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$ummary

1. The h,istorly of soil zoology in the world and j:: l lestern

Austraria i-s briefly reviewed. Australian soil

ecosystem stud.les are handicapped by a lack of information

on the i-dentity and life cycles of most soiJ- ani-mals.

2. Six sample sites at Gnangara W.Ar wer€ chos€rlr $ i te 1

Native vegetation, under, Eucplypt, Banksia and" Hakea with

some volunt eer Pi-nus 'p inaster. $ite 2 g. pinaster

plantat ion 3O years old, Site 5 P. pinaster plantat ion

25 years o3-d with a basal area of 1 60 square feet per

acre r $lte 4 P._ pjqaster plantat ion 25 years o1d with a

basal  area of  31 square feet  per  acre,  Si te 5 3.  p inaster

plantat ion 17 years oId c m.trol br.rrnt three years before

the begi:rning of this study, $ite 6 as site 5 but unburnto

3, Microarthropod-s wdre extracted from soi l  cores with a

heat funnel extractor. \  ,  l l t ter decomposit ion rates were

estimated by measuring the weiglrt loss of leaves enclosed

in nylon mesh bags arrd the loss of tensl le strength of

cott on strips burj-ed in the s oil-,

4. The number of infrequently occuruing species is red.uced.

und.er the Pine plantations compared. with the nunber r.md.er

native vegetation. In the plantations the number of

larger pred"ator species red.ue ed."

5" I t  is sqgested that the beginning of the breedi:rg season

is linked to the beginning of the rainy season, probably

through diapause or aestivatioor and that the populatj-on

density is relat ed to the arnount and. pattern o f winter
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rajnfal.J.. $arly rains f ollowed by further d.rought

cond itions having a d.elet erlous e ff ect on the population.

6 . l i f  e cycles of Oribatidae. fhe adults reach prebreed ing

status r or possibty lay drougfrt resistant eggs, during

the summer, tLre autumn rains trigger off breeding

activity and the appearance of the flrst generatj-on in the

soj-l samples is highJ-y synchronised.. One or two non

synchronised generations occur before the populati-on as a

whole returns to the over summering adult population"

"l . }.rif e cycles of othe r microarthropod.s. In most  c  ases

there were insuf f ic ient d.ata t o make a mod e]. of the l i fe

cycles, in general  breedjng and. development took place

d.uring the wet winter months . However adult Psocidae

and Tuckrellidae (Acarina) increase j-n nunbers dur ing the

$ummer i:rdlc at lng that the immature stad ia are ac t ive ly

growing and. developing d.uring the summero

B, Analysis of the feed i:rg groups within the popuJ-ation

showed that on aIL s lt es approximately half the micro-

arthropods were speeial. ised fungal f  eed.ers, wlth 48 percent

on the nati-ve vegetatlon and. 50 percent on the yor,mgest

P. p i:nasler stands . The percentages of general f eed.ers

were lowest und.er the youngest pines. fhe f eed ing

activi ty of the animal populat ionsr &s ind"icated by the

proportion of anjmals with food in their $lts is

significantly lower on the burnt stand of 3, prnaster

than on any other stand..
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9. The litt er d ecompos it ion studie s , using leaf l itt er in

mesh bags showed. that schlerophyll l itter decomposes in

3 to 5 years whether it i.s und.er native bush or P. Iinasleg.

S ine  l i t te r  decomposes in  12  to  15  years  in  3A year  o ld

pine stands or on native bush and. jn 25-30 years on 17

year oId. pine. Surning had th. e ef f ee t o f prevent j:rg

d.ecompo si t ion unti l  f ive years aft e r the br,lrn. Decomposi-

t ion studies using cotton str ips showed a s jmj- lar pattern

of decom'pos i  t i -on rat€s . Fastest d.ecomposj-t ion bei:eg on

the native bush and slowest on the burnt young pi-ne.

10. fhe sample si tes can be aruanged in o:rd.er of  both their

d .ecomposi t ion ra tes  and.  the i r  spec ies  content .

1  2  3  4  6  5 ,

1 1 .  Forest l i t ter decomposit ion rates in several  forest types

are d.iscussed., and are class ifi ed into f our ma j:l groups.

a) The very long periods of l i t ter accumulation of 50

to 300 years in harsh cont inental c I j-rnat es .

b) fhe long periods of 5-15 years i^ihich have been

measured" in most c ontinental forests.

c)  The fa l r ly  short  per iods 1*+ years in moist ,  temperate

oc eanic forest s.

d) The very short periods of less than one year in moist

t ropical  forests.

12. the probable changes in the l i t ter content of the forest

floor dur ing the lif e of a plantat ion are outlined. with

a graphieal model incorporating the pred.ictable charges

in l i t ter lnput and decomposit ion rates" The effects

of weath er are not inc lud-ed"
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13. The importance of th e d.econlposer system in maintaining

soi l  stmcture and f ert i l i ty in Austral ian forest

ecosystems is  d. iscussed. .  I t  is  suggested.  that

class if i cat ion of the s oi]. mi-crohabitat in t erms relevant

to b iologic al proce ss es sh ould" b e d eveloped and" comb i-ned.

with total energy fJ.ow measurements and autecological

studies to prescrlbe the structure, energy input and

speci-es composit j r :n n ec essary f or the continuing cropping

of  a heal thy soi l .



$oiJ- ZooJ.ogy

An historieal review:

The early history of soi l  zoology is adequately

sulnmarlsed in a twelfth century latln Sesti-ary which states

that trwo:m.s germi::ate without sexual intercourse out of

mean or wood. or any earthlS' thing. ft Apart from l ice,

f leas, bugs , t icks and. other frf lesh worrnsr i t  l ists

ttairwormsrt (caterpillars ) ttelotheswormstt ttearthworms - the

earth mill iped"e which hides in large numbers under flower

pots rolled. up in a ba]-lrr and. rrwood. worr.str or te:r:nites

which rf  breed. from trees which are f el l-ed at the wrong seasotl . f t

However mod.ern soi-]- zoology d.id not start r:ntil

Linnaeusr system of nomenclature, and the microscope carue

into use in the 1 760 t s," Sotany and'. f iooJ.ogy blossomed.

d.uring the Victorian era of gentlemen col lebtors and.

unfortrmately soil animals were not neglected* fhe

nineteenth centwy literature i-s fu-l-l of valid. speeies narnes

attached to inad.equate d escript ions and i'u will take more

than the entire twentieth c entury to clear up the rrr€ ss r

In many groups no attempts at clearing up have yet been mad.e

in a few groups the nineteenth century work has been d.iscard.ed.

and a fresh start made, but in the majori ty of groups good

and bad d escriptions with and without available type

specimens occur within the same genus and" alJ- have to be

carefu l ly  s i f ted before new species can be descr ibed old

ones id.entified. and taxonomic relationships worked outo

Some o f the o1d spec les d escrj-pt i-ons are based. on such

bizaffe characters as whether the arrimal curled. to the left
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or ri-ght when preserved., but on the other hatrd. some nineteen

century descr ipt ions are bet ter  than descr ipt ions 100 years

youngero In Inany cases species d.eseript ions are good. and

valld. but the characters neeessary for generic or family

groupings were omitted from the original d.iagnoses.

Toward s the end of the nineteenth c entury, although

the roorass of taxonomy Tdas stil]- getting d.eeper, there were

the beginnings of a movement to col.J.ect more than J-ists of

specimens ; to collect information on the numbers' o f arr jmals

present in the s oil and the j-r activit ies and distribution.

DescriptS-ons of extract j-on funnels for col lect ing soi l .

anj-mals were published by Onnay j.tr 1890, Berlese jrl 1908 and

Tullgren in 1 91 B , a floatation methods for extracting

rematodes was described by Bass in 1905 and" Darwin publ ished

his rrEarthworms and Vegetable I'.touldtr in 1BB1 , but the species

list phase d"id not really give way to the population nr.rmbers

phase unti l  the late 1 920 t s" A pioneer of the next phase

was Bornebusch who in 1950 published his evaluation of the

activity of soil- far-ina in which biomass and. respiration and.

J-if e cycles were the key measurements. However further

work in this new d.i-rection was not carried. out until after a

period of technical expansion both in method s of handli-ng

the anjmals and statistical methods of hand"ling d.ata. Much

of this later work was brought together ii l 1958 at the 1 st

meeting of the $oiJ. Zoology Conmittee of the International

Society of SoiJ. Science and was published in 1962 in Progress

in $oi l  EooJ-ogy. By the 2nd meeting of t l ie $oil. Zaology

Commlttee in 1962 Macfadyen could review the components of

the animal respiration in the soil from the publj-cations of
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only three workers other than h jmself. Since the n id

1 950 I s the present phase of sol] .  zoologyl i .  €. energy f low

and systems analysi-s is gett ing j-nto it s strid"e although

the 3rd and 4t,h meetings of the $oil- Zoology Committee in

1966 and 1970 were dominated" by biomass, resp::yetion and l i fe

cycle studies.

Meanwhile the taxonomists have been battli-ng with the

f lotsam and j  et  scm" o f  the past 200 years o Taxonomy has

the biggest work force and j-s the biggest block to further

work in soi l-  zoology. AJ-l the animal- phylla exeept

sponges ' c orals and. starf j-sh have repres entat ives in the soil.

Many groups have no livlng taxonomic specialists, very few

have more than one special ist in the world and a high

proport ion of these special ists are eld erly having started.

the i r  work  on"  the  spec ies  l i s t  e ra  o f  the  1950ts" I have

out l ined the maj: :  phases of soi l  zoology and included some

of the key workers in Figure 1 .

Where d.oes Western Austral-ia fit into this pattern?

The earJy lutch explo rers in the seventeenth century

noted. t anthllls I and- t flies t and the abund.ance of dung on the

soil surfac e and the eighteenth century add ed record.s of

beaut i fu l  beet les and mosqui tos.  In 1801 Peron recorded

a soi l  mi te and some black ants.  3y 1820 cent ipedes,

scorpions and snaj. ls had been ad d ed to the species J. ist and

by this time some o f the ani-urals had. acquired. latin names.

By 1 B5O W.A. I^ras sett led., and after sett lement ,  record.s

became more numerous and. confusing, Descriptions lrere

published. from time to t jme, usually ln Surope, for example

I
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in 1833 the Reverend Hope d escr ibed six Austral ian beet les

at  a  meet ing o f  the Entomolog lca l  Soc ie ty  o f  london"  In

spi te of  l ]arwinf  s v is i t  in 1836 when he d escr ibed Western

Australia as tr exceed ingly dull and. r,rrrint eresting* there was

a stead.y tr ickle of  s pecies record s to the end of the

nineteenth e entury, rn 19oj  a German expedi t ion to south

llestern Australia 1ead. by Prof . Ivlichaelsen and. Dr. Iiartmeyer

rea l ly  began the s tudy o f  I$ .A.  so i l  fauna. Mlchaelsen and

Hartmeyerr s col lect j-ons were taken to Germar4r to be worked" up

by spec i-alists , and the record s of th is exped ltion were

published between 1905 and 1914 with a much later paper on

the earthworms in 1gi+, rn  t he  192o rs  and "  1g ]o rs  seven

w'est Australian authors , Nicholls n Glauert , Barnes , Roewer,

Jackson, 3ow1ey and lredale had published species l ists an6

d escr ipt ions of  rsopod s,  scorpi -ons n a.mphipod s,  0pi l iones ,

Oligochaetes and Snails" There h as b een 1 ess wo rk d.one

sinee the 1950rs,  probably par t ly  because of  the spl i t t ing

of the Biology Department at the Unlversity ancl the subsequent

concentrat ion on the vertebrate fanma" lro George

Bornemizza spent some years at the ffoology Dep.rtment, and.

mad.e extensive c ollections o f the s oil nricrof&u-rr&c Many

of Bornem:-zzat s spec imens were sent to overseas sp ec ialists

some of rrhom have yet to publi-sh d.escrj-,ptions of t l ie n"ew

Austral lan species " Sornem:,zz�a also str"rd.ied carcass and

dung farma and. publ ished notes on the recovery of soj- l

microarthropod popr.rlations after burning i:: Kings Park (tg1;"g) "

At a recent special ist conference in So11 Siology in

Ad-elaid e r of 50 reports 1 1 were c onc erned with anirnals and.

6 , those by Greenslad e et al, $tout , Iree and. I$ood., Greaves ,
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King and Hutchlnson, aild Springett were c oncerned. with the

d.ecomposer far-ma. Taxonomists were not represented. at the

eon fe rence" In relat ion to the general history of soi_I

zoology i t  can be seen that Austral ia is t ry ing to step in to

the systems era with papers l ike King and Hutchinsonts

rrSoil mlcroarthropod.s ix. granl:rg systemstf wi tltout having

d.one more than scratch the surfaee of the specles l ist

phas e n and" without a ny inf ormat i-on on lif e cycJ-es , d i-stribution,

abund.anc e , and. populat j-on f J-uc tuat ions o

fhe taxonomic gap j-s mo st notic eable when publlcat ion

of results is nec essary , but even worse than the taxonomic

gap is the gap in the lc:owledge of the natural history of

the sp ec ies . For example work on northern hemi-sphere

oribatld mites has jnd icated that t hey j-nvarlably have a

lif e cycle of lar:va r protonymph, d eutonyrnph, tri-tonyriph and

ad.u1t. Oribatld s are pa rticularly important j-n the

northern Jaruah forests but the felrr species I have cultured.

in the laboratory h.ave prodi.rced. an array of quiescent phasesn

possibl .e d iapauses and. paedogensls " Many of the recorded"

oribatid ]-i-fe cycles are fairly long (Z-4. months at 2OoC )

and it w ould. obvi-ous ly be an ad.vantage f or Australian

ori' loatid.s to have d.iapause or quiescent stages for unfavour-

qble  per iods. Ad d it ional-ly oribatid s might be abl.e t o

shorten their l l fe cycle by omitt i :rg the f inal stadia to take

maximr.m ad.vantage of short favourable period.s of weather.

I t  ls  not  possib le to interpret  f ie ld measurements of

population numbers, and. metabol-ic activity or to extrapolate

lab matory measurements o f f eeding and. respirat ion to the

f ie]-d w lthout d etails o f ]-lfe histori-es .
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Introd rct ion

fhe plant structural polysaccharid es f orm the ne, jor

energy sourc e f or metabollc pro ce sses in the so 11, inc lud.ing

both n i t roEen f ixat ion and the red.uct ion of  ox id-es of  n i t rog€hr

sulphur, Fho sphorus and jron. It  is assumed that the rate

of  decomposi t ion of  cel lu lose anC l ignin is  re lated to the

rate of  cycl ing of  other  nutr ients,  but  th ls  re lat ionship

has never been direc tly measured. or even c learly d emonstrated. .

I t  is poss ible that l j - t ter i  s robbed o f i t  s minerals early

in the course of events and. it is the rate of humus

production and i ts type and abi l i ty to trap nutr j-ents which

is more important. Hrmus production may or may not be

related to the rate at  which ce]- lu lose and l ignin disappear

f rom the J-itt er laYer .

The tr 'orests Department T^ras more lnt erested j-n the rate

of breakdown of 3j::gs pj:tasj-er l i t ter on the c oastal sands

than in litter breakd.olrn in the nat ilye f orest types and

experi-nnental plots at Gnangara were used j-n this stud.y.

I t  was dec ided to  use the p lo ts  to  s tud-y  ;  the spec ies

composit  ion r  Fopulat ion, d.ensi t ies anct annual l i f  e cycles of

the so il m i croarthro pod"s und er g,--p;n agj3g as c ompared- with

nat j-ve vegetat ion; the s pec ies c omposii ion, populatlon

d.ensi t ies and annual 11fe cycles of  the soi l .  microarthropod-s

otl burnt and. unburnt, and" on th.j:rned. and. unthir:ned. Pinug

pgrapte{;  the rate of  J. i t ter  breakd,own und.er 3r-pinaster

ancl native vegetat ion , and the rate o f l i t t er breakdown on

burnt and. unburnt 3. Pinast 9-r'

t
L
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In  1958 and 1969 addi t ional  est imates were made of

spec ies e omposit ion and. population d.ens ities of s oil. anjmal-s

in Gleneagle tr'orest ?ine ar:d Jarrahn &rd on ad.jacent broad

]-eaved. d.ec id.uous f ruit orchard s o Col lec t ions o f  so i - l

anirnals were also mad.e in several areas in the sor.r-th west of

the stat e, $ou'bhern J arralt, Mai-n Karri , eastern Karri and.

$outhern coastal  scrubo t'he reason f or th is sampling and"

c olleetion was t o obtain a rough estiurate of populat ion

d,ensities and. faunal types in the native br"rsh and to gauge

lts f lexibi l i ty and. abi l i ty to adapto

$o il Fauna stud ies i-n

Pi&us _glnagte r plantat j-ons

Sample sites

Gnangara"

* Fi-eld" work.

fhe six experimental plots from whj-ch soil samples

were taken for est jmat ion of the s oil rsicroarthropod

populat ions and on which studies on l j - t ter decomposit ion

rates were mad.e wef€ !-

S i t e  1 $outh lane 3oo1e compartmerrt 66, an area of bush

nl:ich had. been cleared ancl used. as a pad.d.ock but

then al-l.owed to regenerate naturafly with banksia,

hakea, eucalypts and. some pines since 1978"

S i t e  2 South lane Poole compartment 2, ?inus pinaster

planted, in 1938 from Portuguese seed and with

present spacing of 6ft  by 6ft"
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Sit es 5 and 4 $outh Lane Poole c ompartment 69 , ?inus

pinaste r basal area th inning plots , plant ed in 1945

and th jr:ned to present levels in 1966 . Only two of

the treatment plot s c ou-l-d be sampled. , pl-ot 1 8 with a

basal  area of  150 square f  eet  (0.8.  )  per  acre and,

p] .ot  20 wi th a basal  area of  31 square f  eet  (0.9.  )

per  acre wer:e used" ( } f .3.  2a/6 j )  "

$ites 5 and 6 North Kendal Compartment 26, Pinus pi-rraster

planted. in 1951 pruned but unthiruted r,rleen given a

normal control burtr. on 28th and 29th July, 1965"

Fou r  p l o t s  1 ,  6 ,  2 ,  7  men t j - oned  i n  W.? *  1 /64 ) "

Metho d.s

Anima1 numb€rs.

Sampli:rg a rd extraction.

Secause of the sand.y texture fair ly large sample cores

of soi]- were taken. A circular corer of 1 00 square

centimetres was pressed through the l i t ter j : : to the s oi l .  to

a depth of  12 cm and the c ontents of  the corer  l rere p laced

in a polythene bago fhe sample was not d.ivided into

Ltarizontal la;rers. Sign-t samples were taken at monthly

intervals from the bush site 1 and. the o1d. Pi-ne site 2o

Eight samples were taken on alternate months from the two

basal area thirurlng plots and" the burnt and. r:nbrrr:rt plots "

The samples were hard sort ed. f or Jarger animal.s , wolans,

spid ers , large jns ec ts and larvae which lrere pres enred. in

a]-cohol. large surface active animals were colJ-ected.

d.uring 1970 us i-::g pitf aIL traps , twenty 1 J-b j arn j ars were

sunlr at four f oot int ervals on a square grid. j-n si tes
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1 , 2, 5 and. 6 " The j ars contai:red. alcohol as a preserva-

t i-ve and. were empt ied" at weekry int enrals o The

microarthropods T^rere extracted from the soiJ- cores j-n a

heat extractor of the Kempson, I ,J.oyd and Ge*rardie 1967

type, The eff iciency of the extractor was cheeked both

by ad"d.i-ng a known number of animals to sterile soi]. before

extract j-on and by hand. sort ing soi l  cores after extract ion.

Neither of these method.s ls very accr:rate, partlcr:-lariy as

juvenile anjmals are excessively d.anraged. when ad"d.ed. to

sterile so j-l and. the rec overy rate o f juven:lle and" soft

bod"ied small ani-mals by hand sorting heated samples is very

J-ow. The results are shown j-n fable 1o,

fable 1

Efficiency of soil- extractoro

Recovered. frou
$teri ]-e soi]-

% Mature oribatids

fi small , immature mites

f i  Col lemboles

It is probable that as al l-  the sites

same sandy soiJ- the extraction eff lciency

al-I  cases.

B5

75

Hand. s orted from
cores after
extract ion

o

1 1

5

were  o f  the

was similar in

fhe extract ed. animals were c ount ed. in a petri d.ish

und.er a st ereomi-c ro sc ope at a magn if ic at ion of X20 and.

cl.asslf  ied into the f ol lowing nra jor groups : mites,

col lemboles r Froturar pseudoscorpi-otrs, ol igochaeteg,

myriapods , spid.ers , insec ts , endopterygote la:rrae , and

psoc j-d.s* A sub sample of one sixth (estimated by area
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using a grid. marki-ng one sjxth of a disc (in southwood 1967)) ,

was removed. from the total sample and. was examined- in detail.

rt was impossible t o ident ify all the anifrars and. each

i-nd.ividual j-n the sub-sample was placed iJrto its major

taxonomic group, Addit ional  informat ion on each animalrs

age and. gut contents were also recorded. fhe p erc entages

of each age and f eeding c lass in the total sample were

calculated for each samPle d"ate.

I,it t er d ec ompo s it ion

The decomposit jon rates of l i t ter on the sample sites

were c ompared using two method s , the f irst method b e ing th e

estjmation of the dry weight losses of leaf l i t ter enclosed

in nylon mesh bags; two sets of nylon mesh bags were buried

orl sites 1 and. z one s et containi.ng fresh F. 'pi+rasler need-les

arrd. the other containing a mjxture of fresh barrlcsiar hakea

and eucalYPt leaves ' Only one set of bags, eontaini:ng

pine needles were put  out  on s i - tes/  3,  4,  5 and 6n

D*plicate sets of leaves were used for initj-a} oven dry

weight measurements. The bags were col lected after

7 t 21 , 22, 27 and 30 months j-n the f ield and thei-r dry

weight loss measured' The second estimate of decomposit ion

rates was mad.e hy measuring the ross in tens jJe strength and

the change ln nutr ient content of str ips of cotton cloth

buried verticallY in the soil ' two series were r-rsed", the

first was placed in the field in April , 1969 and brought jrl

in November, 1959. the second. series were put out into

the field at three weekly futervals between November 1970 aJ}d

Jr:ne 1971 , each set of strips was reft in the f ield f or
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three weeks. Five str ips were put out at each site on each

d.ate .

strips were cut and. thelr breaking strength ncasured. at

points on the str ip correspondi-ng t o f lve d. i f f  erent horizons

i:r the ]-itt er and s oi].. In the second. series for est imating

the d ecomposit ion rates throughout the yeer only one hor izon

was rreasur€d, th at wh ich corresponded. to the soi3./1.itter

int erfac e . In a l l  cases af ter  col lect ion the st r lps were

dried, brushed free of sand ancl d. ir t  and ten sample str ips

5 thread.s wid.e were cut across the str ip at each horizon.

The subsample stri-ps were mounted. on hoffmann clips before

being stored. for two or three d.ays over a saturated. sol-ution

of sodirm bromide prior to strength test ing. The strength

testing apparatus was very simple in constmction, the sarrple

strip was clamped. jL two places, the upper clamp was f ixed. to

a bar and weights were added d"irectfy to the lower cl.ampo In

compari-son with the beam balance type of strength tester in

u$e in the Internat j-onal Siological Programme (?.f .  Arct ic

Tr.md.ra programme) tt i is tester is much faster to toad and" use,

( one sample taking 1-2 minutes compared wlth ?-10 mi:rutes) ;

i t  takes a smal.1.er sample; is no more subject to operator

error, and. because o f the larger nr.rinber o f srnaJ-l samples

which can be cut and. proeessed. it gives a more reliable and.

deta i -Led est imate o f  the decomposi t  ion of  the whole c loth"

Cljmate

Meteorological  d.ata were not  col lected.  at  each s i te

and" the data for the weather stati-on at Wanneroo are used" to

ass ess the i-mpact o f c limate on the s oil f arnra. The

temperature and. raj-nfall data are shown in Figure 11"

l, f i th the f j-rst series of cotton str ips sub sample
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Resu]-t s

species composit ion on six s j - tes at  Gnangar& r

Identif ication of animals extrac ted f rorn Gnangara soil

sample s is inc ornplete but thos e whic h have been * id ent if ied to

f amily r genus or s p ec ie s are tis ted. in Append.ix 1 , wh ich als o

includes the o ccurrenc e of id ent if ied. and unid ent if ied. sp ec ies

orr each sit e . fhe total  number of  mites recognised as

belongi:rg to di f f  erent specles is greater for s j -  te 1 t l ran for

the  p i -ne  s i t es ,  44  spec ies  compared  w i th  25 ,  1  B  o  ?1  ,  17  and  19

s p e c i e s  o n  s i t e s  2  t o  6 . The nr-rmber o f e o].t embolan spec ies

is also sl ig l t t  Jy greater on si te 1 ,  n ine species being recognisecl

comr:ared with seven" on si te 2,  s i :c on si tes 5 and. 4 and. f ive on

s l tes  5  and 6" Two species of  pseud.oscorpion occr l - r  on s i te 1,

only one speci-es occurs on the p ine s l tes. The c ommon

spec ies  tend to  be the same on a IL  s i tes ,  s l te  t  hav ing a

larger number of  infrequent ly occurr ing or rraret  species.

In ad.d.i-t i-on to'anima].s co]-].ected. in h eated funnel

extractors,  anaqtals were also col lected. by pi t fa l . l  t rapping

on sj- tes 1,  2,  5 and. 6 and. by hand. sort ing l i t ter  in the

f ie1.d., ants and" termites were d. j-scard ed. from the samples . fhe

maj or d i f  ferenc es between the nat ive bush and the pine si tes

1ie in the absence of scorpions in the pi t fa l . l  t raps und er the

pines , 
'th 

e number o f large spi-d.ers in the p ine traps was al.s o

sma*]-]-er. The pit farl  traps on the l forth Kendal si tes, si tes

5 and 6 , c auglr"t only miltiped es and earwigs , on these t wo s ites
.lrl.

in particular *'he number of large predators seem$ to be much

reduc ed..



[otal- anjmal- popu]ations.

fhe se d"ata are pres ent ed. as J-ine graphs orr a l lnear

scale n the mean population numbers ani the stand-ard. error

of the mean ate shown for each d.ate and. site and. trend. l ines

are p lot ted on Figure I I I  1  -5. As was expect ed. the

tendet lcy ot l  aIL si tes is for the populat ion to have winter

maxima and- suluner minima. Ilolrever there are t wo no tic eable

f  eatures j r r  the total  populat  j -on f igures, one is th e J-ow Level

o f  an jmals  a t  the end o f  June,  1969,  a f ter  in i t ia l  h igh

populat ion levels in the autumn; the other factor is the much

lower rnaximum prcpulat ions in the winter of  1970 when conpared.

r,.,rj-th the previous wint er .

,Soi l  zoological  studies in t l r -e 1950 t  s and 195O t  s ( l " Ie iss-

Fogh 1 945, Guild 1955 , t{ lel sen 1 955, Itapoport et al 1 967 ,

Witkamp anri. van der l)r ift 1961 , Kuhnelt 1961, Ith.rrphy 1963,

0 tConnor  1967,  Ha] -e  19{"6 ,  Graf f  an.d  $atehe l  1967,  Spr inge-bt

1970) have shorrn that soiJ- animal populations are i jreatly

inf luenced by weathern ei ther d- i rect ly by accelerat i : rg cr

retard. ing metabol ic process es or cal ts ing d.eath by heat or cold.

shock or d.eslcc at ion o r i-nd.irec t13' thr ough the fo od supply.

The most  sa l ient  features o f  the 'weather  f rom 1968 to  1971 seem

to be the high rainfaj- l  in 1958 l rhich extended to November,

and. the lower rainfall in 1969 inrhich was fai::}y evenly

d.istributed f rom the bneak of season in It ' larch unti l  $eptember.

The long dry hot surnmer 1969-1970 was arr outstand.ing feature

with the mean Oct ober 1969 t emperature near Jy ]oF above average .

In February 1970 there was a false break of  season wit l t  over

2OO poi-nts of  rain and high mean temperature (5of above mean

average) followed by a hot dry March and early April (seven
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weeks without raj:r and. mean rnaximum temperature of 95oF and

extreme maxima of  1O4oF on two days)"  I t  is  suggested that

the higher animal populat i-ons jrr 1969 were the result o f c oo1.

continuously wet winters in 1968 and. 1969" fhe lower

populations in 1970 and 1971 were probably the result of very

hot summer of 1969-70 and a false break to the season j-n both

1969 and 1 9?0"

When the to tal- populations on the six sample s ites are

compared i t  is seen that the highest populat ions occur on the

old p ine stand,  s i te 2,  in  August  and September,  1969 and the

lowest in the th j-:rned" p ine stand , s i te 4 , ir] February 1970 and

the o].d pine stand j-n October ,  1970 " The mean numbers of

animals extrac t ed. f rom the s oil sample s over t lre who le sampling

peri-od are sh own in Table 2 , s j-te 4 has the lowest mean value

of 670 ani-mals per sample core and site 2 the irtghest value with

1017 anjmals per sample core. The means of each of the

arrimal groups and" the percentage composition of the fauna over

the r^rhote pe riod. are als o shoun . Acarlna are th e nPst

numerous members of  the fauna and. of  these the Oribat idae aTe

d.ominan t . Oribatids make up about half t l :re total anjmal

populat ion on al l  the sites with a sl ightly higher proport ion

on the North Kendal si tes , 56fi  on s j- te 5 and 60{, on site 6,

both these sites having a 1o wer pro port ion of Collembola. For

most of the other major groups the six sites are simi-J-ar etrcept

for a higher proport ion , 20c- of Acaridae on site 7 and higher

proportlons , 5f, and 4fr, of Protura on sites 1 and 2"
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I i f  e cycles of  the major ani-roal  groups,

Juvenile and adu-lt individuals ffiere d isti-ngui-shed ijn

the f ie]-d sarqples for Oribat idae, Acar ldae, Co]- ]-embola and. the

End.opt erygota Insecta" These d.ata are pres ent ed. as

histograms in Figr;res IV 1-6. Only t otal- numbers of the

remainjng groups , Mesostigmatidae , Frotura, ?soc i-d.ae n

Tuckerellidae and a final group containing Arachnid.a,

Sxopterygota Insecta, Oligochaeta, Pseud"oscorpi-onid.ae, and

Myriapod.a are presented as line graphs in Figr.r.res V 1-G to

v r l r ,  1 - 6 "

Oribat idae (Figs.  IV 1-7)

A theoret ical  model  of  the type of  l i fe  cycle occurr ing

j-n the Oribatidae at Gnangara is shown in Figure IY Z

fhere &re at least two generat ions a year , and the hatchi::g

of the f lrst generation, in autr"mn, is highly synchronised..

trarvae of oribatid.ae were rarely found. in the sarc.ples, being

too d.eli-cate t o come through tlie extraction process r so that

the f irst evid ence of hatching is the appearance of protonynphs

in the samples, The degree of synchronj-sat ion impl ies

that the whole orj-batid. farm.a respond.s at once to the auti.imn

raj-ns, that is,  they aIL at tain prebreed ing status dur ing the

sulnmer and breed.ing is tr igg ered by the f irst rain. Such a

high d.egree of synchronisat ion would produce a per iod at  the

end o f the f j-rst generat ion when most of th e f auna j-s agalr in

the egg or larval stage and. therefore wou1d. not appear in the

samples. The sec ond an d suec eed ing gen e rat ions are not

synchronised, eggs hatch in the ord"er jf i" which they are laid.
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and d o not have to lrait for the triggerJ-ng eff ect of the ralns ,

therefore a relatively smoo th and. ext end.ed. population cu-fire is

produced. Al l  the oribatid. populat ions on a]-]- the sit  es at

Gnangara fall into this pattern althou$r the timing is slightly

dif f erent on site 1 to th at on the lingq p j-:r,aste r sltes o On

s i t es  2 ,3 ,  4 ,  5  and  6 ln  1969  the re  i s  a r t  l n i t i - a ] .  sha rp  r i se

in population numbers, the rnajority of animals being immatur€r

this rise is f ollowed by a d rop in populat ion numbers wkren f ew

of the animals are immature foll-owed. by a second. rj-se in

population with an jncreased. proportion of j-mmature animals.

However, the proport ion j-n the immature stage never reaches

the high l evel shown in the i-nitial. populat ion increas€ , fhe

population then f aILs to a summer minjmum when mo st o f the

anima]-s are adult . Sites 3 and 4 and sites 5 and 6 were

oampled bi monthly vrhich means that parts o f the l: l f  e cycle

are obscr.rre n however the char€es in nunbers and in the

proport ions of each l i fe stage are those which would be expected

from the theoretical mod.el. The pattern of population changes

on site I is of the sarne type but the first population sanrpled

had a high proportion , g\fr, of immature mltes. fhe population

level and the proportion of immature mites fell during the

next two sample periods jcefore r ising "bo a second. maximumo

A second trough and- peak in the proportion of jmmati.lre mites

ind.icates d istinct sec ond and third generat j-ons which overlap

suff iei-ently to cause one second peak in the total populat ion

cunre.

The picture j-n 197 O j-s conplicated by the false break in

season-. In March the populat ion numbers on aIL s j- tes rose,

almost all the population being in the immature stage ,



1 7 *

indicating a much higher lanral population. It is slrggested

that the suc ceed.ing hot dry pe rio d of s even weeks c au sed. a

very high mortality in the newly hatched larvae and

cou.sequently the breedjng population at the real start of the

season in early May was very low. Sites 1 and 2 show a

pattern of rise and falJ- and. second. rise i-n both numbers and

proportion of immature anjmals but at a much lower leve1 and.

l-ess we].l d.efined. than in 1969" When sites 5 and 5 are

compared., in 1969 there are dif f  erences between the burnt and

r.mburnt pine both in the level of population reached and its

age eJ-ass composit ion" There were more immature anlmals

present at an earlj-er d.ate on the unburtrt site than on the

burnt  s i te. 0n average a much lower proportj-on of the

populat j-on was in the irnmature stage on the burnt site (site 5)

and even in March 1970 onJ.y +1% of the population was immature

compared to 7Of, on the unbrirnt site ( $ite 6 ) 67fi on the old

pine site 2 and, 7+f, on. the native bush site 1" This implies

that the high proportion of ad.ults in the population are ej-ther

in a state of reduced activi ty for most of the year or that

the adults are producing a large number of )-anrae which suffer

a very high mortality"

Collembo].a (r ' ig. IV 1-6)

Studies on laboratory cultures of the common species of

collembola found. at Gnangara gave inforrm.tion on the size

at r,rhich bre edlng could. t ake plac e " Collembo]-a from field

samples were divid.ed into adu-lts lrhich were larger than the

average minjrnum breed.ing size and. il jmmature[ which were smal.J-er

than this slze. The populat ion d.ensit ies of total col lembola

and. of immature animals are shown in Figi;re IV 1-6o



Collenbola are nunerically, relat ively r':aimportant in the

Gnangara sand.s being 16y'" of the total popuJ-ation jl site 2 ancl

7f"  on s i te 5n The populat j-on d-ensj-t ies cliarrge f airly

smoothly over the sampling period. without the rrarj-ation

apparent in the Oribat id-ae . This is as would.  be expected

j-n anjmals r , r i th a genevat ion t jme of 2-5 weeks' The

population f ollows a pattern of winter maxima and- sun]ner minjma

on al l  s i tes with a reduced populat ion in 1 970 " fhere is

an ind.icat ion that j-n l,tarch 197 O some b reedi:rg occurred but th e

populations were very ].ow and there was no narked- increase in

nu:nbers until MaY and June 1970, There was ] .  i t t le di f  f  erenc e

i n  to ta l  m.mbers  a rnongst  the  s i tes ,  'uhe  o ld  p ine , (s i te  2 )  had

the highest populations and 'uhe Nortll Kendal burnt ancl unburnt

s i tes the lowest  PoPulat ions. There was a tend.ency for

the proportion of lmniatr.:re ani-mals in the population to be

higfrer in 1g7O than j r ]  1969 part icular ly in s i te 2.

Acarid.ae (Acar id iae, Acar id. ia,  Acaroid ea) Fig.  IV 1-6 .

The Acarid ae aTe a group of s oft bod j-ed. mites wh ich

aTe not numericatry important but for l,rhich age class data

are available and. wh iclt have been cr-rltured su-ccessfully in the

laboratorY. The total number of Acarid.ae anct the number of

imma tur e anirnal s are sh o un in Figur e IV 1 '6 ' The general

patt ern f or 1g5g is s imilar to th at shown by the or j-batid

populat ion. The 1g7o populat ion had, a s imple populat ion

curve on the pine si tes " onl}' on sites 5 and 6 r^ras there

any evj-d.ence of breeding in March 1g7o, when 62f, and 5cF/'of

the Ac aridae w ere in an i-urmature stage c ornpare d with %ero

,'erc ent on the other t wo si tes sampled. on the same d-ate .



Mesos t i gmata  F ig .  V  1 - ' 6 ,

The adult s ancl la ter stad ia o f the larE;er pred atory

mesostigmat id mites were c or-urted" j-n the f ield sample o the

young stages were not dist inguished. f rom the other young or

smal l  Acar ina. fhe Mesost igmata populat ions fol low

the sa.me general  pattern as the Cribat id.ae populat ions, that

is wjnter maxima and. sumfirer mj^nima with zubsidiary peaks

ind j-cating s ome clegree of synchronisation j-n the population as

whole. The timing of the peaks and troug6s in ihe stlnmer

1959 populat  ion tends t  o lag beleind those of the or ibat id

mit es and- the ac arid.s . As small young mesostigmat ed. mlt es

were not  counted.  separate lyn i t  i s  not  poss ib le  to  say whether

troughs in the numbers of ad.ults coincided with peaks in the

number of ind.ivid.uals i_n the yolng stages.

fuckerel l ldae (Prost igmata Tetranycl io id ea) r ig.  vr  1-5 .

[he later stad. j -a ai :d adutts of  these rni tes were easi fy

d istinguishable and were c ounted s eparately f rom the other

mltes in the one sixth subsamples. fhe est jmated. totals in

hrrnd.red.s p er square metre are showr in Figure VI 1-6 . Unlike

any of the other mites the numbers of  adul t  Tuckerel l idae

inereased" du.ri-ng th"e s uruner reaching a rnaxj-mum i-n April 1g7O .

This implies that the young stad"ia are actively growing and.

moult ing thror.r.ghout the su4j@er.

Other Acar j:ra Fig. VI I 1-6

fhj-s group includ"es al l  tho unj-dent i f iable mltes,

mainly young stages of aIL mites and- rilany young and ad.ult small

Prostigmata such as Raphignathidae, Cryptognathid.ae and
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Eremaeidae. As might be expected with such a mixed group,

there is no clear pattern, but s trring and. autumn populations

are reJ.ativeJ.y high with lower wi-nter and summer populatlons.

Insecta a rd other invertebrates Figs. VIII  1-6 o

?opulation estimates from coltnt s of the r^tr ole sample

cores, (not the one sixth subsamples) are shor,,nn in Fi-gures VIII

1 -6 for Frotura, Psoc idae , Insec ta Endopterygote la:srae , and

the f inal- group which contajns adult Insecta, Sxopterygote

nymphs , Arachnida , Oligochaeta, Myriapoda, Pseud.oscorpionidae.

AJ.l follow the same pattern of winter maxima and sunmer mlnima

except the Psoc id.ae , which llke t he adul-t Tuckerellid.ae have

maximum population d.ensities in the summerr Psocidae and

?rotura were most c CInmon site 2, the proport ion of these

animals on the native bush site 1 bei::g somewhat hlgher tharr

the oth er four pine s i tes.
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frophic anal'ysis o f the soll. far.m.a by feeding groLr.pso

The f eed ing c ategor ies used. in ttr is analysls were d. ef j:red.

by exami-ning the gut contents of animal.s from field samples

and. by observing the animal-s behavj-our in laboratory cultures.

Fungal feed.ers were def lned as t hose animals wkr-ich had only

fungal hyphae or fungal spores in tkre gut and which were

observed to select hyphae o r spores ln the culture charnbers .

Mo st of the adult and later stadia Oribatidae , the ?socidae ar:d

some j-nsect lanrae !'rere furrgal feed.ers. General f eed"ers

were d efj::ed as those anjmals which had plant c elIs, fungal

hyphae and spores, brown amorphous material and. raineral

particles in the gut. Most of the collembola and the ad.uJ-t

Acaridae w ere general feed.ers. Pred.ators includ.ed. the

larger trombids, mesostigmatid.s, pseud.oseorpions sma IL spid.ers

and. some insect J-anrae and" adults. fhe last group of which

the f eed.i:rg habits are unknown contaj:rs many smal.J- and. immature

mites, Frotr,rra and. some Collembola and tl-ris group includ.es

fable 3

Percentages of each f eed.ing group over 21 months .

1 2 5 4 5 5

Fungal f eed ers 48 49 50 54 56 60
fi  with fuIL suts 73 72 75 71 62 75

Senera l  feeders  22  20  22  20  15  15
/, with fu]-]. guts 9l 91 94 9Z 9l 91

P r e d " a t o r s 7 6 6 6 7 7

Unknown 25 25 22 20 26 22

fota]- number
o f  an ima ls  16  ,O95 21  ,325 9  ,21  1  6  ,737 B ,128 8  1695



bacterial f eeders and those ani-mals which feed by sucki:rg

plant, animal or mj-crobial ceIl  contents. 0n average 22fi

of the sampled animals f alJ- jnto the latter category r the

maximum record.ed. proportion being 58f" on site 2 jrl March 1970

arrd the lowest being 5fi on site 4 i-n October 1969" The

overa]-l trophic structr,lre for the six sites over the 21 month

sampling period is shown in Tab1e 3. fhe proport ion of

fungal feed.ers increases from site 1 to site 6 the proporbj-on

of general feeders is sirsl3.ar (ZO-Zlfr) on sites 1*4 but lower

(  I  fS)  on s i tes 5 and" 6. Sites 5 and 6 a]-so d.iffer in having

a. lower percentage of microarthropod pred.atorsr

the seasona-l char:ges in the trophic structure of the

population are sholon in Figure IX 1-6 and" can be related to

the life cyeles of the predomj:rant aninal groups, the

proportion of general feeders present in the popr:.lations of

all sites is very J-ow throughout the summer but lncreases

during the winter. The proport ion of micropredators 5-s

relatively constant during the period except that there is a

d.eclj:re from 1969 to 1970, partlcul-arly notic eable j:l sites

1 and, 2" 0n slte 1 the proport lon of fungal feeders is

relatively high for most of the year but is 1.ow duri:rg the

period vrhen most of the oribatid far"ma is in the early immature

stage , May 1969 and Jr'me 1 970. Many of the oribatj-d.

j i. lvenile stadia were classed as of r,mknown feeding habits and'

at these t imes a higher proporbion of the populat ion was in

the nunknowtlrr category.

The two occasions when fungal feeders formed a very

large proportion of the population were caused by two different

series of events. In December 1969, the high proportion

t
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of fungal feeders was due to changes in the other members of the

whole populatj-on, there being a 68f, reduction jrL the m,ruber of

ttgeneral feedersrf and. a 5O{, red.uction in the m-rmber of trunknown

feeder$.rr However in August 19?0, 66f, of the populat i-on

were fungal feeders and. this was caused mainly by a 65f" j-:rcrease

in the number of large j-n:mature oribatid.s. A slmllar pattern

of events i-s apparent on site 2 wlth fungal feeders being

numerically important for most of the year with a reduction in

importance when the juveni-l.e stad.ia are too small to gTa%e on

fr.mgus; and. an j-ncrease in importance when the juveniles reach

the necessary slze and again rarhen the more drought resistant

adults survive the early summer droughts longer than most of the

other microarthroPods .

Feed ing ActivitY

The nr.mber of anjmals in the f iel.d population with food

in the gut j-s taken to be an indication of the f eeding pressure

they are exert ing on their ha,bitat.  I t  is necessari ly a

very rough guid.e as it makes no allowance for the tjme necessary

between feeds for  d igest ion or  for  the qual i ty  of  the foodo

An active anjmal may digest and ehmjnate a meal and immed.iately

take asother meal appearing in the sample with a full gut.

An inactive anjmal may take a long time over digestion and also

be record.ed as full. 0nly if the population as a v#role

spend.s as nnrch time between meals as in d.igestion would- the

proportion of fu}l and empty animals accurately indicate

the f eed.lng pressure. anjmals r,frrich take d lsti-nct

meals with no feed.lng activi t ies between thenr predators
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and specialised. feeders, carr be expected to have empty gut s

for some of the time whereas anima]-s which feed almost

c ontinuously e € .g r collembo lan general f eed.ers r s€J.d. om have

empty gut s unle ss they are und ergo i::g ec d ys is " An animal

with a fuJ-l. girt may he retai-n ing und.igested food or it may be

d.igesting one of a rapid. succession of meals, but an anjmal

whlch has an empty gut is cl-early an animal- which was not

feeding at, the time of sampJ.i i lSo 0n sites 1 and 2 over most

of the y @r between \Of" and 4}fi of the fr,rngal feed ers have

empty guts, (Figure X") However at the b egi-nning o f the

breeding season j-n both 1959 and 1970 and at the begirrning of

the summer very few , 15f" and W, of the animal.s were empty

suggest jlrg an inerease i:: f eed ing act iv ity at these time s "

The other four sites were sampled t oo infrequent 3y to allow

seasonal  changes to be d.etected. When the average percentages

of full animals over the whole sampling period. are c onsidered it

is seen that the burnt pine sites has a lower percentage of fuJ-l

animals, (62f,) . fhe proportions of frrl l- animals were not

high at the beginning or end of the breedi:rg season in 1969,

the only high value , (gOf,) , bei::g recorded in June 197A"

Compared to the ad. jacent unburnt site n slte 5 has a reduced

feed.ing activity which suggests that the lower proportion of

juvenl les in the populat ion is due to red"uc ed breeding

activi ty"

In contrast to the fungal feeders the general feeders had

high proport ions , (9251, with ful l  guts on al] .  the sites

througfrout the sampling period " This is to be ex"pected iJI

animals which take j-n large quantj-ties of low quality food

rather than smal-ler quantit ies of high quality food'
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l itter Decomposition Stud.j-es at Gnangara.

I i t ter  3ags.

fhe oven dry welghts of leaves in nylon mesh bags are

shown on a seml logarithmic scale in Figure XI" I t  is  seen

that the weight loss is greatest on site 1 and" the weight

losses on sites 2, 3 and 4 are lesso Soth the North Kendal

sites have a much lorcer rate of welght-J-oss. Hhen

scherophyll and. conifer leaves are eompared. it is seen that the

weight loss is greater from the scherophyll than from the

conif er l itter regard.less of whethe r the litter is pl-ac ed und.er

pi:res or und er scherophylls. If the weigfrt loss currres for

pjne litter and ba"nksiaf eucalypt l itter are extrapolated they

give approximate periods f or approaching 95/" decomposit ion of

f ive years for native vegetation, ten to twelve years for pine

otl the older sites and. twenty five to thirty years for the two

North Kendal  s i tes. The bur:rt site d.iffers from a]-]- other

sites in faj-l-i:eg to rcy'se weight for the f j-rst twenty two X
, ,..o

months, but its eventual rate of weight l-oss is equal to that

of the unburnt site.

Cot ton $tr lps

Cotton str ips J-eft in the f ield. for slx months,
Apri3- 1969 to Novenber, 1969.

Decomposition was far ad.vanced

North Kend.al burnt and unburnt sites

J.oss in strengths at the soil/l itter

Table 4.

o r1 all. s it e s exc ept the

5 and 6u fhe percentage

interfaces are tabulated.



fable 4

The percentage loss
after six months in

in strength of cotton str ips
the f i -e].d.

$ i te

1
2
5
+

i i ' "  
' '

, 5 ,
6

f i loss
55
5z
49
5 1
q,
37

no sigrrificant
d ifferenc e

significantly d.j-fferent at
the O.5/o ]-evelo

$j-tes 1, 2, 3 and 4 dif fered from sites 5 and 6 durlng

the wj:nter of 1969 t sit es 5 and 6 having a" smaller loss in

strength. The burr.t site , sit"'G also had a signif icant 1y

smaller strength loss than the unburnt sit€s.

The decomposj-t  jon rates, as indieated by the resj-dual

strength of the cotton str ips are shown in Figure XII for the

period November 197 O t o Jrme 19'11 " the rates on site 1 are

highly variable and. there j-s no slgnifj-cant pattern over the

per iod . The decomposit i-on rates on sites 2, 5 and 6 show

signif icant dlf ferences over the eigfrt  month peri-od. Site 2

and site 6 have arr increased rat e of d ecompo sit j-on in Mareh

and Aprll. She birrtrt site, site 5, is again diff erent from

the other s i tes,  and in th is  case the per iod of  s igni f icant ly

jncreased decomposj-tj-on is delayed until Jr.me'

The average percentage 3-oss in strength over the eight

nonth period. is 42fi f or sites 1 , 2 and 6 and 33/, for site 5.

This differs from the ].oss in strength reeorded between April

and November 1969 when both the North Kend.al sites (f and 6)

lost less strength than the other four sites although the loss

on the burnt site was much lower than on the unburnt site'
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In addi t ion to the residual  strength o f  the cotton

str ips being measured. tho ni t rogen content of  the str i -ps was

det ermi-ned.. The result s are shoi,rn in Figure XI II " I t

i-s su{ggest ed that the nitrogen c ont ent of the co tton strips

indicates the amount of  microbia l  prote in associated wi th the

c ell.ul-o se, the mj-croflora usi.:ng the c otton. strip as an energy

sourc e . I f  th is is so the n i -n a]- l  s i tes the microbial

populati-on is l-ow d.uri::*g the sumrner months with a minjmum i.:r

January/nelnr ary. This is foll-owed by a sharp increase in

February/March and subsequent hlgh levels d"uring the winter.

The most pronounced. r j-se in nitrogen

banksia,  hakea,  eucalypt  s i te,  s i te 1

pronounced on site 2.

c ont ent oc curs in the

and the least



280

Discuss ion

Mode]- of ].itter accumulation

The major changes in litter accumulation and

deeomposi t ion dur ing the J. i fe  of  a forest  ean be descr ibed,

but the sequence of events in the developmerrt of the soil

biota is ] .ess we]-I documented" In the history of a

plantat ion the j:ritial event is o fben the clearing of th e

native vegetat ion, Clear ing cut s of f most o f the

energy input to the soiJ--J.itter sy stslllr However, the

so i1-1itt er syst em will. c ont i:tue t o f unc t ion unt il. it run s

out of energy, theoretical ly unti l  complete decomposit ion

has occurred in both the litter and humus layers and there

ls a 1OOf" mineral so jJ- o In practice, the role of energ1r

f ixat ion is taken over by the herb layer so that the soi l

l j-tter system is never without an enerry input, If t

for example, the onJ.y energy fixation al3-owed on the site

is  by crop t rees ( i f  there are no weeds) then there wi l l

be no si-gnif icant input to the d.ecomposer system for severa,l

years aft er c learing and. plant jng. If the litt er an d"

hi.mus d.ecomposit ion rates ean be predicted then i t  would.

be theoretically trnssible to calculate the interrral

before the trees would be growing in a humus free sol l .  As

the trees j-ncrease i-n size, the input to the litt er layer

lncreases slowJ.y with a sudden large input in both leaf and.

wood. J. i t ter at canopy c1-osure. Further sudden inputs

oecur if there is pruning, with a fairly steady low leveJ.

lnput from prrrni-ng, thi:rn:ing ard croppi-ng" The decomposition

rate before the tuitial cl.earing ls llkeJ.y t o be f airly high

and wjJ-l decrease after cleari-ng (p"rticularly if there is
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t . \ .burr'ulng) to reach a mj-nimum 1enrel which may even be zera if

there is no l i t ter or humus in the soit  . As  the  fo res t

grows r the litter d.ecompos it ion rate jnc reases, It is

probable th at the d ecompo si tion rate c harrges several t jmes

during the ILfe of th e f orest j-n respons e t o var iations in

the litter input and to factors such as weather, burning and.

f erti l iser appl j-cat j-on.

I,itter d.ecomposition and. accumulation have been

measured. in several f ore st type s arorrnd. t he w orld. a nd t he

results are summarised in table 5" The data are of two types,

from the d irect study of the d" isappearanc.e of rnarked leaves on

the solI ( leaves c cmf ined i.rr mesh bags , tied. t o strings, or

radioactively tagged), and from the measurement of l i t ter fal l

and. the amount of accumulated. litt er on the f ore st ff-oor.

litt er accr.mui-ation and. d.ecomposit ion are assumed. to be

exponential and the value 5/k (tfre time taken t o reach g1f, of

the asymptote) is caleurated from both types of d.ata :

for the leaf d.isappearallce studi-es, from the f ormrrla

describing exponentlal decay

].eaf remaini:rE -k
iniffil-ieaf$;iltity s 

e

For the forest  f loor  s tudies,  f rom the expresslon

descr ib ing a steady state

1- input o f litt er
t 5 . : =  - - -

accumulated. 1ltter
(Otson 19fi)
(Jenny et aJ. 1949)

Neither of the assumptions is necessariJ-y true, and. i t

can be seen from the table that there are confJ. ict ing estimates

o f d.ecompos it ion rates . Ferel t s es tlmat es of 1 0 years and

40 years for the accumulatj-on of oak litter are calculated

from leaf d.isappearance rates measured. in a dry year and. a
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wet year, Other factors wh ich af fect the dec omposit lon rates

are : the presence of absence of soil anj-mals (Heath et al

lgGG), the absence of soi l  anj-mals from oak l i t ter char:ging an

estimated 3 year accr.imulation period- into one of 48 years;

and the age of the stand. Both the l i t ter disappearance

studies at Gnangara and the forest floor studj-es at fu-urut

N.S.W. (Forrest et a]- 1970) have a longer esti-mated accumulat ion

period j-n the Younger s tand-s .

Despite these factors the l . i t ter accumulation perlods

for the f orest types can be placed. jr ]  four main groups:

1 . very short perio ds , f reque nt ly of J.ess than one y ear jJ3

moist  t roPical  forests t

Z. sli-ghtly longer perio ds of 1 to 4 y ears ln temperate

oceanic forests ,

5, med.ium lerrgth accumulation periods of 5 to 20 years for the

maior i ty  of  co: t inenta l  forestst

4. very long periods estimated. by Jenny ( lg+g) ts 25 to 3OO

years for l itter accumulation in the very harsh continental

cljmate of the Sierra Nevad.ar California'

It is j:rstmctive to compare the Russi-an continental oak

forest (}ere1 19?1 ) with the oceanic temperate o alc f  orest

(Heath et a1 1966) and the black oak forest in the Sierra

Nevada (Jenny 1g4g)," The weather during Perelr s experiments

ranged. from rnild temperate to harsh continental in the two

years. The two calcu-l-ated. d.ecomposit ion rates were simj-Iar

to those recorded. by Heath et al Ugaa) for mild. temperate

cl jmate forest and by Jer:ny ( lgqg) fqr harsh continental

c l imate forest .
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Wtrere both conifers and broad leaved. species have been

examined j-n the same clinatic regi-onr conifer leaf l itter has

been shown t o decompose r&3re s 1owIy th an broad, leaved. Ii-tt er ,

However, it is suggusted (Healy an d Swift 19?0) tfrat the woody

material in the litter wouJ-d decompose more rapid.ly in a soft

wood than in a hard wood forest:

A graphical mod el of l itter accumulation based on th e

charges in litter fall and" decompositi-on rates outlined above

has been const::r"Lcted., Figure XIV. The model shows a. l itter

i-nput whieh rises sJowly to a steady leveJ. with addit ional-

i-nput at canopy closure ard pruring" fhe d"ecompositlon rate

is at f i rst high, but fa1ls to a steady le\rel,  r ising when

there is additional i-nput. fhe curve for l itter accumul-ation

jJr these c ircumstances d. oes not reach a stead.y state r.rntil

after the maxjmun litter accumul-ati-on. fhe exponential

litter accumulation curve shown as a broken ].ine illustrates

the differences between the ttreoretlea]. ]-eve]-s and the ]-eve]'s

to be expec ted. in the f ie Id"
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lhe so i]- fanrna"

The importance of the soiJ. fauna in increasj:rg J.itter

d ecompos i t ion rates has been clearl- y d emonstrated by Heath et

aI (toc cit)  ,  Kircheva 1960, and Witkamp et al 1965 " Witkanpr s

studj-es also show that th e macrofautra is i-mportant in d.et€r-

mini-::g the rate of physical breakdown of the littero Majn

( pers. comm. ) suggests that the marsupial f auna of Australian

forests may have an lmpact on the decomposer cycle through

the ir f eed lng and. behaviolrtr o fhe effect of soi]. animals on

the soi-J. microbial populat ions has b een 1it t le studied exeept

by the total energy f low methods mentioned. Feed !:g

pref erences o f j-nd ivj-dual animal sp ecies have b een stud ied" by

I lar tenst ien ( tg52),  Karg (196l) r  lebrr ,m ( tgZO) lut  have not

be en relat ed to the di stribut ion of e i the r prey or p redator

i n  t h e  f i e l d . Spri::gett , latter and Stadd.on ( in press )

formd that animal-s usr.rally inhabitati-ng the upper layers of

the l l t ter were more attracted. to traps c o:taining th e microbes

i-:rvolved. jrl. initia3. d.ecomposition o f plant litter than to

traps containing microbes involved. in later stages of

d.ecomposit  ion. Spri-ngett ( t gZt ) showed that in laboratory

cultures the fwrgus Trichoderrog_sp. cannot wittrstand the feedi:eg

and. tranpling prressure of a collembolan population. I t  i s

known that lreqboderma sp. can be antagonistic to mycorvL:rr,zae

but the interrelations of these three groups with the rest o f

the s oil b j-ota, with the pl-a nt s and with the j:rorganic

frae t ion of th e s o11 are unknovrn .

It is beeomS-ng increas jngJ.y obvious t hat the ma jor quest ions

arising jn the study of the soi l  fauna and f lora are not related

to the energy flow concept of rthow much and" how fast?tf but to
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the natural history collcept of rrin what way?rf . Ultimatel-y

the two concepts wiJ-l merge but this will not happen until a

great deal more is lorown about the re lative competitlve abil-ity

of groupsn of organisms j:: the so1l environment. f echniques

for measu.ring total soil metabolism are availab1.e but there is

a need. for method.s whereby energetics can be eombined. with

natural history observations to id^entify essential elements jn

the d ecomposer syst em. The need for th is type o f d.ata was

stated. by lvlacfadyen (tg|Z) and again by Van der Drlf t  ( t9?O).

fhe greatest need, and part icularly in al l  Austral ian habitats,

i-s for taxonomic studi-es and. there is Iitt le chance th at the

quantity and quatlty of manpower cons idered essentia]- for

environnental marlagement by Saller (1969) and. Christensen

(tgtO) wi]. l  be avai lable in the near future,

In ad.d it ion to taxonomlc studies of the soiJ. organisms ,

their habitats should be cJassi-f i-ed. Soi].s should b e

classified in terms relevant to the animal life fu them, uslng

such character j-st ics as cavern sLze, root penetrat ion, the

Spec j-es compos j-tion o f th e mic roflora j:r th e s oiJ' and the

structure of the mlcrofloral community, the number of fruiting

bod ies , rhiaomorphs and growi:rg tips. Embed"d.ing and

sectioni-ng o f so j-I blocks and the use of scanning electron

microscopy in biological studies are teehniques which, i f  i t

were poss j-b1e t o id entify the organisms , would. rnak e feaslble

a class jf ication of soil habitats simil.ar to that d eveloped by

Kikkawa and Webb Ugel ) for troplca]. forests.
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In the absence of detailed inforrnation on the mechan-

isms of the natr:ral biological cycles of carbon, nitrogen,

phosphorus, oxygen and other nutrients the broad energetics

vJ-ewpoint is a useful toolr &s al l  these cycles are driven by

solar energy. ManIs approach to the biological  cycle is

to channel an increasi:rg proportion of the fixed. enerry through

himse ].f . rn any one system the trend" has been to increase

the energy f ixed , but t o remove most of it leaving l ess

availabJ.e to drlve the biologica3- cycle j-n that system. The

system usually runs on the red"uced. energy by having fewer

organisms working at their normal rate (Xdwards 1970), although

the alternative of having the saae number of anjmals worti:rg

at less than their normal. rate may have taken place in the

burnt plots at Gnangar& r

fhe changes in the soil community followi-:rg clearfuIg

and reafforestat ion have been stud.ied by very few workers.

Hrft ta et al (gal ,  1969) have studied. the effects of

silvicultural practices on soil animals i-n Finl.and; Dur:ger

(gel ' 1 96 8) has s tudi d the d.evelopment of t he soil community

on mjning t ips; van d.en Serg and Ryke ( lg0l ) have studied the

d.evelopment of the ni-te fauna in exotic pine plantations jn

$outh Africa" These stud.ies and. the present work show

that the ntmber of animal species in the soiJ- ls reduced. after

plan ting a monoc rrlture , and the large r sp ec ies , particularly

the p rcd.ators , d.isappe ar. X.are species vanishr &s night

be expec ted when habitat d.iver sit y is reduc ed. . The new

habitat is recolonlsed by those animals whlch can make a

l iving there; the rate of recolonisation depends ori .  the weather,

the microclinilate and the habitat d iversity within the lltter.
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The microclimate and" the habitat diversity will depend J-argely

on the d ept h o f J- i t ter" and the age of the stan d". Microbial.

f  eed ers and plant f  eed ers w jJ- l  be able to colonise before

predators which may onl-y do so when an ad.equate food supply is

aIrcady establ ished. Onc e pred.ators become part of the

community they have an accelerati-ng effect on the total popu-

lat ion metabolj-sm, the energy needed for hunting and escape

being added. to that requirred for grolrbh and reproduetion.

Decomposer systems can probably be classif i  d into two

major  types 3-

1 * Opportunist ic - $ystems wi th s udd en unpred ictabl.e

].ltter fal-l-s i:r an erratic c ]-imate.

2. Steady - $ystems with a predictable i-nput in &

predictable c1j.mate.

Many Australian d.ecomposer systems, particuJ.arJ.y i-n

seml arid areas seem to belong to the opportunist ic type.

There is a large proportion of standing dead material ard

d.ecomposi-tion occurs rapid.J-y after relatively smalJ- amor:nts of

raj.nfa].]- (Charley arrd Cowllng 1968), Thus in favourable

cond iti-ons of energy supply and weathen, d.ecomposi tion is fast

but at other t jmes deeomposition is very s3-ow and the sta"rrd ing

d.ead. mate rial. in the ecosystem accumulates.

Clearlng of native bush for agrlculture usually occlrrs

during a period of wetter-tharr-8..v€3age cJ.imate, a tjme when

the opportr.mj-stic d.ecomposer system wou-ld be very active.

If this postrrlate is c orrect subsequent farning practice

resu-lts in the very active d.ecomposer system havlng a muc h

red.uced. enerry input rdrich is used. up very rapldJ.y, TLrere

are no reserves of stand.ing dead material and. annr:al top
I

l
F
t '
t

E:
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d.ressings of organic material are insufficient to have a

permanent eff ec t on th e struc ture an d hi-inus cotl tent o f t he so i]..

The soil in such a system would" have a very J-ow humus content

for most of the year and any added organic matter wouJ-d

dlsappear very rapidly, a descript ion which f i ts many marginal

agricultural land.s.

A steady d.ecomposer sy stem is not adapted t o rong

irregular pe riod s of inac tivity dr.lr ing d rought or reduced

1 itter i:rput . Obsenrations i:r the Darling danges near

Perth show that, i r i  the jaruah bushn l i t ter accumulates jrr

the s oil surfac e and" whe n d.ec ompos lt ion occu.rs lt is almo st

complete before the l i t ter is incorporated into the soi l  and

the humus content of the soiJ. is therefore fair ly 1ow. I t

nay be that this tend ency to litter d.ecompos i tion above ground

wlth 1i tt 1e j-nco rporat ion o f humus into th e s oil is a

character o f o pportunistic systems and that even the bett er

forested areas, and. the non-marginal agricrrltural 1ard.s, belong

jn that category. In c ont rast , d. ec ld.uous pome f ruit

orchard.s in the Darling Ranges near Perth have litt le litter

accumui-ation on the soil surface r and. d.ecomposit j-on appears

to be rapid but lncomplete, as much of t  he l i t ter is mi-xed into

the soil probably by the large populations of li,mbricj-d-worfirs"

Moist temperate ard tropical. f orests ar:d agricuJ.tural- areas

are of this latter ty-pe with anlmal-s having a J-ong developnent

period and. a regular }lf e cyc le.

To maintain this type of community, a reguJ-ar energy

input above a certaj:r mjnjmr,m would seem to be essential. and.

this witl probably vary with climate, soiJ- and vegetat j-on.

For example, wet tropical f  orests have a large stead.y l i t ter
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input and a very fast decomposit ion rate, and the t ime taken for

lmpoverishment after clearing is fairly short. 0n the

other hand, Xuropean temp sate oceanic f  orests have withstood

cleari-ng and. agriculture f or many hund.red.s of Jrears. How

much o f this dif ferenee is due to energy storage or t  o a

reJ.atively lesser red"uction in input j-s unknown but the

falling soil- humus content and the red.uced crop yield on

many Snglish farms show that the temperate oceanic system is

not immune to soil humus banknrptcy. fhe cleared Karri

forest soi ls in the Warren area of W.A. are also showing a

loss of structure arrd. red.uced humus content after a relatively

short perlod. und.er lntensive croppi::g.

Clearing forest for agrieulture reduces the number of

species of s oil animals . If the number and. d.iversity of

anjmal species is relat ed t o the abi l i ty of the soi l  to

maintain i ts fert i l i ty, i t  is possibl-e that the init ial .

reduetion of s pecies when c lear ing the highly dlverse tropical

forest is s uff  j -cient t  o red"uce the soi lr  s abi l i ty to malntain

fer t i l i ty . In the less d. iverse t emperate f o rests, early

clearing does not red.uce the soi l  animals by a cri t ical

a;rrormt but mod.ern agricultural practices srrch as ehemical

sprayiogr the use of larger f  ields, and the use of inorganic

f ert i l isers may have ef f  ected. the f jnal cr i t  lca1 red"uctiono

I f  a v iable soi l  decomposer system is  essent ia l  to the

maj-nt enanc e of soil f erti l ity , humus , s oil structure and if

maj:rt enan ce of s oi1 f ertility is d.es lrable, t hen several

q.uestions are ralsed by cons id.erat ion of the ecosystem basi-s

f or agricultural practices :



1 r

2 .

3 ,

+.

59*

How far can the energy j::come to the soj-l and the species

diversity in the soi l-  be reduced before soiJ- poverty

backlashes and" reduces profitabillty?

For how J.ong i,rtJ.J. the area prod.uce a profitable crop

without t reatment? ( f n theorv r al-L crop prod uction coui-d

be by steri le hyd.roponic unlts, but this is not praetical-

if only because of the vast amounts of energJr r^ftlch woul.d

be needed to run art i f ieial recycl i :rg r"mits. However,

some d.egree of rthyd.roponicstt is neces$ary for maximum

yield. in a rrorr-self-sustaining sy stem) "

lfhat leve]. of treatment is economlc now and will be i:r

the future?

Is i t  possible to u"se the system for maximum yie1d, wi-th

or without f erti l iser treat rent, until ttre s oil is

exhausted. and. then to regenerate a self-sustainjng

syst em?

5" What would such a self-sustaining system consist of :  how

J.ong would regeneration take: would it be physically ard'

eeonomicalJ-y possible?

Measurements of total- metabolic activity give an

ind icat ion of the t jme it would take to r each a steady stat e

in the decomposer system with a given lnput" Unfortunately,

a deta jJ-ed prescr ipt ion o f the s pec ies of flora and. f ar,rna

r,rkrich are essential f or a cult ivated. system to b e kept j-n a

self-perpetuating state , a prescript ion which d"oes not also

d.ecrease s oi l .  fert i l i ty, is well  beyond the capabil i ty of

any soi l  biologis t  to d.ay.
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APPENDIX 1 .

Ir[lcroaz'ti:ropocls found. at

Acar'1na. Oribatid.ae

Anel lozetes spp.

Incabates sp

Amenioppia sp

Passa loze tes  sp

Cosmochthonius ( Bra.chip thonus )

Pedrocor t  es ia

?J.atynothrus

Zygoribatu-l-a

' oppia

Ga]-u:nnidae

Phthiracarid.ae

Ilesostigmata

Prost ignata

Bryt hrae id ae

Cunaxidae

Raphignathid ae

?s eud ochylid ae

Crypt ognat hid.ae

Tuckere].lidae

Others not identi f ied beyond.

Prostigmata

C rypt o s ti gmat a

Acarid.ae

Protura

Acerentulus sp

C ollembola

Irepid ocyrtus ( languinosus? )

( marginata? )

Gnangara.
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