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1. Introduction

Desert soil fauna, eg. microarthropods and nemntodes, arc patchily distributed with tho 
divcl'\lity and density varying as a !unction or leaf litter distribution and soil organic matter 
(S.INTOS el al. 1978; FRECKIIAN & MANK.\U 1977). The accumulution or plant debris in 
patelws or varying size •1>JJCal'\l to be a factor in the breakdown of surface litter in desert 
ecosystems. W111TFORD elal. (1982) and W1mPORD ti al. (1980) round relationships between 
quantities or surface litter aceumulations and rate of litter breakdown. Wn1TFOt,tD et al.

(1982) also round that SUJ>pression ol soil microartbropod, by chemical means reduced the 
rate or litter disap1>earance and coneluded tlrnt soil microfauml were import.int in litter 
break down. Microarthropods are netive in surface litter accumulations for 2-4 hour� in 
the early morning even during 1>eriods when the soil has no measureable moisture (1V'mT
FORO et al. J.981), but when the soil and litter ore wet, more indhridnals and more taxa can 
be extracted trom both soil nud litter. Jn our earlier work (WaITFORO et at. 1981) we found 
that simulated rainfall atrected the proportions ol the nematode J)opulation that were an
bydrobiotic but found no changes in numbers following wat�r addition such as that exhibited 
by soil rnirroarthropods. However tlrnt study was based on a single si1uulnted rainfall event 
(W111TYOH1) et al. 1981) which resulted iu large numerical responses of microartbropods iu 
1mrfac·e litter and in soil under litter accumulations. 

Nov-MEIR (1074) cmphasir.cd that water is the factor of overriding importanc·e in desert 
eco,yste111s and stated that rainlall pulses must be i111portant stimulators ol soil biotic ac
tivity. The studies or distributions or soil laun11 (SAxTOS ct 111. 1978; FnAxc" cl al. 1979)
and Jitter disappearance - soil launn relationships (SAN1'0S & W111wo1m 198L; WHIT· 
FORD et al. 1982; W111noao el al. 1983) suggest that lor soil organisms, an adequate energy 
ancl nutrient impply in the form of l)lant litter is more important than waler as a lactor 
arr('{'ting numeric·al responses of soil fauna. The e::q1eriment.s reported here were designed 
to t('st the hypothesis that numerical responses. of soil fauna to simulated rainfall would 
otrnr only in soils having an adequate leaf litter CO\'er. 

2 . .llfetbod 

These , studies were C'onducted at thP bnso of an aUn,iaJ plain approximately 5 km ESE of Las 
CrurM11 NM. The soils �re deep sandy loams with a. ,•e.getaitive eovtr or creosote bu!5h, L(trrea tri

der1lala. with scattered mes<111itc, Prosopi.l glandulosa, along dr11.inagcs. 
We seleded 3G I,. trickufol.f, ihrubs or a.pproxim:�tely the snmP s.ize: 70-100 cm height and 100 rm 

eanopy diameWr. AU leaf licWr was tlearcd. The shrubs were as.11igned at random to 01'18 of the fol
lowing litter re1JJacement regimes: Og, 30 g or 150 g of Jitter m-1

• The replacement litter was col-

1) Dept. of Biology, Bar.llt1.n University, Rnma�Ga.n 62100, Israel.
t) Dept. of Nernnto)ogy, Unh•ersity or California, Ri\'eri.ide, Riverside CA 9'2521.
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lected from under creosotcbushes in the area. The litter treatments wore further divided cciuaJh· 
to receive 12 mm supplemental water every third day for a. period of 30 days during August 19d<, 
(wet) or a. control of the natural rainfoll (dry). Si mu.lated rainfall wa.s J>rovided by a. sprinkler head 
situated above the shrub rano1>y. 'fhis J)rO\'ided a complete fiwtorilll design for examining responsf'-1 
of desert soil biota to soil moisture Mui litter quantity. 

Three soil cores (4.5 cm diameter and 8 em deep) WClre taken from each plot (l m""' :1re:i. at tht 

base or individual c·reosote bushes) at six day inWrvalis betwet"n 0600 and 0800 hrs., prior to u1ater 
amendment. One stt of cOr(":S from each treatmf'nt. was plnc:ed in plastic bags and shipped to Uni, 
vcrsity or Cnlifotnia, Rh,erside for nematode ('.ttrn('tion. Nematodes were extnicted from soil br 
modified sugor flot�1tion (FKECKMAN el nl. 1970). Xemutodes were identified, count('d and J)lal'ed 
in one of Uu., following trophic grou1>s: (1) f1rng11l reeders, (,1phtlt,ichu1 at"tm1e BAsTux, .lpkf,.,.. 
,hoide, ap., /)ity1e11c/11,. sp.), (2) llicrobinl fe<!ders (mainly Cephalobidae, some RllabditidaeJ, (J) 
Ornnivorl' - pred.1t.ors - (Dorylaimina.), (4) Plant parasites (Tyltut!l10,ltynchu$ spp., Mtrlirmu
SJ)I).). Those nematodes whfoh were 1lnmaged or unidentifiablf!' comprised a fifth group, or wert 
not included in total counts. Statistical snnlyses, ANOVA and Oune11n'1 Multiple Rang11, were 
J>er(orme<l on the log (N + 1, N - number of nematodes).

The setond series of cores Wll!i 1:,laccd in modified Tullgrco fu,rne)g (SAN'rOs el al. 1978); mirro-
1rthropods extracted for 72 hrs. into w1,tt'r, and counted imrn('diaWly nfter. 'fbe third srt of <'Orts
was processed for enumeration of fungal, bntterial and t>rotozonn activity and biomass (PAHK.El 
et al. 1983) . Numbers or orgtmisms were exJ>resscd as number 1>tr m2 at 0-8 cm depth.

3, Reeulls 

On days 9, 12 and L9 there wcro natural rains of 20, 30 and 5 mm respecti,·ely. Tbi
field capacity (-0.33 bar fla 33 hl'a) or the soil was 9° 

0 water. Samples eolleeted on day 12 
were collected in the rain. Total acrunrnlated raiur.tll (day 9 plus clay 12) at the time of 
sampling was 45 mm and produced high soil moisture values (Table 1) that eliminated dif
ferences between wet and dry treatments during the middle of the study. 

)lieroart1rropods )'opulations of miC'roarthropods inrrcased duJ'ing the ex1>eriment in 
all trcatment.s in response to RrtifiC'ial wa.ter su1>µlcmcntation and to natural rainfall e\·ents 

(Vig. 1-3). 'fycleids, pyemotid,, nanorchesticls (Prostigmnta) and C'osmocldhonius sp. and 
Passalozetes sp. (Cry11tostigmata, Oribatei) were present nt every date and were treated 
separately. There was co11�idernblc varilltion in population numbers and on most sampJin!!; 
datrs the minimum 11opulotion was zero for every microarthropod taxon en<'uuutered in 
at least. one sam1>le from cac·h treatment. There were no signiriC'ant differenees in JH,J)U· 
Jation i;i1.os o( mite taxi� in koils ,Yith diUerent quantities of litter within the litter treat· 
ments (all F's< 1.0. 11 > 0.0ii). Also . there were ,w significant water effects within the 
water tre atments with the exception or ]>Opula.tion size of the nyptostigmatid g<'nll� Cos·

nwcld/aonius (F = 3.71, p < .05). However, there were significant water-Utter int('rartions: 
the population densities or some tnxa were higher in tlH' wet1 100 g m-1 JittC'r trriltme11L 
(F's between 3.i'>3 and i'>.86, p < .05) cg. tycleids, pyemotids, nanorthestid8, and Co.<mo,l-

1/wni,c, (Fig. 4). 
There w('rc also sign.ifiC'ant water and water.litter interactions on th(' numerieal rt· 

sponses of <lollembolans (Fis 4.2 nnd 6.4, 1> - 0.001; Fig. i'>). Iligbestnumbersof mi('roarthr11•
pods rerlCl·tcd tho responses seen in indi"idunl taxa, eg. that there were significant difff'r· 
ences only in the 150 gm-• wet(Fig. 3). Peak numbers of 111ieronrthro1iods reaehed 13,000 

Table I. The effect of sirnul.1.t�cl rain on s.oil moisture content 

R&in Days 
0 g 6 12 18 21 24 2i 30 

Wet 
before 0.5• 2.lb 2.8• 8.G* 3.4• 3.91• 3.t• 4.7b 4. ta
after 8.2b 12.2' 7.8• 8.6• 10.3• lZ.2'l 
Dry 0.5" O.&' O.&' 8./i" 1$_7A a.3• Z.8" 3.6" 4.Z" 

Note: V:�lues in a column followed by the MllH' Jotter are not significnnt)y di1Ierent at the P ,. 0.00 
lov.l. 
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from the total. Wet indicatl's plots rct<'iving supplemental artificial rn.il\fall "t a dtty ioterv:lls 1u1d dry indica.tes plots receiving only natural rainfalJ . 

.t'ig. Z. Changf's in nur11bors of J)rostigmntid, cryJ>tostigruntid, mcsostigm:1.tid and astigmatid mites in soil$ on J>lots with 30g 111-1 surface litter m<'thod 
of J>rcsPntation is the saino FiguriP 1. 
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to 15,000 ind. m-' in all of the treatments exce1it for the lf>O g rn-2 wet where average uum.
bers reached 30,000 ind. m-2• There was a rclati\'ely constant ratio of prostigmntid to
nyptostigmatid mites in all treatments. ?ifosostigmaticl and astigmatid mites made UJl i 
minor part of the total microortbropod fauna (Fig. 1-3). In addition to tho taxa of pro
stigmatids previously discussed, mites of the families Cryptoguatbidae, Raphignnthiclae, 
Tarsonemidae, Stigmaeidae, TcneriUUdne, Paratydeiclae, Bdellidne 1 Cunnx.idae, Tron1bidii
dae, Erythraeidae 1 .Anystidae, Linotetranidae, Paehygoathidae, NemataJyeidae, Sruta
caridae, made up a small and variable part of tho wostigmutid Jlopulation. Mites nl th, 
genera Ap/1$/acarns, PMsalo,etes, Josh11ella, BrMhyrhtho11ius, llapforhthonim. and Ga
lumna made u1, the eryptostigmaticl population (Fig. 1-3). Small numbers of diJiluran,, 
family Japygidae, and 1isocopternns or the family Liposcelidne wprc extracted from ,.mples 
during the study, albeit at low numbers and with no trend afi to treatment or sam1>lit1t 
date. 

Nemawdes: Total numbers or nematodes were greater in the 150 g m-• litter supple
ment than in the O and 30 g treatments (P < 0.01). There were no moisture effects on the 
total population of nematodes eom1mring aC'ros:s treatments at a single sampth1g date. Th('re 
were differences in density with time that were not correlated with nnturJI rainialJ. Avf'rage 
population size was greatest at day 24, nnd is a result or au incrcasr in nematodes in the 
dry 150 g m� treatment. The relative abundance of trophic groups in deereasing ordet 

was bacterial feeders, omnivore-predators, fungh·ores, and plant feeders (Fig. 6). 
Analysis or effects ol time, artificial rainfall and litter quantity on individual trophic 

groups was quite variable. Plant parasite numbers did not change in res1>onse to any of tl1tsr 
parameters. Population density ol the lungivores was greater in the 150 g m-2 litter suppJ,
mcnt than the Og m-2 sup1ilement, but the 30 g m-• litter supplement was not dilfere11t 
from ejther of the other 2 treatments. Fungivore density was not a£fettcd by moisture, 
but did , .. ary witll time, with the greatest density at day 24. 

The largest changes O('turred in bacteri:11 feeders and omnjvore-pr<'dators. BaC't('rial 
focdcr-s exhibited dif£erenc·cs with litter SUJ>J>lt•mcnt, litter-water internctions and timr. 
Numbers W('TO greatest in the lo() g rn-1 litter supplt'mcnt with no di£rerrn<·c in numbers 
between tho O and 30 g n,-! supplements. Numbers of b:wteriophnge, in th,• 0 g and lf,Og m-' 
dry litt.r supplements were higher than in the O g and 150 g wet litter supplements, 
wherea..<.; in the 30 g m-2 litter supplements, density was highest h1 the water amended treat
ment (P - 0.05). Numbers or b:u·teriophages were greatest in the dry !oO g 111-' Jitter 
supplement and increased through time (Fig. 6). 

Omnivore-predators were not aUe<·ted by moisture, but were more numerous in 150 gm� 
litter amendments. There was a time effc�t. with JlOpulations declining at 12 days and 
then increasing by 24 days (P = 0.01; Vig. G). 

4. Discussion

'!"he soil mieroarthropods responded to nrtifitial rainfaH as byJ>othe!lized, that i�.tb(' 
Hlost ubundant taxa rcs1,ondcd to litter quantity and moisture but not to moisture in the
absence of sufficient substrnte. This is consistent with the data of FRAJ<CO ti al. (1979) 
who observed numerfral responses to rainfall in samples ta.ken under shrub ea.nopies witll 
varying quantities ol leaf litter. The natural rainfall events that occurred during the middle 

.., of this study confound the dntn somewhat bc<'anse the soil moistures of both the treated 
and control plots rcrnainod high nnd nearly equal for a 12 day period. Because shrub, werr 
assigned to the treatments at random, we were not able to eontrol for organic- matter prior 
to initiation or the experiment. This undoubtedly ac·couots for the ditfcrenc('s in po1wlation 
sizes at time 0. 1Iowe,•er, initial diHerences disaJ)penrcd during the cxp('riment and W(' do 
not feel they confounded the results of the study. 

The immcctiate numerionl response to artificial rainfall by the collembolnus suggeit that 
those arthropods ore present iu the dry soil in some kind of cry}ltobiotic state that is <1uirkly 
reversed when tho soils are wetted. Po1NSOT-B,u•oi:ER (1976) reported such a proms 111 
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two S])eeies ol Collembola lrom a semi-arid area. G1n:sNSLADE (1981) also reported Lltat 
this bchavfor is common in Australian and Arriean arid 1.011e Colleiubol:i. The res1>onses of 
the collcrnbola in differing from that of the acari �uggr�ts that either cryptobiosis is absent 
io the :.u.·ari or if present1 requires a longer time JJeriod ror reversal. 

The moisture.litter quantity relationships 1>oint out the dirfitulty uf as.sos:-ing soil pro
l"l'!�es in deserts. ThC' biota are dependent upon organic mattrr that is patchy in distribu
tion. In the absence or sufficient organic material, water elicits 110 res1>onse by most. t.axa
of soil 1nicroarthropodK. At ;:i litter concentrntion of 30 g rn-t there arc no accumulations 
in which the mieroarthropods can teed and scattered litter is apparently or little use to 
Ibo mkroarthropod fauna. 

Av('rngc pO})Ulation densities of mic·roarthropo<ls. rrcordcd in this study following simu
lated and natural rainfall are equal to max.imum densities reported by FRA1'o'CO et al.

(1979) in th• Uojavc desert during the wet season. llowever in the raiofall supplemented 
150 g m  2 litter tr('ntments, peak mitroa.rthropod po1mlntio11s were double the maximum 
reported by FRANCO et al. (1979) and approach the po1lUlation density reported !or lowland 
grassland by WALLWOltK (1970). It is likely, therefore that soils under heavier litter accu
mulations would ha.ve population� more numerous than found in this study. 

The ah�cnl'e or numerical responses to water in nematodes is SlU'J>risiug. We expected 
soil nematodes to respond like the micronrthropods based on distributioual patterns de
scribed by J.'nec�""" & MANK,,c (1977). The higher numbers of bactcriophages in the dry 
lhO g m-• litter treatments <·onld have resulted rrom the leaching of soluble organics deeper 
than 8 C'm resulting in a reduction in a reaclily aY:iilahlc <'arbon source and thus a decrease 
in haeteria through Jiredution & death in the wet treatments on days 18 and 24 (PAllK>:R 
d al. 1983). Proto1.oa, (PARK£R et al. 19S.3) another J>o>sible food source !or the bacterio
pliages, toultl have influenced the increased nematode response to 150 g m-: dry litter. 
Actual numbers of proto1.M in the 150 g m-• dry and wet Litter supplements were not dil
rerent. However. all the protozon in 150 g m-1 wet treatments were cystic, and it is not 
known i( they arc an adequate food source for nematodes in this state. In the lf>O g m-1

dry litter protozoans were active, ancl peaked at day 18 and then declined sbar])ly. This 
could be related to the steadily incre.nsing numbers of bacteriophagous nematodes on day 18, 
24 and 30. Either or the two h)1lOthoses concerning the nigher numbers or baeterio])hagos 
in tho 150 g m-2 dry litter is possible, ie. a decline in the bacteria.I rood source becnuso of 
organic· lcathing, and a. higher level of trophic protozoa. Nematodes fc.ed on both protozoa 
and l>acteria. This presents two areas for further investigation or this grout) in desert soils: 
(l) the examination of both bacteria and proto1.oa as alternate lood sources tor baetcrio
phagous uemntodes in d,•sert soils and, (2) examination ol both eystic and active protozoa
•• possible rood sourccs.

It is interesting that numbers of bactcriophages were greater in the wet 30 g m-2 litter
supplements than in the dry counterpart. Hacteriill popuJations in the wet treatments were 
high at day 6 and much lower in the dry treatments (PAnKtm et aJ. 1083), and could have 
pro,·ided an initial lood base for the bacterio1,hages on day 6. Tho natural rainfall on days 
12 and 13 would ha,•e brought the nematodes in the dry treatmenL, out or anbydrobiosis 
and in the absence or additional rnfrl J>ulses. these nematodes could ba\l'e reentered anhydro
hiosis before a population inrrcase could have be.en assessed. Nematodes can enter anhydro
biosis in a relatively short time period if soil moisture and monontoleeula.r layers or water 
around the soil ])articles decrease rapidly (Ds>rEURE el al. 1979). Results ol these studies 
present !tome inter€'sting questions. For examJ>le, docs de.composition really accelerate with 
rainfall 1mlses

1 
or is it more a combination or a Jarge accumulation or Jitter and alternate 

drying and wetting over a long time p('riod? The Iaunal.microfloral interactions are even 
nrnre intriguing. The large population or yeasts, rather than fil:imcntous fungi, could be n, 
lood sou rte lor the battcrial !coding nematodes, and thus could explain the lower percent.ago 
of fungi\1orous nematodc!t in desert soils. The fungivorous nematodes are ch:iractcrized by 
having short, needle-like stylets, which are used for piercing hyphae. The yeasts coulcler 
be more easily consurned by the bactcriophages that have a morphology that is better 
ada1>ted for ingesting thcso globose micro flora. 
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This study re-emphasizes the importance ol tho energy source as tho principal regulator 
of population size in desert soil fauna. In the absence ol an adequate or abundant source 
of carbon, populations of desert soil fauna are unable to increase and this accounts for 
the patchy distribution of soil fauna. Ilowevcr, we need data on seasonal rcproduetive 
responses to rainfall by the various soil t.axa in order to rcsoJvc the moisture, numeric-.aJ 
response relationships but as yet these data are not available. 
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We used a. complete factorial designed exptriment to exami,ie the population respons"s of soil
nematodes fl nd soil micro:uthropods in de-S4..'rt soils having no litter, litter :,.t 30 g m-! and :tt 100 g- .m ·•
and fllt('iving either hatural rarnfall or 12 mm supplemental w,1.t('r at 3 day inten·als. Populations 
of St>veral mi('roa.rth.ropod taxa (t}'deids, pyemotids, nanorchestidi, 1u1d Cosrr-ochtho11ius sp.) achi�,·.rJ 
higbi'r densitie-s in the 160g m-1 littc,r with supplemental watC!r. Nem:�tode populatioll den$;1bC'� 
\\'l're bigh(-st in the 160 g 111-t with no differences attributable to supplemental Y.'nter. This !il1!dY 
d(>mo11st.rates that water is of Jess imi,ortante than adequate organic m:,tter for th� populatJon 
growth o( dt�ert soil nematodes and mit'ro:uthro1>ocls. 
Key words: numcriMI responses, Prostigmu.ta, Cryptostigmata.1 anbydrobi�is, sjmulated ru,nfall, 

Chihu11h11an Desert. 
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