in fauna of in Moor House
: o . the Moor area under fauna
House fauna comparison’ (L6 species)

Europe end Scandinavia:

Tuxen, Iceland | 54 ' 20 37 L3
(1943) < -

Hammer East Oreeiland 60 : TR 23 - 30

“(19u4) . |

van der Drift Netherlands 5 S . 20 15
(1950) o : | o o |

Kunst, - ' Bohemia = 93 18 | 19 39
(1960) - | |

Haarldv, - Denmark | 22 .5 23 11
(1960) ' .

Tarras- Sweden e 13 28 28

Wehlberg, .
(1961) - |

Karppinen, - North Finland 103 v ' 23 - 22 , 50
(1962) | . S . |

Dalenius, Swedish 65 16 - 25 35
(1963) - Lepland g

*191
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confirms this. The similarity of the Moor House mite fauna
with that of the lowlsnd Molinis fen (Macfadyen, 1952) is
due to the peat soils of both areas. Notable absences from

the species 1list of Cryptostigmata from the Reserve were

Platynothrus punctatus, which is mainly distributed through-
' out the arctic, and wae firSt recorded in Britain'b& Seyd

ih 1958; and Calyptozetes sarekensis, also added to the

British list by Seyd (19625. Both these species have been

recorded extenéively from Scandinavia and the,arctic

(Hammer, 194k, 1946).

Ten oribatid species from Moor House (: 22 ey cent of
the fauna of the Reserve) were in céhmon with'the:reéords
of Delaney (1956) for heathland scils in south-west Englend,
and six species (13 per cent of the Moor'ﬂouse species)
were in common with the list of Sheals (1957)‘for'graasland
hebitats, Similér low numbers of species were found to be
in common with Evans (1961) surVey of sevén forest soil
types in the south of England (range from three to eiéht
species in common), and with the study of Davié (1963) on
‘the mineral soils of Northamptonshire (6).

A comparison of the Moor Hduée Cryptostigmaﬁa fauna
with recent Continental studies revealed that 50 per cent
. {23 species) éf the mdoriénd species were also_fecordgd by
Karppinen (1962) in north Finland;_énd 43 per cent of the

Moor House feuna (20 species) were in common with the Iceland
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studies of Tuxen (19L43). Relatively high percentages of

épecies in commoﬁ with the Moor House list were found also
1nla bog in Bohemia by Kunst (1960), by Dalenius (1963) 1ﬁ
Swedish Lapland, énd Hammer (19L4) in east Greenland. The

8ix species of Camisiidae recorded on the Moor House Reserve

were also included in a survey of Cwedish camisiids by
Sellnick and Porsslund (1955).

The species conmposition of the Hoér House habitats
studied had the closest similarity with the Kinder Scout
records of Seyd (1962), and sub-arctic areas such as Finland
and Iceland. | | | |

(11) éuantitative comparison.

| A comparison has been made in Table 35 of the resqlts
of the present work with the relative abundance of groups
of‘the fcarina recorded from various British aoils'by other
workers. Estimations of the density of Acarina prior to
1940 wepe considered to be 1naccurate'for the purpéées of
comparison due to the relative increasse in-extraction.
efficiency since that date.

The densities of total Acarina obtained in the present
study for the mineral soil of the Limestone graSslénd were
higher than those of Dhillon and Gibson (1962) of 22.0 |
thousands-per metre?, and Davis (1963) of 20.7 thousands
per metrez, for areas of simllar soil type at lower alti-

tudes. The closest similarity of the Limestone gressland
results were with those obtained by Sheals (1956 and 1957)
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Table 35. The relative sbundance of groups of Acarina in various British soils.

Populations are given in thousands per square metre. The seven forest

..80il types investigated by Evans (1961) were: Oak, Oak and Beech, Scots

Pine, Larch, Douglas Fir, Corsican Pine, and Sitka Spruce.

Total Crypto= ‘Meso— Pro- Astig=

Authority Soil- type Acarina stigmata stigmata stigmata mata
Salt, et al. Pasture 164.4 - - - ' -
(1948} (November) |
Macfadyen,  Molinia fen . 77.6 69.0 . 6.0 2.0 . 0.6
(1952¥ ’ (12 month- - | . :
| | ~ mean) 89% . . 8% 3% 1%
Murphy ~ Heathland 228.1 - - = .-
(1953) B . | ; |
' Sheals, -  Grassland - 12.2=33¢3 5.0-19.0 L4.0-9.0 0.,2-0.3 . . 3,0=5,0
(1956,1957) (Oct., Dec,, | o _ | .
~ Apl., Oct.) T W1-57% 33-27%  2-1% 25-15%
‘Nef, ° . Forest soil  400.0 = - e -
4(1957) S - R :
Evans, Fordst soils 98.0-452.0 57.0=312,0 5.,0-29.,0 35,0-100.0 1,0-11.0
“(1961) (Spring) : o L _ S
- | o - 58-69% 5=6% 36-22% - 1-2%
' Dnillon end - Undisturbed  22.0 - - - -
Gibson, grassland . .
(1962} 15 month ;
' ’ mean

*f9t



Table 35 (continued).

Authority

Davié,
(1963)

Present

study

Soil type

Mineral soils
{6 month mean

tNov=June)

Limestone

grasgland

{24 month

meens)

Mixed moor -

(24 month
' means)

Total
Acarina

20.7

28.7-45.3

41.9-65.8

Crypto-

stigmata

3,7 . 10.8.
18% . 52% |
1'799"28.2 9.“‘9 99

- 62% - 21-2u%

38.8-6200 2.9 '
9u% W%

Meso=-
stigmata_

Pro-

atigmata .

1.7
&%

009-6'09
3.15%

0.2-0.9

- Q:E"l =% |

Astig-.
mata
s
2%
0.6-2.4
2.-5%t

0-1‘0.0.3

0.2=0 4%

*G91
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for 0ld =nd newly-sown grasslands (12-33 thousands.per |
metre?, but does not exceed it. The records of the total

density of mites in lowlend pasture by Salt gt. 21(_(19&8),
heathland by Murphy (1953) and the forest hsbitats investi- -

gated by Nef (1957) and Evans (1961) were sll in excess
of those found on Pennine loorlandn.
The predominance of species of the Cryptostigmata in

the fauna of mixed moor and the Molinie fen (Macfadyen,,.

1952) ranged from 89 to 9l per cent of the total. 'The,_
percentage of this group in the total fauna of the Lime-
stone grassland (62 per cent) is comparable to that recorded :
by Evans (1961) for forest soils. For the Mesostigmata, a
similar proportion (5-6 per cent) of this grovp was esti-
maeted by Evans (1961) to be in forest seils 88 was recorded
from the peat soil at Mcor House (u per eent) Slmllar
densities of the Mesostigmatas which were recorded in the
present study, were found by Sheals'(1957). Low propprtione_
of.both the Prostigmata and the Astigmata groups were i
found in the Moor House soils investigated, as combared with

- the oither habitats listed in Table 35,
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' XI BIOMASS OF ACARINA |
a) Introduction :

Arn index of the amount of matter entering or leaving a
populetion is the best measure of the'céntribution of that
population to the functibning of the community. This index |
can be expressed as biomass, or ﬁeight of living material,
as proposed by Macfadyen (1957), if the length of life of
the organisme is known. ‘It is evident that the activity of
a species is not only deﬁendqnt on the number of individuals
representing the specieé within the community, but also on
the size and weight of these individuals, that is, the bio-
mess. The total quantity of biomass of a population at any
one time is the 'stock"(: Bestand) or 'standing crop', and
the amount of ﬁaterial produced in excess of the 1nitia1_
stock in unit time is the 'production' (: Prodﬁktion) or
productivity (: Produktivitit).

There are two main limitations of the use of biomass
as agn estimate of.biological activity. Firstly; the live
weights of organisms which contain a large proportion. of
water, give an 1nf1ated_idea.of thqir_biological-signi-
- ficance. The dry weight of an organism cen be used to over-
ﬁome this, or the methéd'of Zeuthen (1947), who measured
total body nitrogen as an index of the content of sctive
protoplasm. Secondly, fhe bioiog;cal activity of equal

- weights of all animels is hot uniform. For exemple, the
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respiratory activity of animals is related to their surface
area rather than ;o their weight. However, mere numbers of
enimals in the soil may indicate.littlé in respect of their
activity, and a means whereby both size end denéity,may be
integrated will give a clearer concepﬁion of the role of the
living méterial present. This can be achieved by_caiculating
the biomass of the 1ndividuals'comprising'the population.

With soil fauna, particularly the mites, the small size
-of many species end their immeture stages 1s a grest dif-
ficulty, and on this aqcount most of the weights must be
‘estimated. Biomass is expressed as live weight per unit
area or volume. .For a given species, it is expréssed as the
sum of the mean weights per individual per agé clgss, mul-
tiplied by the mean density obtained from sampling dataw A
'.complete turnover or renewal of the acarine tiomass every
one or two years, is to be exﬁected on high moorlands; due
to there being one generation annually under thosé
-conditions., _

Van der Drift (1950) calculated the volume of indivi-
duals by measurement and,'in soﬁe cases, by constructing an
enlarged model of the spegieS'ahd.determining its volume.
The biomass of species of Acarina and Collembola have been
eatima;ed by Macfadyen (1952),'by direCt.ﬁeighing of some
of thé larger species, and calculating the volumes'of a
" number of representative adult animsls in the populsastions

being studied. A conversion factor was obtained for each
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species, and ﬁpplied to other ahimals as thew most nearly .
resembled the shape of the welghed species. The volu@eé
were then converted iﬁto weights by multiplication bylthe
conversion factors. However, it was stressed that the
figures obtained in this way only indicated the order of
magnitude of the biomass. ' | |

Dufey (1959) obtained better estimates of the biomass )/;,
of'oribatid mites, by considering their shape to be ellip-
soids or.hemi-ellipsoids surmounted by a cone. The.volume,
¥, was then calculated by |

v=4 17w Lxbxd
3 8

- which simplifies to:

v=0.524 x Lxbxd
for ellipsoids, and by |
. v=TmTLxbxd
—T

;'which simplifies to:.

Vv=0,393xLxDbx d--
for half-ellipsoids surmounted by a cone; where L-is the
length,.p the breadth, end d the depth of the mite in bvoth
cases. To estimate the weight, the volume pbtéined in this
ﬁay is then.multiplied by the denéity (l.l).. Direct Weighing
of individual animals with an électro-magnetib balance
(Berthet, 1958) has shown.that the above method is not

sufficiently accurate for the estimation of biormass, due to
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the high densities attained by somé species. Berthet (1958)
has also observed that individuai variation'between_speci—
mens iB extensive in some épecies,'whiie ;n others the |
welghts are relatively uniform. , '
b) The weighte of Acgg;gg.obtained in the present study:

A series of live weights of common species of Acarina
have heen obtained in the present gtudy, in order to'esti-
mate biomass in moorland soils. Adult specimens only'of
each species were weighed. A general mean welight for the
immature forms of the Cryptostigmata was obtaiﬁed by weighing..
representative'groups of different Instars and sizes. Mean
- live weights of representatives of the common families of
fhe Mesostigmata were obtained‘similérly. No measurements
of the Astigmata and Prostigﬁata were made; as these gfoups
contributed little to the total biomass of Acarina due to
their low densities on the_aiteé studied. |

The mites were extracted in a Tullgren fumnel from
litter and moss from Moor House; coliected'on water; and
sorted into species and groups. IThe specimenslwere killed
by placing_them in an atmosphere of ethyl_acetate; allowe@
to dry on filter baper for e feﬁ seconds, and welghed
ihmediatély. Erom 10 to 60 speciméns were weighed at one
time in a miero silver foil boat on an Oertling analytical
beam balance (model 147) at room temperature.

Dry weighte were obtained by drying the specimens at
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105°C in an air oven for 24 hours, and reweighing‘to con~-

- stant weight. The means of live and dry weighis for the
spécies and grdups exémined are given in Table 36;'with their
gtandard deviations. ;The'ﬂry weighi, in most cases was:
approximately oné guarter to one third of the-live:weight.
The water content of the tofal live weight of-adult speci-
mens ranged from 50 to 71 per cent by weight. '

A comparison has been made, as far as the data will
gllow, between the live weights (in ag.) recorded in the pre-
sent study, and the welghts determined by van der Drift
(1950), Mecfadyen (1952), Dufey (1959) and Berthet (1963)
using the methods outlined gbove., Live weights of those
species of similar sizé or in the same genus recorded by
these other workers, are included in Table 37 for compafison
with the present resulés. There aﬁpears to be no reqords
of live weights of'the;Mesostigmataw and So a comparison is
not possible, | l '

From Table 37, which coﬁsists'only of the Cryptostigmata,
it can be seen that there is a good agreement betweeh the live
weights of Oribatei mites recorded by Berthet (1963), and
those of the present work. There 1s a congiderable dif-

ference between the respective welghts of Carabodes femorslis.

(Berthet, 1963), and Cargbodes minusculus (present study);

two species'which would be expected to have similar iive

weights from their similar size and shape. Macfadyen (1952)
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Table 36. Mean weights of adult specimens of Acarina (except where otherwise stated)
inpge (Lpg. is equal to 1/1000 mg). The standard deviation of the
mean weight is given. ' : '
' Note: - indicates no figures available,

Species Mean weight . Percen- Number of _
or _tage water ‘8pecimens Number of
group " Live o Dry content weighed weighings
Nenhermennia = 17.2 3+ 1.4 7.4 & 0.5 57.0 30 2
nang - '
Platynothrus 56,0 + L.B 25.6 4+ 1.8 = 53.6 60 .6
peltifer oL e SR T o
in- T 2,0 1.0 . 50.0 30 1
. Suctobelba ' / _ : |
- Tectocepheus L.8 B 1.7 6L4.6. 30 R |
velatus o . ‘ ‘ : : _ .
Phthiracarus 76.5 + U.6 22.5 + 1.8 70.6 30 3
iigneus @ ; T s o _ | . _
Ceratoppis . 63.8 + 2.8 20.5 3+ 1.5 67.9 60 o 6

!

Chemobates . . B8:3 &+ OJi 2.5 3 0.6 69.9 . 60 3
schutzi ~ o . v : IR _ .

f'ﬂ"abcdﬁs 28.:4 C 10 ull- ’ . 63 0,4- . 30 . . 1
minusculus : : ' , o : | _
Immature . 3.3+ 0.9 = - 100 2
-Cryptostigmata ) . : : .

Olodiscus = 15.6 .~ . 5.2 = 66.7 20 - 1
minima _ , _ : '

Parasitidae 258.4 4+ 39.9 103.2 4 25.7 60.0 .10 2
Macrochelidae OBl 4 96.6 150.9 £ L5.5 63.1 .10
Veigaiaidae 139.6 + 24.7 65.7 4+ 18.2 . 52.9 10 2

N

*2lt



Table-3%

Species

Nanhermannia
elegantulsa

Nanhermannia
nana

ngochthonlus

rufulus

" Nothrus
palustris

Nothrus
sllvestris

Plstynothrus
eltifer

Suctobelba
subtrigona

HOS

Tectocepheus

velatus

Carabodes
femoralis

Note:
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Mean live adult weights (in mg.) of species of Crypto-
stigmata.
to those of previous WOrKers.

The résults of the preeent study are compared-

- indicates that no recoras are available.
1 mge 18 equal to 1/100C mg.

van der Macfadyen Dufey Berthet _Pfesent
‘Drift *(1952§ (1959) (1963) - work
(1950) . . o
8.8 9.5 C15.2 1841 -
- - - 17.2
- -~ - 18'2.5 T -
’-l}-l.O - . - . ,4701 . -
5540 - 56.8 62.8  56.0
- - 1.0 '"~,1;3
| | 2.0
202_ 005 i 207 O. Hh - Se 5 1'3 = 3 1
- - 53 e3 6li.8 63 8
L.l 2.5 302 0 L2 4.8
- - - 426 -
- e - 28
9.9 - - 6.5 -
- - - : ‘T._ 8-3
- 59 . .= = " 76.5
- - "‘ 162&1 ,r =

- - - 89.2 75.7 -
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has estimated a low weight of:5.9/ug. for'ggggiggggggg
ligneus, which seems ﬁnacceptable. All the weight esti-
hations by this author asppear to be low, and should be
treated with caution. There is‘also a marked difference
between the weight of Phthiracarus ligneus (present study)
end the weight of Phthiracarus mpiger (Berthet, 1963), but
this latter species is larger.

c) Biomass of Acarina at Moo House :

An estimate of the biomass of mites on the Mooﬁ House
sa@ple areas has been obtained by multiplication of the mesn
live welght and the meen density of each'species from
sampling data. The bilomass has been expressed as gremees
rer sqguare metre. For aspecies ﬁhich have not been weighed
in the present siudy, the mean live adult weights deter-
mined by Berthet (1963).have been used in the calculation
of biomass. From the everage annual density of Acarina on
the sample sites at Hoor House, biomaés estimates have been
made for the different areas, ranging from mineral soil to
peat moor. The biomass estimates of Acarine are compared
to the mean density on the sample areas in.Table_BB;. |

Generally, it csn be seen that the greater biomass occﬁrs '
on the areas which have the highest density of Acarina. The
lergest biomass was recorded from the.Nﬁrdus ggg;ggg grass-
land site, which also had the highest density of mites.

The lowest biomass of Acarina occurred on the hag lip zone



-!a!!e 38 . kstimated average annual blomass of mites for the Moor House sample sites,

compared with the mean annual density.

per square metre) is given.

- Bite _and year

Limestone
grassland

(1961)

Limestone
grassland ‘
(1962) -

Mixed Calluna
moor (1962

Mixed Calluna
moor (1962

Juicus Bguarrosus
. moor (19% ’ :

Nardus stricta
grassland (1962)

Erosion area (1961)

Hag 1ip
Hummock;top
Eriophorum

engustifolium
" Eriophorim '
'ﬁigfnafum

- Live-weight biomass
.CPyptosfigmata

0-25 )

0.17
0.93

0.59

0.6U

O.?2

O.42

0.hLOo

0.15
0.28
0.10

0.31

The welights are grammes per
square metre, and the standard error of the mean density (in thousands

Total
liesostigmata Acarina

0.89

1.08

l.11

1.12

0.91

1.85

0.31

1.21
0.54

Acarina Live—weight
density biomass of

x 10 100C individuals
per square in g

metre
28.7441.09 0.0307
45.2941.41 0.0240
41.86+.2.16  0.0264
65.79+3.19 0.0169
43.0133.09  0.0210
77.83h.24 0.0237
21.2243.11 0.0148
97.5247.17 0.0125
26.014+3.14 0.0208

| 3

314.,0243.70 0.0265 be


http://26.01i3.lU
http://3U.02i3.70
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of the eroding blanketvbog, where low populations of Acérina
have been found. |

There was little change in the total biomass between
years on mixed moor (ege Table 38), although the population
increased; but there was an estimated increase cf 0;29 Ee
per metre® in total bicmass on the Limestone grasslend from
1961 to 1962. This increase was due to a marked incfease
from 29 to 45 thousandlindividuals per square metre. 'Both
the component Cryptostigmata ¢nd Mesosfigmata showed an
increase i biomass. .

The final column in TaﬁlejﬁSéhdws that, on average,
the individuel mites tend to be largef on the Limestone
grasgland; This is due to a higher proportion of large
sﬁecies rather than the individusls of the same species
differing in size. | |

a) Seﬁsonal variation in biomass @

The total biomase of Acaring has beeh calcﬁlafed
monthly for the Limestone grassland and mixed moor for both
the study years (1961 and 1962). The seasonallyariation in
totel biomass is shown in Fig. 22 for both sites. The bio-
mass of the Cryptostigmata and the Mesostigmata ié also
showm. There was a difference between years in the seasonal
variation of biomass on both the sites studied. The main
- peaks of bionass of Aca;ina in 1961 odcurred in April on the

Limestone grassland with estimated biomass of 1.25 g. per



|

Fig. 22, | ]
‘Seasonal variations in the eatma ed ‘biomass of Acarina on
the Limestone grassland and mixed Callunsa moor .« The data are
of two complete years, 1961 and 1962. The biomass is expressed
as grammes per square mstre, and data for the Cz mtostigm ata
and Mesostigmata groups art, given. '
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métrez, and in June on mixed moor (2.5 g. per metre®). In
1962, the highest biomass was estimated for August on the
Limestone grassland of 1.65 g. per metre?, Thus, the:1ate
"spring of 1962 apparently affeéted the population density of
nites, and was reflected in the occurrence of 1ate'peaks of
biomass in both areas. The péaks of high biomass on hotﬁ
the sites coincided with the period in the year when young
forms were maturing to the adult stage, and when the Meso-
stigmata occurred in greatest densiuv.

On the Limestone grassland area, the majority of the
bilomass (69.L per cent) was composed of the Mesostigmata,
eand the periods of high blomass were éaused by an_increase"
in the density of the Parasitidae. The Crypfoatigmaia con=-
stituted approximately 31 per cent of the total biomass on
this site, end the biomass fluctuated only sllghtly through-
out the year. On the mixed moor, there wes a difference in
that the Cryptostigmata were 63.1 per bent of the total bio=-
mass. The contribution:of the Mesostigmata to the to£a1
biomass was reduced to :6.9-per cent. Again;,the biomass of
this group fluctuated 11tt1é,during the year on mixed moor.

The predominance of members of the Mesosfigmata in the
fauna of the Limestone grassland, showed itself in the
increased total biomass on that site compared to mixed moor.

e) Comparison with previous studies :

A comparison of the-eStiméted biomass of Acarina on the
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Moor House sites withlprevious studies is made in Table 39.
The estimates for the moorland areas range from 0.31 to 1.85

g. per metre® for populations of 21 to 77 thousand Acarina

per metre®; and compare most favourably with the eétimates
of 0.23 to 1.40 g. per metre® by Macfadyen (1952) for the
‘biomass of oribatids of a Molinia fen. The maximum estimated

blomass for total Acarina of the Moor House Biﬁes also shows
similarities to the estimates of ven der Drift (1950) of
1.9 g. per metre? for total fcarina of beech litter, and to
the estimstes of Stockli and Koffman (quoted in Kuhnelt,
1961) of 1.5 g. per metre® for miies and Collembola of a
Swise meadow. _ .
It is suggested from the blomass daﬁa presented, thﬁt
the Acarina may make a much smaller contribution by weight
to the soil turnover on.moérlahds then their numerical abun-

dance suggests.




Tadble 39-

gtudies,

Authority end

year
Bornebusch Acarina
(1930)
Bornebusch: Acearina
(1930) o
Bornebusch Aearina
(1930)
van der Drift Acarins
(1950)

' Volz Smalli..
(1951) arthropods
Hacfadyen . Oribateil
(1952) -

Nef ~ Acarina

1957)

a compilation)
Stockll &and Mites and
Koffman Collembola

(in Kuhnelt, 1961)

Macfadyen Acarina
(1961)
Acarinas

Present work

Animsl group Scil type

Molinia Ten

and mineral

Comparison of the estimated live-weight biomess of
Acarina (in g. per metre‘) at Moor Houee with previous

Note:~ 1ndicates that no figures are available.

Density in -

179.

| Biomass

thousands g.per m? g.per
per metre®

Ogk mull -
Beech mull . =

and beech
raw humrus

| Spruce mull -
"and epruce '

raw humus

Beech raw 32
humus

Hest German -
forest solls

Spruce ~ hoo

plentation,
and deciduous
forest with
mall esoil

Swiss
meadow .

300=450

Grazed . -

meadow _
Upland peat 2le77

aoils

33=220

0.6

0.3
05

1.9

1.82

1000
indivi-
duals

0.059

O. 23-1.&0 0.0067=

1.0

1.5

3.0

0,0070
0.0l

0.00&

0, 31-1 85 0,0148=-

O. 0240
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XII LIFE HISTORY STUDIES
a) Introduction :

Since the ploneer studies of Michsel (1883—1887) on
the life histories of the Oribatei, many laboratory culture
studies have been made by Jacot (1936), Grendjesn (1950a),
Riha (1951), Sengbusch {1954, 1958), Pauly (1956) and
Woodring snd Cook (1962). The attention of workers has
recently turned to the sfudy of the life cycles of oribatid
mites in the field, and the lack of identification keys for
the immature stages of many of the common s80il species hae
been the main reasson for such studies. Haarlgv (1960)
worked out the life cyéles of soil-dwelling_species of
Acarina from field datas collected by regular aampligg. More
recently, Hartenstein (1962 a~f) has given life history data
for several species of Cryptostigmata. Life history studies
of the Mesostigmata have been made by Karg (1961) and
Hartenstein (1962 h end-i). The present studies were under-
teken to obtain information on the biology and life histories
of oribatid mites under sub-arctic c&nditions from materiel
collected in the field. ,

b) Platynothrus peltifer (Koch 1839) :

Platynothrus Beltifer.occurs in soils throughout the
Palearctic region (Karppinen 1958), Dalenius 1960, and
Haarldv 1960), end in Greenlend (Hammer 1946). The life
cycle of this species has been studied by Grandjeen (1950),
Héarlﬁv (1960) and Hartenstein (1962 d).
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The adult of gg'ge;tifer.ﬁas first described and
figured by Sellnick (1928), and as Hermannias bistriata

(Michael, 1887). The adult deposits eggs singly or in
batches of three or four (Grandjean, 1950), snd feeds on
decaying leaf or wood tissues and fungi (Hartenstein,
1962 d). Hsarlgv (1960) concluded that P. peltifer hed a
single generation each year in the field, the larvae
| ~appearing in August and ‘September, and the rest of the life
cycle was completed during the following 11-12 months.
Hartenstein (1962 a) alao considered that this species had
one generation ennually in leaf litter of the Tully forest,
-New York. | _

An eanalysis was made of the immature material of B,
‘peltifer, obtained from regular monthly samples in- 1961
from the Limestone grassland at Moor House. ' The juvenile
forms were identified with the'help of deécriptions and
figures by Grand;éan (1950), Tuxen (1952) and Hartehstéin
(1962 d). The four 1mﬁatuﬁe stages were separated, initially,
by measurements of the width of the propodosoma, the'léhgth'
of the propodosoma.(excluding the gnathosoma), and_léngth
of the first leg (from the distal part of the coxal segment ,:
to the tarsus). It was found that the length of the first
leg was the best measurgment'té use, but.tne frequency distri-
‘butions of these valuesloverlapped for the instars. The
measurements were separated usihé prébability paper by the

method used by Harding (1949) for the analysis of pol&mddal
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frequency distributions. The frequency distribution of the
measurements for each afage epproximated to a normél,
dietribution, and plotting the values obtained on'pfoi-"
ebility paper produced & straight line for each normal
distribvution. The méan value of the measurement, and standard
deviation for each instar was then obtained from the graph,
This part of the study was carried out before it was realised
that the immature staées could be separated on-the‘number
of genital discs end the setation of the genital and anal
plates. This method has obvious use for specieé wﬁich 1éck
obvious structural differences to assist in the separation
of the instars. The mean 1eﬁgth of the first ieg obtained
fof each stagé and the standard deviation is given in Table
40, with Dyar's incresaese factor for esch moult.
Teble 4O, Mean 1ength of first leg of instars of Platynothrus
peltifer obtained by probsbility analysis. The

mean measurements are given in millimetres.

Instar Mean length of first leg Dyar's increase
in millimetres. (distal part factor
of coxa to tarsus) . -

Larva 0.131 3 0.007 -

. . - 1.37

Protonympha 0.180 ¢ 0,018 C :

_ 1.31.

Deutonympha 0.236 3 0.02L
o 1.28

Tritonympha 0.303 + 0.023 '

- 1.25 .

Adult 0.380 + 0,017
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The life cycle of P, peltifer under upland conditions
is given in Fig. 23,iwith the percentage composition of
each stage 6f the total number of specimegs'collected on
each monthly sample date. Larvae were found in the samples
in the period January to April, and in August, September
and December, 1961, The species overwintered meinly as
eggs, larvée, protonymphae and adults at Moor House. This
diségrees with the results of Noordam and de Vliegef (1943),
who recorded that P, geltifer overwintered only in the adult
stage, and that nymphs occurred in'fhe oak litter studied
from February to June in the Netherlands., Peaks of relative
abundance of protonymphse occurred in February and November,
and of deutonymphae in May, and of tritonymphae in July. A
relative increase in adult density was recorded in August
and Jamuary of the study year. | |

It is clear from Fig. 23 that P. peltifer has a single
generation per year under moorland conditions, the-eggs
hatching in autumn andithe rest of the life cycle bei@g con-
pleted in the following 1ll-12 months. From Fig,.23 thé
duration of each instar has been estimated. The larval
stage is one month in 1ength, the protonympha] stage laste
at least three months, the deutonymphal stage 1s.two months
and the tritonymphal stage is about one month at Moor House.
This agrees with the results of Hearldv (1960) for this
species in litter of = hawthorn thicket in the Jaegersborg

Park, Denmark.



Fig. ?3.
Life cycle of Platggothru peltifer at Moor House in 1961. _
- The material was collected from the Limestone grassland eite.”_
The h*stograms indicate the percentaga of each instar, in the_ |

total number of all stages, on each monthly sampling date.“-
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b) Damseus clavipes (Herm. 1804) :

This species was recorded from the Nardus stricta
grassland and the 11£ter around the base 6f the rush Juncus
effusus at Moor House. The adult has been described as
Belba clavipes by Michael (1883-7), and by Kulczynski (1902).
Pauly (1956) studied the bicbgy of this species in culture,
but no data are available on the life cycle in the field.

The juvenile material of D, clavipes fromnnnfhly samples
of litter from Moor House during 1961, was ééparated into
instars by the number of genital discs and setee on the

genital plate. The diagnostic cheracters used in the -
identification of th; stages were as follows :=- _
l, Larva: Three pairs of legs present, and the geﬁital
plate absent. Anal plate has a single pair of short setée.
2.  Protonymphaﬁ Four palrs of legs present.. The genital
plate bears oné peir of setae, and has a single pair of
genital discs. The anal plate has two pairs of setae flenked
by three outer pairs of Setae;
3. Dedtonymphs: The genital plate has three pairs of setae,
and twe pairs of genital discs. The anal plate has fhree
- palrs of setae flanked by three outer palrs of setze.
L. Tritonympha: Five pairs of setae present on the genital
plate and three pairs of genital discs. The anal plate hés
five pairs of eetaea.

To confirm the separafion of the immature sﬁages,

measurements were made on each instar of D, clavipes, and
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the means of the measurements with the standard deviations
are given in Table 41, The Dyar's increase factors have
been caleculated for each moult, and it is interesting to

note that the greatest increase was recorded between the

proto~ and deuto-nymphal stages in all the measurements,
with the exception of the length of the first tersus. The
protonymphal stage waa_also'esfimated to be.the longest in
‘duration from field data ss shown bélow. It can be-seen
that for all the adult measurements, the female 1s sig-
nifiéantly larger than the male, which was observed'by Jacot
(1934, 1936) - | |

The 1ife cycle of D. glavipes at Moor House is éhown
in Pig. 24, The ﬁercentage composition of each stage in
the total number of specimens collected on each sampling
date is shown, end the data are grouped on a bimonthiy basis.
Larvae were present from July to Uctober, 1961, indicating
that D. clavipes 18 a species in which egg laying is con=-
fined to the summer months under sub-arctic condltions.
Protonymphae were found In the period September to February.
Deutonymphae were absent from the samples in July and |
August, but this stage had a spring and zutumn pezak of
relative abundance. Tritonymphae were preseht throughout
the year, but were a high percentage of the fétal numbers
of this species in NoveMber,:Deceﬂber,»uay;vand June,
Adults were recorded from sgll ﬁhe monthly'@amples,.and had

e maximum density in July and August which was caused by




._Fig. 4. .
Life cycle of Damseus élaviges at Moor House in 1961. The
material was coll?cted.from thé litter of Juncus effusus on
Troutbeck Flats, (see Figa 1), " The histogréms indicate the
percentage of each instar in'the iotal ﬁumber‘af all stages
on each sampling déte. 'Thé data ape-preseﬂted in bimpnthly

groups.
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Table !1. Mean measurements in millimetres of all stages of Damaeus clavipes.

number of sgpecimens measured of each stage is given 1n brackets below the
name of the stage.

Character Larva Protonympha Deutonympha Tritonympha Adult
measured {5) (11) (22) (21) Female Male
. . ' (2u) (21)
. width of 0.115 0,149 0.195 0.250 0.285 0.268
i propodosoma 20.019 20.004 +0.016 10.024 £0,027  30.023
| Dyar's factor 1.29 1,31 © 7 1.28 1.10
' Length of 0,360 0.465 0.676 0.839 1.067  0.958 -
Dyar's factor - 1.29 -~ 1.45 1.24% 1.20
Length of = 0:163 0.240 0.271 0.323 04345 0.330
first tarsus 40,031 . ' "40.017 10,029 £0.040 - 10.028 40,009
Dyar's factor 1.47 1.13 1.19 1.04
Length of - 0.637 0.808 1.254 1.609 1.851  '1.663
enal plate 40.059 40,088 40,076  30.133 +0.106 . +0.177
Dyar's factor 1.27 - 1.55 1.28 1,09
Lengt‘ of Genital. 0.576 0.871 '1.166 = 1,929  1.653
genital plate plate 10.045 - £0.066 20.101° 40,113 40.106
absent o . o _ o
1 . 51 1, 3’4 - . : 1 ° 53

Dyar's factor

Y981
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tritonymphae maturing to the adult stage st this time,
D. clavipes overwintered in all stages except the léfva
and commonly in the tritonymphal stage, and had a single -
generation per year at Moor House, |

From Fig. 24, the larvel stage of D. clavipes was
estimated to be one month in duration, the pfotonymphal
sfage_to be five months, the deutonymphal stage to be two
mohths, and the tritonymphal stage to be two months in _
length. Thefpostembryohic development fron'the hatching of
‘the egg to the emergence of.the adult ﬁas 11-12 months for
this species under fiéld conditions. Pauly (1956) has_
observed the development éeridd'for.ihe saﬁé spec1es in
culture at 25°C‘;nd 95;per-centlpe1at1ve humidity to be 75
days. Sengbusach (1958) has observed that the postembryoniec -
development périod is extended ﬁy lowering fhe ﬁemperature :
in Galumna nervosus. This worker reéorded that pﬁis period
was extended from L3 deys at 25°Q and 95 per cent relative
humidity,'to 63 days et 20°C and a relétive’humidify ofl95
per cent (a drop of 1°C in temperature lengthened the develop-
ment by four days). -Simtlariy,'Wbodring And Cook (1962) |
have recofdgd.a lengthening of the'developmental peribd in
Ceratozetes ciéalginus from 32 days at 25°C and 95 per cent
relative humidity to 70 days &t 5°C end 95 per cent relative
humidity (: & drop of 1°C lengthened the development by 2

days) .
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In both the species studied in detzil in the present
work, the prétonymphal stage had the longest duration,_and
the highest Dyar's increment factor was calculated for the
moult from proto- to deuto-nymphal stsge.

. Eggs were observed in adult femalee oflgadglgggggg

using normal clearing methods, end the data are given in
Teble 42. It can be seen that the percentage of females
recorded carrying newly fully develdped eggs.was'highest
during July, September, October and Decembef,'thereby con-
firming that egg laying took place in sutumn in this speciles.
The mean number of eggs recorded 1n,each adult female during -
the.year of study wes eight. Pagiy (1956) has calculated
that a single female of this species laid 70 eggs.

' These life cycles show that the duration -of thezpostf
embrybnic development of Acarins is much ldnger in sﬁeeiee
" which are subject to & severe subarctic climate,-than in
gpecies which experience ; milder elimate in lowland habi-
tats. A single genersation annually:is eoimon'aqongst'séecies '
of the Cryptostigmaeta at Moor House. Since'adults of‘nearly .-
all species were found in every month of the year, 1t seems
likely that the duration of adult life must be about a year

or more, rather than g few weeks.
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PDate

160 1.61} )

13. 2.61

13, 3.61)
26, 4.61

29. 5. 61
50 6661

18. 7

. 25. 9.61
23. 10 61

'2h 1ll. 61
11 12,61

|
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Percentage of adult females o:}ggméeus 61§vigee.
with egges during 1961; The data are grouped on
a Simonth;y basis. 'The number of eggs per fémale

is also given.

Number of adult Percentage.bf'-'nean number of

females recorded females with eggs per female
SRR : .‘eggs: n
L 50 L
6 67 7
7 71: 9
5 .'sd 9
| u _ o -: '5' }09' ._5_ 8,
u,. _' ~ : ioq. o 9
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XIJI DISCUSSION

In discussing the presenf studj in relation to a wider
field of knowledge, the review will be in terms of the
population dynamics of soil Acarina and the role of‘Acarina
in moorland soils. |
'~ The population dynemics of soil Acaring
Much has been written of the significance of seasonal
" fluctuations in the abundance of soil micro_arthropodso -'
Most workers assume that climatic flactore are malnly res-
ponsible for changes in population density by affecting
the birth rate or mortaiity. The importance of soil -
moisture has been demonstrzted by Ford (1938) for Acarina,
Glasgow (1939) for Collemhola, and Weis=-Fogh (19&8) for
bdth mites and Collembola; ' The fauna is said to owe its
summer miniﬁum to droﬁght, énd the winter minimum,>when it
occurs, to low temperatures or excessive molsture. The
gutumn or winter maxima of demsity are attributed to idesl
moisture conditions. |

The peak populations of Acarina oﬁ the Moor House.sites
in 1961 ocecurred one @onth previous.to the driest soil CONe=
ditions, which were in June. The minimum, therefore, did
not occur at the time cof dfieét 801l conditions, but in
August and September, when thé s0il water content of the
gites was similar to the rest of the year. It is unlikely
that the August -Septeéember minimum was the delayed result
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of the relstive drought in June. From the study of the
distribution of the Acarina on an area of eroding moor at
Moss Flats, it has been found that soil moisture alone does
not mafkedly affect the abundance snd distribution of the
fauna studied. |

It has been shown thet there is very little evidence
of seasonal verticai movement of nites in the soil types
studied. Only on extremely rare occasions ddes the peat
dry out (the last occasion was in thé summer of 1955), and
desdccation is obviouslyva less important risk under these
.conﬁitions than at a lower altitude and in places.with lower
réinfall and higher temperatures. The data collected
sﬁggest_that the relatively small changeé in water content,
and presumably even smaller changes in therrelat;ve humi-

dity of the soil spaées, sre insufficlent to cause the

| mites to move from their preferred verticél range. Other
workers (Strenzke, 1951 and Macfadyen, 1952) éfudying
mites in dryer soilslhave reported seasonal verticél '
migrations but in the present study, only one species,
Rhodacerus roseus, showed maerked movements. This species
tended to be distributed deep in the soil, and it is un-
likely that this vertical migration was causéd by the
climatic cohditions since it moved towards the surface at
the time of year when these. are driest and warmeét. Under

these conditions it would be expected to find a downward
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movement._ The study of the biology of this speciés would
repay further study. _ _

Both Riha (1951) and Sheals (1957) have suggested that
certain species of Acarina migréte from the soil and litter
opto the herbage at certain times of thé year. This could
give the erroneous impression frbm s0il samples thﬁt thé
population was at a minimum at this time, No evidenéé of
this type of movemenﬁ waé found at Moor House, -although
" the vegetation was sampled 6p several occasions fbr.evi*.’
dence of this. Thus it can be confidently assumed that
the August population minima which occgrred on mixed moor
(with rank cover of Celluna vulgaris) and on the Limestone
gréssland (with closely.cropped'grass, which gave the mites
little chance of vertical movement) were real, | '

. On the othef hand, temperature would appear to be of.
considerable importance in influencing the seasonél ébun-
dence of Acerina, and this becomes more important in colder
climates. It would eppear likely that-temperature'reétricts
the breeding season 6f adult mites. If.éertainlyfiimita
the development pericd of the eggs and therefore thg regruit-
ment to the populations studied. The hatching of eggs
which have overwintered is certainly an important faétor
in producing the spfing peak of density, and th;s ig'con-

firmed by the'increase_in the juvenile : adult ratio 6f

Cryptostigmata at this period. The rapid increase in
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temperatufe.in the late spring must result in an almost
similtaneous hatching of eggs which were layed in the
previous autumn.

The second peak of hatching (and of overall abun@ance)
' in the autumn is less essily explained. Clesarly it cannot
be the result of theAwater conditioﬁs in the soil as has
been suggested by other authors, but it could be the
result of mites which have matured in the spring laying
eggs which hatch in the aﬁtumn. For such an explanation,
it is necessary to have two main periods of egg hatching;
in the late spring and the autumn. This could result from
there'being-two mein types of 1life cycle in the Acarine of
the soil, namely those which lay eggs in the autumn and
hatch in the spring, and those which lay eggs in the
spring and hatch in the sutumn. These probably represent
different speciea, although at lower altifudea, where more -
specles may have two generations a year, they would repre-
sent a bivoltiﬁe annual cycle. Froﬁ the life histories of
the species studied,.it is élear that this is somewhat an
oversimplification, but nevertheless it is clear that
Platynothrus peltifer contributes to é spring hatch while
the eggs of Damseus clsvipes hatch in the autumn. .

Under more extreme climaﬁic conditions thanlat Moor
Bouse, such as in the arctic, ﬁhe season of asctivity for the

Acarins is go reduced that there is not time during the year
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- for more than one short period of repréduétion. Under
these conditiéns, hatéhing must occur in the sﬁmmer and so
this is the main, if not the only time of the year when
recruitment can occur. ' Consequently, only a single peak of
sbundance can occur under these conditions and this has been
demonstrated'bﬁ Hammer (1944) for the mites of Greenland and
by Stockli (1957) for alpine populations.

Obviously other factorS'influence’the abundanée 6f
- Acarina. Predation by'other brganisms such as small spiders,
staphylinid béetles, Pseudoscorpionidae and species of the
Mesostigmata will affect the density of cryptostigmatid soil
mites éccording to Kuhnelt (1961). As these'groups oceur
in low densities on the sreas studied, mortality of the .
Cryptostigmeta due .to prédatipn by these organisms is pro-
'bsbly not high. It is'suggested that the overwintering
mortality during the three,mgnth period for Acarina was dﬁev
‘mainly to the combined éffects of excessive soil moisture
and low temperatures, since predators ¢annot be veryfactive-
under theee conditiouns. |

An alternative factor, namely the ébundagce of available._'
food to the soil feuna, has been suggestéd by Waksman (1931)
and Weis-Fogh (1948). Macfadyen {1952) has suggested that
'a rise in the micro-arthropod ﬁopulation at a ﬁime when
macroscopic plant material becomes availsblé to it would be

\
expected. BSeveral points arise from these suggestions.
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Firstly, on the upland solls studied, the decaying plant
-material does not become avallgble for incorporation into
the soil in definite seasonal amounts, Secondly,'few species

of Acarina feed directly on the tissues of higher plants

(wallwork, 1958; and Hartenstein, 1962 g). The majority of
fhe Cryptostigmata appear to eat fungi, which attck fhé
decaying plant tissues (Forsslund, 1939, 1945; Evans, 1951).
The fungal attack itself appears to be partly dependent on
& preliminary mechanical mixing of the plant matter with
s0il by animals such as earthworms. Thirdly, the léngth pf_
a genefation in sﬁecies of nyptostigmata vnder moorland
conditions is at least 9-12 months; end violent fiuqtuat;ons
in density owing to food supply alone are not to be
‘expected. ‘ |
A comparable eituation to the fauna of blanket bog is
shown by the fauna of beech forest litter (van der Drift,
1950)., In both cases, there is an abundence of litter
throughout the year, but the food supply to the animals may
be limited by the low rate of fungal and bacterial éciivity.
Pood would appear to be a limiting factor for predatory
species of the Parasjitidae. It has been shown that high
densities of this group occur in sutumn at Moor House, when
 large populations of potential prey 1h"the form of juveniie'
Oribatel and Collembola are-présent.

There remain the factors of the soil environment to-
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discuss. In Dhillon and @ibson's {1962) work on the Aéarina'
of sgricultural soils, spsrt from a positivecorrelation |
between the monthly density of the Parasitidae -end the mean
soil temperaturé-at g2 depth of two inches for the preceding
month, the variations in several factors,'e.g..pﬂ, organ;é"
content, and soil moisture, did not provide an explanation
of the observed population chgngeé. This agrees=with
Stockli (1957), who found that although high sumuer tempera-
tures were favourable to micrbearthrdpods; neither'moisture,
humus level, nor pH appeared to influence the density of

the populations. _

From the fofegping, it can bé seen thét g cqmﬁleﬁ éf.
factors can influence the seasonal abundance of soil
Acarina, but in moorland hsbitats temperature exerts the
greatest affect by acting on the populations through.the
reproauctive cycle of the mites. It would appear,pcesiblé
to explain both the bimodal and unimodel distribution of
mite numbers in the soil fauna on the basis of their'life
cycles. This explanation has not been previbusly adyanced.'
The role of Acarina in moorland soils '

I density in conjunction with live;weight_biomass can
be taken as one of the major indicetions of the Eiological
activity of a group pf organisms, then the following'scheme
of activity of the Acarin; cen be advanced for tﬁé areas

1nvestigéted at Moor House ‘e
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Nardus Mixed Juncusg
gtricta Calluna Limestone gguarrosus Erosion Bare
grasesland moor gragsland moor area peat

BIOMASS: 1085 > l.11 > 0.98 > 0.91 > 007‘4 >Nlegligible
DENSITY:  77.83 53482 b2.00 7 u3.00 7 uL.69 “Negligible

This scheme contrasts with that proposed by Cragg (1961)
for the oversll biological activity of the series of moor-

land types represented at Moor House, and glven as -

Limestohe Nardus Juncus Mixed Bare
grassland strictg > gguarrosus > Calluna > peat

grassland moor maor

The higher density of Acarina on the Kardus grassland,
due to the deep litter layer available for coloniégtion by
the orgenisms, &nd a sultable microclimate in which to live,
cauées a greater live-welght biomass to occuf 6n this site.
On a biomass and denslity basis, there is little difference
between mixed moor, Limestone grassland, and the Juncus _
gquarrosug moor for the Acarina. The figﬁres for biomasé
and density of mites on the eroding moor are mean values for
a complex serles of habitats, and as such should be viewed .
with caution in comparisons of this kind. In terms of -

biological aetivity, therefore, the Acarina differ from the
genereal picture of the totai fauna in the soils investigéted.

Table 43 shows the densities and live-weight biomasses
of the common groups of soil organisms, which have been

N
studied on the Moor House Reserve (from Cragg, 1961).




Table 43. Deneities and live-weight biomasses (g. per metre?) of soil orgenisms
at Moor House (after Cragg, 1961).

given in brackets below the density.

blomags of Enchytraeidae,

Where the biomass is known it is

In the calculation of the total
biomass for the mixed Calluna moor, en allowance has been made for the

Note: - indicates that no data are available.

Animal groﬁp

Acarins
- x103

'Collemﬁola
x103

Enchytraeldae

-x10

Nematoda
x10

Lumbricidae

Tipulidae
larvee

’Total anima%
density x10

Tofal biomasé

Percentage

contribution
of Acarina to
total biomass

Nardus Mixed
gtricta - Calluns
grassland moor

78 . 5k
(1.85) (1.11)

118 -

(35)

33 Sl

Negligible 0.2

- ;‘ 3

T
376 1466
36.8 9.1

5.0 2.1

Limestone
grassland

37
(0.98)

56
(0.4)

17
(15)
23

389

- (135)

L9
(36) -

2410

187.4
0.5

Juncus
egugrrg sSUuB8
moor

L3
(0.91)

13
(0.1)

210
(53)

3.9
(1.0)

1389
(22)

4167

7740
1.2

Bare
peat

Negligible
Negligible
31
()
0.02

N1l

. Neéiigible

53

10.0

°Q6T
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Although the biomass data are not complete for all groups,
the provisional figures show that the Acarina-comprise five
per cent of the known live-weight total biomase of the soil
fauna of the Nafdus‘§33123§ grassland site. This'is the
highest estimated proportion of the total blomass achieved
b& 80il mites on the sites investigated. Two per cent of
the tétal biomass on mixed moor is composed of mites. Thus
the contribution of the Acarina to the total blomass of the
soil fauna of tﬁe Moér House sites is small, not exceeding |
five per cent. This estimatg& value is similar to that
given by Bormebusch (1950) for the combined biomass of mites
'and Collembola in beech and spruce mor (six per cent each
site), and greater then that'estimatéd by Macfadyen (1983)
for a lowland gréésland (1.6 per cent). The biomass of
mites on moorlands wes always greater than that estimated for
Collembola on the same area (Hale, 1962).

Apart from their metabolic activities during life, the
Acarina contribute to the geheral soll turrnover on dying,
and the breskdown of the body by micio-organisms. The snnual
contribution of Acarina to'upiand soils 1n_this WQy is much
smaller than that to lowland soils, due to the fewer genera-
tions per year and the lower metabolic féte on moorland
areas. o | |

The validity and importance of metabolic measurements

1n the field of ecology has been stressed by Macfadyen



200,

(1961 and 1962). It has ﬁeen found that the Oribatei take'
second place to the Ccllembola in most soils investigated

due to their low metabolic rates (Macfadyen, 1963), and in

a series of 1ow1§nd so0il habitats, the Oribatei contributed
2-18 per cent of the total metabolism of the small decomposers
group. The Collembola were estimated to contribute between
BL=75 per cent of the same total metabolism, For the upland
sites at Moor House, it has been estimated that the Oribatei
contribute 4-8 per cent and the Collembola 14 per cenf of

the total metabolism of the small decomposers.

It 1s suggested from the contribution of the Acerina
to the total biomass of soil fauna, gnd from a comparison
. of the estimated contribution of the group to the total "
metabolism of the moorland sites studied, that the mites.
meke a much smeller contribution to the soil tufnover than
their numérical abundance suggest. The role or_Acarina in
moorland soils should not be examined only within the'frame-'
work of their density and biomass, but on the activity of
the group in the soil and litter.

Murﬁhy (1955) has suggested that the role played by
mites in the COﬁminution of decaying leaf tissue is an
importgnt one; and Jacot (1939)'recorded the Juveniles of
the Phthiracaridae burrowing in conifer needles, and Riha
(1951) has shown that some Oribatel feed on decaying wood.
The excrement of mites provide a furtherlpubstrate for

decomposition by fungi and coprogenous organismé, and
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Schuster (1956) has drawn attention to this aspect of soil
formation by mites, On peat soils, the relat1ve importance

of the Acarinsa is 1ncreased by the absence of earthworms

and millipedes, and so their role may be gréater. It has
been observed in this study that Aéarina remain active at
low temperatures, and the group may, in thié way, con-
tribute more to the scil turnovef by being actiﬁe at
temperatures below which much other biological activity
has ceased in the soil., |
It is posaible that certain species of. mites, which
may be numerically sparse in the soil popu]ations, are u
vital links in the complex chain of erergy transfer within
. the svil community. The absence of sucﬁ spepieé may cause
a bottleneck in the pattern-qf energy fiow by preventing
food from becoming available for other organisms to apt
upon, or by not catalysing impértant biochemical chenges.
The elucidation of the exaét roles of spegifié mites in

.the soil turnover is one of the important future problemsQ
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SUMMARY

A study of the.aoil inhabiting Acarina or mites of the Moor
Hounse National Nature Reserve, Westﬂorlana is described,
with special reference to the mineral soil of the Limestone
grassland, and the péat soll of the mixed moor sreas. The
Reserve has a sub-arctic blimgte. .

A provisional list of 78 species of Acarina is given.

A modified Macfadyen high gradient apparatus was used to

extract the animals from eoil cores, and densities of 13,150

~to 141,020 thousands per square metre'were found.

The tempprature gradients developéd during extraction have
beén measured: the final gradient after 3 days being 67-78
Centigrade degrees in a3 cm. ecore.

The efficlency of the extractor for soil mites is 76'per cent
and the extraction pattern of Auarina has been compared

with that of Collembola.

' A comparison of the high gradient apparatus with a flotation

extractor shows the former to be 34 per cent more efficient
for peat soils, and 50 per cent more efficient for mineral
soils, . | | |

Aggregation of Acarina in the soil have been demonstréted.

‘using the coefficient of dispersion, end the non-normal

distrihution of the sample unit values. The biological

significance of aggregation is discussed.
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8. The vertical distribution of Acarina has been considered
with respect to 0=3 cm. and 3=-6 cm. soil 1ayers in minéral |
and péat soils. The majority of the Acarina were recorded
in the 0«3 cm. layer. The data suggest a'vertical'higra—
tion of Rhodaéarus roseus, from fhg lower layer to the
surface of the soil in summer. .

9. Spring and autumn peaks of abundance of total Acarina are

| shown, and the pattern is modified by fhe late spring of
1962. | -

10. Individusl common gpecies show a single peak of density
annﬁally, corresponding to a single generation._ Exceptions
to this are Cargbodes minuspulug and species of the ng;g-
Suctobelba group, which show two snnual peaks corresponding
to two generatiéns._ ‘ ' _

11. Overwintering'mortaliiy during a three month period 1is
estimated to be 20-23 per cent for tétal Acarina. The
highest overwintering mortality (85 per cent) is estimated
for Olodigcus minima in the mineral soil. |

12. ' In considering the Acarins of'eroding moer, it is suggested
that the distribution is not governed directly by the soil
water content of the habitats, but by chenges in plant cover
in the cycle of erosion. and recolonisation. -

13. Qualitative and quentitstive differences between @hé fauna

2 of Limestone grassland, mixed Callung moor, Juhgﬁs gguarrosus
moor and Nardus stricta grassland, aré-considered. The.species
compositibn of the sites is simiihru The densit& of total
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‘Acarina was shown to increase significantly from 1961 to 1962
on Limestone grasslend and mixed moor. A significant dif-
ference in the density of total Acerina occurs between the.

four sites; the “ardus stricta grassland has the highest

mean annual density (77.83 thousands per squéfemetre), and
Limestoﬁe,grassland the lowest (25»7h thousands per squarel
metre). | |

1. Greatest similarity of’the.Moor House mite fauna exists |
with that of north IFinland and Iceland. The-densityjof the
fauna at Moor Housé is lower than that of similar.Britisﬁ
lowland areas. | l |

15. The biomass of- - Acarina is estimated for tne mqorland sites,

| and ranged from 089 (Limestone grassland) to 1.85 (Nardus
stricta_grasaland) grammes per sqﬁare metre. The seasqnal
'cha@ges in biomass are shown. |

16, Detailed investigétions of the juvenile stages 6f Platxgothrus
peltifer show it to have a single generation per yeaf,

" breeding in the spring and sutumn, whilst Damseus clavipes -
breeds only in the sutumh, '

17. The population dynamics of soll Aéarina, and.their role in
moorland soils is discussed. Teﬁpergture has'the greatest
affect on the seasonal ébundance of soil Acarina, by
influencing the reproductive cycle. From Qn examihatibn of .
the .contribution of the Acarina to the total biomassuéﬁd--

metabolism of moorland soils, it is concluded that the mites
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meke a smaller contributiqn“to'thg soil-ﬁurnover than

their numerical esbundance suggest.
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APPENDIX I

Soil profiles of the‘sample Bites at Moor House.

Limestone grassland goil profile (Johnson snd Dunham, 1963).
- Horizon De%th, etc. Description

cmo
L=-F 2.5 Black coloured litter with meny rootse.
A 0.0=- 7.5 . Dark purple-brown coloured clay loam

- with irregulsarly distributed areas of
lighter grey coloured soil. Crumb
structure, many roots, féirly high
organic content towards the top. Sharp

' junction with- .

B1 at 7.5 Bright orgnge coloured 1r6n.paq. Veﬁy

- thin horizon end irregulér 1nithe
_ solum. .
32 7.5-i7o5 ) Dull yellow=brown coloured claynwith-

_ . crumb atructure. Vefy irregular Sase.
17.5-22.5  Dark brown coloured soft clay with
| " crumb structure containing limestone
blocks and fregments. Cons;derable
'organic content.
D 22,5 + ‘Bedrock limestone with joints filled

with derk-brown coloured soft wet clay.




ClM,
L 0.0= 4,0
F " RJ.0= 5,0
H 5.0-15.0
A].G 0.0- 5.0
A2G 5.0-12.,5

229.

Soil profile of Calluna site (Banage, 1960; Johnson and

Dunham, 1963)

Horizon De th,\etc. ' Description

Thick litter composed of dead Calluna
leaves, lichena, mosaeé, liverworts, |

etc. with many procumbent stems of

Calluna.vulgéris.

Fermentation layer merging into-

. Dark humified_peat, glightly crumbly,

with fibrous'plant rootse.

Yellow=brown unoxidised peat with
Lalluna roots in upper parts; Erio-
phorum and Calluns remains distingui-
sheble; lower layers more decomposed

and compacteq and merging into plastic
peat with few recognissble plant remains.
Blanket peat up to 4.0 m. thick.
Dark-brown coloured, sandy mixed orgénic
and mineral layer with sdme sandsfbne
boulders and.pebbles. Rotten sand-
stone pebbles and boulders are frequently
present. .

Pale buff-grey coloured clay with few
sandetone boulders. Sharp change into= .
Light grey coloured stony clay with’

sendstone pebbles end boulders. Cley



Horizon Defth, etc.

C

cm.

25.0 +

230.

~Description

is firm when moist and dries.with & .

blecky structure. Low organic content.

Merges_ﬁithQ

Light grey and bdblue gfey coloured stony

~ clay with sandstone pebbles and

boulderé. Unaltered solifiuxiqn

deposit pareﬁt“material.
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Soil profile of Juncus Juncus §guarrosu sitg (Banage, 1960; Johnson
and Dunham, 1963).

Horizon Depth, etc. Description

cm,
L 0,0- 3.0 Litter composed_nf leaves, leaf bases
and root-stocks of Juncus sQuargbnus
end Deschampsia flexuosa, little
hunified. | o _
lF : 3,0-~10,0 Fermentatlon layer, .as above but siightly
| humified, merging into- |
'H 4,0=U42,0 Very dark brown.peat.
A 0.0-10.0 ' Dulljlight.grey-buff coloured sandy

clay loam with rotten sendstone bebbles
and boulders. Horizon becomes pealer
d0wnwards.. Many roots concentrated
into a mat at the sharp lower boundary.
' Blh. 10.0-11.25 Bright orange=brown coloured indurated
| | iron pan. Herd and cemented with dark
nnper sqrfaée, which is not,penétrnted
by roots.. Very éonspicuous in the pro-
file where it forms a persistent but
undulating horizon.
BZ'C 11.25=22.5 ._Yellow and buff mottled-gtiff stony
and sendy clay with sandstone pebbles
| end boulders. Merges into- |
‘c 22.5-+ Grey and blue-grey stony clay nith
sclifluxion depnsits, o
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Soil profile of ghe.Nprdus gtricta grasslend site. (Ba2a§e,
' : ' ' 1960).

Horizon De th,)etc, Desgeription
Che. ). . )

L 0.,0- 5,0 Litter mainiy composed of loosely packed
| living snd dead bassl portions of Nardus
gggiggg, merging into-

FeH 5,0-6.0 Fermentation layer turning into humus,

. divided by a sharp and wévy boundary
from thé undérlying layer.

Ay | 6,0-40,0 Dark-brown, moist, sandy loam; soil
with érumb:siructure, with mixed_humus
of'alluvial peat origin. Abundant fine,
fibrous roots, particularly in upper-

layers, herging into- -

B, L40.0=53.0 As in'A, thoughnéqmewhat'leachqd; deeper

| | layers with common, prominsnt fine to
'médium 1roh motﬁling,'and passing into'
a layer of}sub—angular stonee and
boulders of saﬁdstone. o N
53,0-+4 = Bedrock ssndstone above Singie Post -

Limestone.
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Other téxonomic works consulted.

- Mesostigmata
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Redia., 3:66-30L.

Evans, G. o..;gss. A revision of the British mites of the
genus Veigaia. Proc. zool. Soc. Lond., 125:569-586.

Evans, G. 0. 1955. A revision of the Family|§piggi;gg§

| (Acapina-ﬂesostigmata). Bull. Brit. Mus. (nat. Hist.),
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Leitner, E. lSﬁB, Zur Kenntnis der Gattung Digamasellus
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Sellnick, M, 1558. Die Familie Zerc&nidae Berlese. Acta Zool;
Hung., III, 3-l:313-368. . | |
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Vitzthum, H. G: 19&0-&3. Acarina. In,Bronn's Klessen und
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Cryptostigmata : _

Foreslund, K. H. 1941. Schwedische Arten der Gattung Suctobelba
Paoli (Acari;-Onibafei).v Zool., Bidr. Uppsala, |
20:381-396. o |

Hammen, L. van der and Strenzke, K. 1953. A.partial-revision
of the genus Metabelba Grendjeen (Orivatei, Acari).
Zool. Meded., 32:141-15L. | -~

Sellnick, M. and Forsslund, K; H. 1953. lbié Géttung Carebodes
C. L. Koch 1836'in'der schwedischen Bodenfauna'(Aéari,

_ Oribatei). Ark. Zool., (2)4:367-390.
Strenzke, K. 1950. Bestimmungétabelle der holsteinischen
| Suctobelba Arten (Acarina Oribatei) Arch, Hydriobiol.
(Plankt )e, bl:340-343, o

Strenzke, K. 1951, Die norddeutscheh Aften der Oribatiden:

' Gattung Suctobelbs. Zool.'Aﬁz.; 147(7-8):147-166.

Strenzke, K. 1953. Zwel neue Arten der Oribatiden: Gattung
Nenhermennia. Zool. Anz., 150(3-L):69-75.

Keys of thevBritish species of Acarina -were also consulted

from the British Museum (Nat. Hist.) for the following groups :

Family Phthiracaridse Genus Pelops.
"  Paeudotritiidae. | "  Dameeus. |
" Galumnidae., _ !ﬁ Steganacarus.
"  Cephidae. | |
v Belbidee.
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