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The Invertebrate Farma of the park Grass plots

L Soil Fame

C. A. EDWARDS aod J. R. LOFIY

Inhoduction

T:_.r.:,k 9:: "lqir*F.bec* jn 1856, was desisncd ro inv€stisare how various
ffiy3 ly_e*ts afecred the producrivity of old pasiure. prior to thle experiment, theratro nas been rn grass lbr several centuries and seemed to have a uniforir vegetaiion.originallv' there were 20 olots ranging io 

"."u]ro.lo.-nuilio ine+igna of an acre
!u, S9:" have since Ueen suuaivia-ea]fn" 

"r.ipflrca t-.Jt ti @g. l) comparedthe yields of hay from plots that receiuea no -an,i.e *itn tio.e rroi otne.s that receivedorganic manure (farmyard and fishmeal); 
"^*-rg" 9f ;Ji;irJ-f"rtilir" ; 

" 
,an[ "ionly, 

-nitrogenous 
fertilisers and a range of -ir"a -i"iJ ""J'rit.og"oou, fertilisersinvolving diferent revels ofnitrogen..Thi 

"itrog* 
,"". io tt"o i-ain"forms, nitrate of sodaor sulphate of ammonia. In the irigiout 

"*p;.i.;t, Gr'p[f,iili""a organic manure
111,yg ,o manure., but, r"neo yirs aft; the beA;;;i.i-tu"l*p*.it (1863);;more manure was given to one of-the organic manure ptots ptot 2): As a res;lt oi th;treatments some plots becane acid a^nd^the swara aeterioratj, .o f.o_ 1903, lime wasapplied regularly to the southern hatf of-most pl"r" (iig.ltl;'t%5, each half plot wassubdivided again into two, giving four pt"t, t"It"a ), irr"'f;i;;;; *"yr,

(a) Line added to maintain the pH as in 1965.

lb] llme agg{ to give a pH as ilose to 6.0 as possibtc.
(c) Lime added to the more acid plots to give ; pH 

". "tor" 
to 5.0 as possible.(d) No lime added.

Nevert_heless, the pH of the various.plots is ,still very variable, ranging in (a) plots from46 to7.5, (b) plots from 4.9 to z.:, 1i) prots rrom +7,.?.d "rhillit"t" from 3.8 to 6.0.Thr treahents havr greatly influe'noed'tn" uery ,*iJnoi" .it# il.t", which includesgrasses, clovers and weeds' The botanical conposition of the iub-piots nas been studied
ll:*y-,:,::]ry-?t Fd"l^i,,"ryns grg_uc! th; y;; il;il;s* seasonarry and
:,::1r_i:g ic."duat change (Brenchtey, 1935, 1969; willams, tg74). -rhe rumu.".s oipranr speoes range liom oElv two species (l l/ld) to up to 30 species il2a), the geatestdiversity still.teing in the unmanur& ptoti 

"lin"i,eh 
i["." vr"rai.".rv.

_ Other studies that have been made on park c;;s incl;d" ti"-iit iuutioo of nodule
-b3cte_n1, 

Protura (Raw, I95e, 
"a.tt 

wo.m *ss ii.i!n"J*q iiltl and earthworms(satchell, 1953). Madge (privaii communicationj ;;l"d th; lil; and unrimed halvesof plos 3, I l/2 and 13 for soil invsrtebrato oo ;;#'oou"i;;in- 1962 but the resultshave not bcen published. The nematod" rurou of tn" ti-"a-uiJ-uilimea halves of ptots1,3,412,7,9, 12 and 19 was assessed_in fS6G{f but n;etaiL-o}The resutts werc pub-,lished.(Winslow, 196l). The present investigati"" i"r.f".al'iniiirgh investigation ofthc-soil and surface invertebrite fa,na ofa i"rot"a ,".ro 
"i 

pios"between April 1972and June 1974. The soil fauna will be Okcusea in thelreseJp'rfr; i, u r"t". paper dataon ttre occurrcnce of arthropods associated *ltu tn" &op-i" i6-ii*u.r"a.
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TABLE 1

Compatative natnbers of soil ineertebrates exfiacted from soil sanples (numbers in eight

soil cores)
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M€ftods

In April 1972, eight soil corcs (5 cm diameter by 15 cm de4-) wer€ taken from plots

i;.:1", i;;;, ;il;;;61, ;:t,' b, c. d; roa, t,i, a; tt/ta,.t, c,.d; r3b' c' d; 14b' c.;

i;ir, ;.-Tdilil, *er" ittioct"o ito. in t".satptej in modified Macfadven-tvpe !i+
iirl'ri "i--"a,tfoned 

TuUgren funnels (Macfadien, 1957; Edwards & Fletcher' 1970)

ioa ,o.t"a ioto 
"onvenient 

taxonomic catcgories. Only ColJembola and Coleoptera werc

identified to epccies.---gfu*ot- 
p"puLations were sampled in March 1972 using a modification of the

d#;;AA'"*d- ty sutcnai tr'sj3). The plots sampled. were the samc' with thc

;fiitfi ;-[;. i.r each sampte i*o 6t."troai, each ionsistin-g of thee stecl rods

is.:ai;ii;rl-*J ts io' t+i"-f "p".t 
were- inserted into th€ soil to a dEpth of

;tl"'i8 ;.'(d ;J and r ft (o'si;) 
"iu"t. 

co,t"ot from a portabte 22GY' 5Gcvcle

ffi#;;*G;li;; G;*;es'and this brought-worms to the surface' onlv

&rrit*or.t emering between ttc 
"tecttoa"t 

(9 ftz; 0'8Jma) werc. collected' and stored-

r" iz l"r-ai, ,otii tn"v could be'iJentifred. Ho*"r"r, the e6ciency of cxtraction of
;;;'. ;;a; b" dirtcrlv relatcd to pH of the soil, so the method was not uscd lor

subs€qucot samPling.

tv
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PARKXEY
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Earthworm populatioos were sampled apin in April 1973 gnd.M]Y 1974, this-time in
prot. ra, t, 

", 
ir; zab, cd; 3ab, cd; 4flab, cd; 4ab, cd;-7c, d;8c,d-; 9a, b' c, d; l0a, b, c,

[;il/ri;.;. i: iiu,i,c, d; 12au, cd; l3a, b, c, d; l4a, d; l5ab, cd; l6ab, cd; l7b'

"; 
iai, 6, i, o. On i,u.L sampling date, four 2 ft x 2 ft (0'61 x 0'61 m) quadrats vere

.rrt& oui oo *"h subplot iter-the foliage had been cut short. Two gallons (9.1 litres)

;-*;i; ;;"i-d I '76 iluid ounces (50 mi; of 40 I formaldehvde were poured graduallv

;; i;; il"d; from a watering can (Raw, 1959). This. treatment brought the earth-

;;;;i;id;4.J"* from which tlh"v *"r" picked ofl and stored in 5[ formllin' 
-

The marimum and average crop hiight and its density at ground and flower level was

;il-by a; June 197-4. md yieu data used were those foJ to-tal dry matter (/ha)

f"i U"tt "rt"i, 1974, and the number ofptant species was from the June 1973 assessmcnt

iv tfr" notmm.t"A iotanv Department.'The pi{ data used were calculated from results

;i ;;;;; 
"t*;t;ens 

bf the Rothamsrcd Chemistrv Department (Rothams-ted Report

ior 196i.244-247 : for tiz l,ptt 2,177-ls0). Some of the data for 'a' and 'd' sub-plots

'i;it*i i tgiS, tut ur" U"Ui""a'to differ iittle from present levels. Some of the acid

J.ri. t 
^," 

a"""too"d a surface .mat' which differs in pA from the surface soil; ihe pH

;i'*r-i;;.; h;; ;;i*"" ,*a and pH values.given-are for.the G-7'5 cm laver of soil'

il;"ril;];p"t*ntage nitogen 
'and orga"ii carbon and-ppm of P and K used in

the correlationf were those in the Rothamsted Report for 196i'

Reslts

The total numben of soil animals exracted from soil samples are summarised in Table l '
a;;fi.;;ffi.ients between these data and yield, plant aod soil characteristics are

i""" i, i"ui" i 
"ta 

the correlation coefrcients between the crop and soil characteristics

il-'.;;;;t"d in Table 3. The numbers and weights of the species of earthworms

ffiJ-il;;;r.a t .1uUt 4, the species of Coliembola are listed in Table 5 and-ti"* 
J.r*"* G,fes in Table 6. Where reasonable corelations or other relationships

;;;; ;ri-J ,"-bers and plant and soil characteristics were not€d these were plotted

;il":i.gr;; ;""tt". diugru.t (Figs. 2-32)' Th9 g.eneral approach to the data has

t*, i" l-*f.lt *rrelatiod betweenlnimal populations and plant ol soil character-

il;.-Wii; th.* were rcasonable correlations-, tle data in Table 3 enabled a check to

l"-r"ai * t" *n*n"r the relevant soil or pl.nt iharacteristics wete themselves correlated

;iil;tihi pr"J -J soil characteristics, so that key factom could be identified' The

;;;"X- lt"ld ;;pbxity and variability of the treatm€ls made. it difficult to assess

in *f"tii"-i.'p"rt" * ofvarious soil or plant characteristics and whether their iniuence

;;;G;;;i;dt *t' Most of the observations require further experimental work to

"ortr- 
*lttn"a the effects of the various factors are rcal' Nevertheless' some very

;;firi[;-d;;* became obvious and this experiment provided a. unique opportunity

io-stuay tne 
"fect 

ot long-term applications of fertilisers on the soil fauna'

(f) Yiell. There were few strong correlations between populations of invert€brates in

li,. i"ii "ra'uili"iJ 
oi t"y. Tf,"r" *u, a tendency for ihe overa numbers of soil

ir""rt tr"rc. to be negatively correlated with yield lFig' 21' Howeler' this relationship

-., U" ar" i, 
"r 

i"teirction of the effects of sLme of the factors affecting yield, e.g. the

[ifitlt ,t*i.""[- oo-il" .on fauna, because both nitrogen and percentage organic

;;;;;;;;il; ;;cativelv correlated with overall soil invertebrate popllations'

-fi"*rtUili., tn" 
-tendency for plots with fewer invertebrates. to yield mo.r:'. agr€es

".ii-;ih 
h;A;; tuai trpptcssio'n of soil invertebrate populations bv pesticides cau

ii"r*r" ,i"fat 
"? 

mv oo uotn leys and old gtassland by as mrrch as 3ol (Henderson'

ii;fi";#;;iJrirpp"tt-i[. i"""rusion 
-that soil invertebrates lower the vield of
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TABLE 
'Comlmrative manbers and weigh* of earthworms sanpled 1973-24
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grassland. Thc only individual groups of soil inveftebrates that showed any correlation
with yield were the oribatid mites (Fig. 3), enchytraeid worms, and wireworms (Fig. 4)
and populations of these animals were all negatively correlated with yield. It is difficult
to postulate any reason why oribatid mite or enchytraeid worm populations should be
related to field, because these animals feed mainly on decaying organic matter and it
might be expected that those plots that yielded most would have the most soil organic
matter. The most obvious implication of wireworm populations negatively correlated
with yield is that wireworms were causing loss of yield, because they are quite important
pcsts of grassland. However, the maximum populations recorded in Park Grass ofjust
over three-quarters of a million wireworms/acre (approx. 1l million/ha) are rather less
than average for old grassland and although they would decrcase yield it is c€rtaiD that
they could not cause such a marked fall in yield atrd there must be other contributory
factors.

(2) Nitrogen level. One of the main features of the Park Grass experiment $,as the use
of tfuee levels of nitrogen on certain plots. Of the ptots sampled, 8, 7 and 2 received no
nitrogeD, I and 17 received 43 lb/acre (48.0 kg/ha) (Nr), 9, l0 and 14 86lb (96.0 ke/ha)
(Nz) and ll/l l29lb (1,14.0 kg/ha) (Ns) of nitrogen. The infuence of these djfferent
nitrogen levels on soil invertebrate populations was assessed by calculating average
numbers from all subplots and all treatments for each nitrogen level and comparing these
for ttre various groups of invertebrates (Figs. 5-15). It should be noted that it is the level
of nitrogen applied annually that is important, not the residual amounts in the plots
which assess the level at only a single point in time. Of the factors studied, the effect of
nitrogen was most likely to be a direct influence of the fertiliser because the amount of
nitrogen applied was not itself strongly correlated with any of the other plant or soil
charact€ristics @able 2).

First, there was an overall deleterious effect of the nitrogen level on the total invertebrate
populations (Fig. 5), the riple dose (N3) having the geatest effect. This relationship was
unexpectd although there is some evidencc ttrat nitrogenous fertilisers have adverse
effects on soil invertebrates.

The influence of nitrogen level on enchytraeid worms (Fig. Q and lumbricid worms
(Fig. 7) was very dramatic. The lowest dose of nitrogen had little etrect on enchytraeid
worms but the two higher doses greatly depressed their numbers. Populations of aU
species of earthworms were decreased by nitrogen, but the effects on Lumbriclls ,errestis
were much less than on the other ryrcies. It has been suggested that ammonium sulphate
as a fertiliser is particularly harmful to earthworms (Escritt & Arthur, 1948; Rodale,
1948; Jefferson, 1955) so the data was calculated in another way, so as to distinguish
earthworm populations in plots treated with ammonium sulphate from those in plots
to which sodium nitrate was applied (Fig. 8). It can be sesn that the nitrate nitrogen
ap'plications were nearly as deleterious to earthworm populations as was ammonium
Ditrogen. By contrast, the organic fertiliser increased the numbers of earthworms.

Myriapod populations were also influenced by the level of nitrogen applied to the grass
(Fig. 9). Chilopoda (centipedes) were the most sensitive, being alrnost completely
climinated from plots rcgularly treated with a triple dose of nitrogen (Na); Symphyla
and Pauropoda were also considerably decreascd in numbers, with the Diplopoda
(mil[peda) being least afected. The effect of nitrogen level on soil mites (Fig. l0fwas
much less marked than on oligochaetes, numbers of prostigmatic mites being decreased
much less than those of mesostigmatid cryptostigmatid or astignatid mites. There was
atr appar€nt increase in total numbers of mites and nunbers of prostigBatic mites in
plots rcceiving a double dose (N2) of nitrogcn but this was largely due to large increases
in numbers of prostigmatid mites in a single subplot (9c) (fable l).

l4l
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Total Collembola (springtail) populations werc not greatly affecied by the lwel of
nitrogen (Fig. ll), in fac! there was a slight increase in response to a single dose (N1)

9f nitrogpn. However, numbers of soil-living springtails (Onychiuridae and poduridaey
(Fig. 12) were decreased much more than those that live near the soil surface (Isotomi-
&e, Entomobryidae and Sminthuridae).

_ Soil-inhlbiting insect larvae taken together were not greatly decrcased in numbers by
the level of nitrogen applied (Fig. l3); in fact, more were recorded in plots that received
a single dose than in those that were not treat€d. However, the total b€etle larvae popula-
tions were_vcry considerably deprrssed by nitrogen applications (Fig, 14) particuiarly
by the two higher levels. In particular, the numbers of wireworms (Fig. I 5) were extremely
sensitive to the amount of nitrogen applied with very low numbers of wireworms occurring
in plots that received the largest amount of nitrogen-

. - 
The. observation that nitrogenous fertilisers can be harmful to populations of soil-

inhabiting invertebrates is a most interesting and important one. Thi only reports of the
efects of tro€en on populations of thtse animali are by Huhta et ;1. 6967, 1969),
Abrahamsen (1970) and Axelsson e, al. (1973) and these workers all in"istigated the
efects of one to three applications of fertiliser on the soil fauna of pine fores6. Honta
et al. rcprtd that 90 kg NPK fertiliser/ha (undefined) decreased numbers of soil
animals fot one year; thereafter there was a considerable increase, especially in enchy-
!?9iq *q springtail populations. Abrahamsen studied the eflecs of 100, 400 a;d
1600 kg of nitrogen/ha (urea) and also reported an initial decrease, but his risults were
somewhat conflicting. Axelsson er a/. in a much more thorough investigation, demon-
strated clearly that when pine woodland was treated either with 60, 60 or zl0 kg/ha
ammonium nitrate (Nr) in three consecutive years and 180, 180 or 120 kg/ha ammonlum
nitrate _(N3) in the same yeam, tlere were decreases in populations of soie soil animals,
especially mites, springtails and enchytraeid worms, compared with those in untreated
plots and corresponding with the level of nitrogen applied. Numbers of most of the
Ticroarthropods studied were affected by the largest dos* of nitrogen. These data support
the conclusions we reached from the sampling of park Grass thai nitrogenous fertilisers
:an be harmful to soil-iniabiting hvertebrates. It seems probable thit an extremely
long period of exposure to repeated but small doses may depress populations as much as
one or two much higher doses,

(3) pll. Since 1903, half of most of the plots have received regular treatments of lime
and since 1965 these have been furher subdivided and given different lime treatments.
fh- e -1rylta1t changes in pH have had considerable infuence on populations of soil-
inhabiting invertebrates. It seems probable that the effects are aireit ines, because pH
is.not.strongly 

_correlated with any of the other soil or plant characteristics we studi'ed,
with the possible exception of floral divenity (fabb 3).

The overall influence of pII on the total fauna is not great (Fig. lO although there is
a tendency for plots with a higher pH to support more soit animats.

The methods that were used for extracting invertebrates from soil were unsuitable for
nematodes or enchytraeid worms. Nevertheless, sufrcient numbers of these animals
occurred in the extracts to indicate tentatively how pH afects them. Ench)rtraeid worms
119." !!lo14y influenced by pH, with a linear increase in numbers up t; a pH of 7.5
@g. 17). Numbers of nematodes were too small for the effects to be siatisticaily signifi_
cant but there were very few in plots with a pH below 4.0 and an almost linear-inciase
c/ith increasing pH.

The data on earthworms werc based on two sets of samples in 1973 and 1974 ud
hence demonstrate morc marked effects. Moreover, tbe effeci ofpH on earthworms has
been studicd more than its efect on other iDvertebrat€s. Not all species of earthworms
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reacted to pH in the same way but none ofthe species found in Park Grass could toloratr
a pH below 4O (Figg. 18 and 19), Lunbriats terrestris llerame gadually more numerous
as the pH increased from 4O-7'5 but the other spccies (Iable 4) tended to have an
optimum pH range at 5'G{'0, markedly decreasing in numbers at pH's on either side of
this optimum. fuchardson (1938) counted the numbers of wormcasts on the Park Grass
plots, but this is evidence of the presence of only one @es, Allolobophora ,octuma,
ind is an inaccurate measure of populations since it dep,ends on activity as well as

numbers. In general he found fewer casts on the unlimed halves of the Plots than the
limed halves, and plots 9 and 14 had fewer casts than did 3,7,12 aad 13. In particular'
the unlimed half of plot t had no casts. This agrees with the very few (2) individuals of
A. noctwna that we found in plot 9 and there was good ageemsrt when we plotted the
number of casts reported by Richardson against the numbers of worms we found in
the same plots that he sampted. The very good correlation showed that rclative lumbers
have not ihanged greatly in the last 36 years. Sarche[ (1953) studied earthworms in Park
Grass using an electrical extraction method. Whereas he found the lower pH tolerancc
lirrrrtfot A. caliginosa, A. nocturna, A. rosea lobe 4'6 and fot L. terrestis ard.d OctolQs n
cy@Eum to be 4'1, we found that the lower limit for all ttrese species was 4'2. At a pH
of4.l the." *e.e no L, te esris. Satchell (1955) considered O. cyaneon to be rclatively
acid-tolerant but we found this speci€s to be absent from very acid plots. However,
some of the discrepancies may be explained by the relative inefficiency of his electrical

method for sampling earthworms. We found that soil resistance varied s'ith pH and this
greatly influenced the efficiency of extraction.- Therc was no direct correlation between myriapod populations and pH (Fig. 20)' the

relationship being modal. Numbers of Chilopoda (centipeda) and Symphyla wetc much
larger between 5'0 and 60 thaf, at higher or lower pII's and none of these animals
oo;Eed at a pH below 4'0. Pauopoda tended to bc tolerant of pH over the raryp 4+-
7.0, Do consistent trend being obvious.

'iAe overall influence of pH on mite populations was slight (Fig. 2l). They could
tolerate the soil conditions even in the most acid plots. In particular, numbers of
prostigmatid mites (Fig. 22) tended to increase at pH's beaween 4{ and 5'0. Mesostig-

matid mites were progressively more numerous as the pH increased (Fig. 23), but never-

theless could toleAtE acid conditions. CryptostiSmatid and astigo.atid mites were most
numerous in the acid plots (Fig' 24) but this is not surprising becaus€ these mites arc

common in acid woodland mor soils.
Collembola (springtail$ as a whole, were influenced by soil pH more than mites

(Fig. 25) and, in particular, those sPcies living below the soil.surface @oduridae an!
dn-vchiuridae) (Fig. 26) were much more oumerous in soils with a nearly neutral pH
wher€as populations of those species that live on or near the soil surface (Entomobryidac,

Sminthuridae and Isotomidae) (Fig. 27) dificred little in Plots with pHs rangiog from
4.0-8.0.

Protura selmed to be much more limited by soil pH than most other invertcbrates,

very few occurring in plots with a pH less than 7'0 (Fig' 28). These results do not diffcr
gre.atty from thosc rcported by Raw (1959), although he recorded more of these animals

in plots with pH lower than 7{ than we did.
Insects (Fig-. 29) and wireworms (Fig. 30) se€med to be more numerous in plots x'ith a

pH betwin i'0 and 7'0, i.e. very acid or alkaline soils did not support large numbers of
these artbropods.

(4) Elor| rnd other foctors. The flora of the Park Grass Plots diff€rs greatly with the

ireatments. Hence, there is a possibility that some invertebrates in soil might tcnd to be

correlatetl with some speci€s, families, or associations of plants. Unfortunatcly the only
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invertebratls that we identified to spccies were earthworms, Collcmbola and surfae
living bectlcs. We studicd the sp€cies divetsity of these groups in rclation to that of the
flora and found no con€lation betwEen numbers ofspecies ofcarabid beetlcs and numbers

of platrt sp€cies. Howcver, there were good correlations betwecn numbers of earthworm

Glg. ltl or Collembola species (Table 2) aad numbers of plant species. This corrcla-
iion is easier to understand for Collembola, many spocies of which live above ground,
than for earthworms, However, earthworms have an extremely welldeveloped sensc

of taste and show very strong preference for one sort of decaying plant material ov€r
another and this could possibty explain our results. The species diversity of Collembola
in the different plots is sumrnarised in Table 5. Few tendencies are obvious, althougll
there are usually fewer species in the unlimed subplots than in the limed ones.

Numbers of plant spaciag

Frc,3l. Ralrtiooship batw€eo oumbers of speci€s of pl8tra aod numbcrs of gpecics of cadhwotms'

Frc. 31 Comparilon bat*En arthtopod popularioos io Park Grass aod ticc in oth6 old grasrlsld
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Thcre were few correlations bcts.een invertebrate populations in soil, and soil or
plant characteristics other than nitrogen or pH (fable 2). Ttere was a negative correlation
b€tween the level of phosphorus in soil and the number of rhodacarid mites
(r : - 0.5174) and there were also negative correlations between numbers ofenchytraeid
yorm.,s (r: - 0;5980) and earthworms (r: - O.4Z5l) and the amount of phosphorus
in soil, but it is difEcult to see how phosphorus would affect these animalr. ihe dmorot

TABLE 5

Species of Collembola found on the Park Grass pbts
ODychiuridae

Onychiurus anbulans (L.') St!!r)1.
O nychitolt orrratus (lullb.) Gisin.
O nychiwu edi acnsis Eo,gall
Tullbergia dcnhi (tu mall)
Tal lbergia callipygos EF)rD,er
Tallbcrgia krarsfu aeri Bomet

Poduridae
Frie sla ninb i lis (frtllb.)
Hyptottrura d. t iculara (B€gnall\

I!otomidae
Fo lso nia co ndida Ny illeE\
Fo l& mio q @drto cu la, a (T ullb.)
ho to nad.t ptodrct us (Axels{,a)
I so to ni.lh mir@t (s{i,afrfr,,
Isotoma notab ls (*hafrer\
Isoroma yiridh Boutrlct

Entomobrrddae
E d, o no br yo h i co l. t i (Lubb.rtt)
Iapidocrt tus cyaneus T\llb.
Heterutu rus nitidus (lqriplctom)

Smiothuridac
ht rletie a sp-
D ic y I o nirs miru ta (F at,ilcius)
Snintfurus yindis (L.l
S nint fu ddcs p uniik iKrawbrru)
Smint htuirut ah.us (Lubbcct)
SrntDrhurttus sD.
Megalorl@rux sp.

TIBLE 6

Species of Coleoptera loud on the Pa* Grass plots

N.bla tueeicollb (F)
Qaediut reb rre I irrut odar!t..\
Dorynoru ofuc,tut (E.l
P hilo rrr hr,t voir.t (Gy[.\
P u naph$us mbv i I losus (Gw)
Agriores obs&rus (L.\
Philo he, coqra,us Staoh.
Tru.htphloeat arisral ut- @1.
Cholcva obbnga l-aE,
Abphus nigultarw (F.\
Agrlotcs lineatus (L.\
Tachlnus rufipcs (Deg.\
O t ior hmc hlt insalaiis (L.
A rrara lamt ltarit (Dof ts.\
B@rWi, h.s pclluc id us (Boh.)
S ilona purct ico I lit Steqb.
Dema olas arrtcagillus (L.\
Ariaru lunicollk *hiodte.
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of potassium in soil tended to be positively correlated with the numbers of cettipedes
(r : 0.5779) and coleopterous larvae except wireworms (r : 0.4589). Thc numbers of
most groups of soil animals tended to be negatively correlated with the percentage of
carbon in the soil, but an explanation of this observation is difrcult.

In conclusion, the two main factors that influcnc€d populations of invertebrates in the
soil of the Park Grass plots seem to be either the level of nitrogen applied annually or
the pH, with other factors relatively unimportaDt. In economic terms, the relationships
bctween the numbers of invertebrates and yield, pH and the amount of nitrogsn spplied
are probably the most important.

The populations of invertebrates in Park Grass s€em to bc faidy typical of those in
other old grassland in Great Britain (Fig. 32). The numbers of invert€brates in the plot
with the smallest populations @lot 1l/l) comparc well with those r€poned in several of
the earlier surveys and those in the plot with the largest population almost equal the
largest recorded. In most of the fields Acarina (mites) were the dominant animal group
but Collembola $pringtails), almost equalled them in numbers. In terms of numbers,
other arthropods were reladvely unimportant, but in tcrms of weight would exert a
considerable infl uence.
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