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 THE ROLE OF MITES AND NEMATODES IN EARLY STAGES

 OF BURIED LITTER DECOMPOSITION IN A DESERT'

 PERSEU F. SANTOS,2 JANICE PHILLIPS, AND WALTER G. WHITFORD
 Department of Biology, Newt Mexico State University, Las Cruces, Newt Mexico 88001 USA

 Abstract. We studied changes in populations of mites, nematodes, bacteria, and fungi in buried
 creosote bush litter treated with selected inhibitors. Elimination of microarthropods (primarily tydeid
 mites) resulted in increased numbers of bacteriophagic nematodes and reduction in numbers of bac-
 teria; elimination of both nematodes and microarthropods resulted in increased numbers of bacteria
 compared to untreated controls. Fungal grazing mites, Pyemotidae, and fungivorous nematodes,
 Aphelenchus sp., increased in numbers between days 25 and 30, reducing the fungi on untreated
 leaves but not on stems and petioles, while mean length of fungal hyphae increased in insecticide-
 treated leaves. Elimination of mites resulted in a 40% reduction in decomposition suggesting that in
 a desert, tydeid mites affect decomposition of buried litter by regulating the population size of the
 bacterial grazers, cephalobid nematodes.

 Key words: bacteria; bacteriophagic nematodes; buried litter; decomposition; desert;fungi; pre-
 dation; tydeid mites.

 In our previous study (Santos and Whitford 1981),

 we found that tydeid mites were the initial arthropod
 colonizers of buried creosote bush litter and that or-
 ganic matter loss was significantly reduced in the ab-
 sence of these mites. We hypothesized that the tydeid
 mites were predators on free-living nematodes, and
 regulated decomposition by regulating the population
 size of microbial grazers (the nematodes).

 Based on microcosm studies several authors have
 suggested that bacterial grazers stimulate mineraliza-
 tion, bacterial activity, and the decomposition rates
 (Barsdate et al. 1974, Fenchel and Harrison 1976).
 Stout (1974) proposed that grazers speed decomposi-
 tion by releasing nutrients tied up in microbial bio-
 mass. However, since Chlordane does not affect mi-
 croorganisms (Bollen et al. 1954, Eno 1958, Martin et
 al. 1959, Pathak et al. 1961, Eno and Everett 1968) but
 eliminates tydeid mites with subsequent increase of
 bacterial grazers, we should expect insecticide-treated
 bags to have greater decomposition than control bags,
 and not the opposite as shown in our previous study
 (Santos and Whitford 1981). Anderson et al. (1978)
 reported that bacterial grazers (nematodes) reduced
 bacterial populations but increased mineralization of
 N and P in microcosms. However, in the absence of
 predators, high population numbers of grazers may be
 detrimental to decomposition (Hanlon and Anderson
 1979). In N-limited media, grazers may decrease both
 biomass and the rate of N uptake (Hunt et al. 1977).
 In Chihuahuan desert ecosystems nitrogen may limit
 productivity when water is available (Ettershank et al.
 1978).

 This study was designed to examine the relation-

 ' Manuscript received 21 April 1980; revised and accepted
 2 September 1980; final version received 5 September 1980.

 2 Present address: Departamento de Ecologia, Instituto de
 Biociencias, U.N.E.S.P. Campus de Rio Claro, Caixa postal
 17-8, 13.500 Rio Claro Sao Paulo, Brasil.

 ships between mites and bacteriophagous nematodes
 and changes in population numbers and/or biomass of
 the groups of organisms we hypothesized to be in-
 volved in the early stages of buried litter decomposi-
 tion in the Chihuahuan desert.

 MATERIALS AND METHODS

 Experiments were performed at the Jornada Exper-
 imental Range 40 km north-northeast of Las Cruces,
 New Mexico on the site described in Santos and Whit-
 ford (1981). Leaf litter and small stems were picked
 fresh and oven dried. Preweighed 30-g samples of litter
 were placed in 2-dM2 fiberglass mesh bags (mesh =
 1.5 mm). To prevent loss of material and escape of
 microarthropods due to transportation during the time
 of collection, the fiberglass bags containing litter were
 placed individually in plastic Ziploc? bags in an insu-
 lated container for transport.

 Macauley (1979) demonstrated the efficiency of us-
 ing selective inhibitors to examine the effects of in-
 sects and fungi in leaf litter decomposition. We mod-

 ified his method for our study. We used the following
 treatments: (1) Control (C), water containing Tween?,
 a wetting agent; (2) Insecticide treatment (I), 1% (by
 volume) of Chlordane? plus wetting agent in water to
 eliminate microarthropods; (3) Fungicide-insecticide
 treatment (F1), a combination of the Chlordane (1%
 by volume), benomyl, and captan (.1% and .2%, re-
 spectively, by mass) plus wetting agent in water; and
 (4) Nematicide-fungicide-insecticide treatment (NFI),
 a combination of the fungicide-insecticide in the con-
 centrations of the F1 treatment, Nemagon? (1% by
 volume), plus wetting agent in water. Litter bags were
 soaked for 2 h, then oven dried for 24 h.

 Bags were randomly buried in the soil at depths be-
 tween 10 and 20 cm on 16 June 1978. A set of 40 bags
 (10 bags per treatment) was randomly retrieved at each
 sampling date: 5, 10, 20, 25, and 30 d after burial. Five
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 FIG. 1. Percent organic matter (% O.M.) remaining in buried litter bags removed from the field at the intervals indicated.
 Each vertical line equals ? I SD.

 bags of each set were used in microarthropod extrac-

 tions (into modified Tuligren funnels) and to estimate

 organic matter loss, three bags were used to estimate

 nematodes and bacterial populations, and one bag for

 fungal biomass.

 Nematodes were extracted from litter bags by a

 combination of the Cobb sieving method and the Oos-

 tenbrinck cotton-wool filter (Nicholas 1975). Nema-

 todes were assigned to trophic groups based on esoph-

 ageal structures (Yeates 1973).

 Length of fungal hyphae per unit area of leaves and

 stems was estimated by a modification of the method

 used to estimate length of filamentous algae (Olson

 1950). Leaves and stems were plated on carrot agar

 for identification of fungal taxa (Gilman 1957) (three

 plates with one leaf, three plates with one stem, and

 one plate with hyphae for each treatment).

 Bacterial numbers were estimated by direct count

 using 10 leaves and 10 stems from each of the three

 bags per treatment. Smears of the leaf homogenates

 were treated before staining with 1 mL Traganos I

 solution for 1 min. After air drying, the smears were

 stained with 1 mL Traganos II (Acridine orange) so-

 lution for 20 min (pH = 3.8). The smears were count-

 ed with an ultraviolet microscope immediately after

 staining.

 Soil moisture was determined gravimetrically and

 weather data collected from the Jornada Validation

 Site Weather Station. Five soil samples (from on and

 around the bags) and five soil samples taken 30 cm

 away from the bags were used to estimate microar-

 thropod numbers.

 Decomposition data (in percentages) were normal-

 ized by arc sine transformation using the SAS 79 pro-

 cedure (Barr et al., 1979). Duncan's multiple range test

 was used to compare treatment means (Kirk 1968).

 RESULTS

 The loss of organic matter from the bags was con-

 sistently higher in the controls than in any of the other

 treatments for all sampling dates (F between 39.8 and

 142.9, P > .01). By the end of the 30-d experiment,

 control bags had lost 29.3 + 2.82% (x + SD) of the

 initial organic matter with 20.74 + 2.37% having dis-
 appeared by the 10th d after burial (Fig. 1). There were

 no differences in organic matter loss in the 1st 10 d
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 TABLE 1. Changes in length of fungal hyphae (x ? SD beneath) per unit area of creosote bush leaf and stem for the experi-
 mental period from control (C), insecticide (I), fungicide-insecticide (FI), and nematicide-fungicide-insecticide (NFI) treated
 bags (N = 30 fields each for stems and leaves). Units are millimetres per square millimetre.

 5d ld 20d 25d 30 d

 Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf Stem

 C 2.24 0 2.76 3.27 3.82 4.40 3.59 6.83 2.83 6.24
 ? 0.92 ? 1.34 ? 1.62 ? 1.73 ? 2.29 ? 2.26 ? 2.93 ? 1.60 ? 2.46

 2.47 0 2.20 2.71 3.84 4.51 5.88 6.42 6.36 6.85
 ? 0.99 ? 1.10 ? 1.03 ? 1.79 ? 2.59 ? 2.30 ? 2.62 ? 2.16 ? 2.34

 Fl 0 0 0 0 0.60 0.74 0.80 0.23 0.76 0.50
 ? 0.79 ? 0.76 ? 0.82 ? 0.37 ? 0.95 ? 0.48

 NFI 0 0 0 0 0.59 0.34 0.59 0.33 0.65 0.78
 ? 0.75 ? 0.41 ? 0.70 ? 0.52 ? 0.62 ? 0.69

 between nematicide-fungicide-insecticide (NFI) and

 insecticide (I) or fungicide-insecticide treated (FI) bags

 (P > .05). Organic matter loss in these treatments was

 <5% in the 1st 10 d after burial. There were no sig-
 nificant differences in organic matter loss between

 I and NFI at day 20, or between NFI and FT by day

 30 (Fig. 1).

 Changes in mite, nematode, and bacterial popula-

 tions for C and I treatments are shown in Fig. 2. All

 changes in numbers between dates were significant

 (P < .05, t test). There was no significant difference

 between control and insecticide-treated bags in length

 of fungal hyphae per unit area of leaf up to day 20 and

 per unit area of stem up to day 30 (Table 1). After day
 20, leaves of the I bags had significantly more fungal

 hyphae than NT bags. The failure of the fungi to in-

 crease in leaves of the C bags corresponds to the pe-

 riod of colonization of pyemotid mites and the increase

 in fungivorous nematodes (Aphelenchus spp.) (Fig. 2).

 The carrot agar plates showed that Rhizopus spp.,

 Penicillium spp., Aspergillus spp., and Mycellium

 sterillia were the most abundant fungi cultured from

 leaves and stems or mycelia of insecticide-treated or

 untreated controls. No fungi were collected from FI

 and NFI leaves or stems for the 1st 10 d. Fusarium

 roseum was found on plates of leaves and stems from
 these treatments after 20 d.

 Changes in population sizes of mites, nematodes,

 and bacteria for the different treatments are summa-

 rized in Fig. 2.

 In the absence of tydeid mites there were signifi-

 cantly higher numbers of cephalobid nematodes and
 reduced numbers of bacteria in the insecticide-treated

 litter when compared to controls during 0-20 d (Fig.

 2). At the beginning of the experiment, density of bac-

 teria was -103 individuals/g litter.

 Although we extracted no tydeid mites at day 5 from

 the C bags, we found large numbers of tydeids in the

 soil around the bags, i.e., 71.4 + 22.9 mites/200 cm3

 soil around the bags vs. 4.6 + 4.3 mites/ 200 cm3 soil

 in soil not near bags. Between days 10 and 30 there

 was a gradual increase in predatory mesostigmatid

 mites in the soil around the bags (25.2 ? 12 mites/200
 cm3 soil vs. 5.0 ? 3.1 mites/200 cm' soil not near bags).
 No mites were extracted from the soil around I, FI,
 or NFI bags.

 In the untreated litter, tydeids peaked at day 20 then
 declined rapidly by day 25. With the drop in tydeid
 populations during days 25-30 there was a large in-
 crease in bacteriophagous nematodes (Fig. 2). In the
 insecticide treatment bacteriophagic nematodes peaked
 by day 10 and had decreased to relatively low numbers
 by day 30 (Fig. 2).

 Suppression of nematodes, fungi, and microarthro-
 pods in the NFI bags resulted in increases in bacteria
 density several orders of magnitude higher than con-
 trols in insecticide treatments (107 cells/g on day 5 to
 109 cells/g on day 30). Density of bacteria in the fun-
 gicide-insecticide treatment stabilized at 107 cells/g.
 Nematodes in the FI bags increased to 200 individuals/
 bag by day 10 and increased to 300 individuals/bag by
 day 30.

 DISCUSSION

 A large number of studies have addressed the prob-
 lem of the role of microarthropods in decomposition
 of plant litter (Edwards and Heath 1963, Macfadyen
 1963, Witkamp and Crossley 1966, Crossley 1970, Ed-
 wards et al. 1970, Wallwork 1970). These investigators

 list the following as contributions of microarthropods
 to decomposition: (1) litter fragmentation (comminu-

 tion) which increases surface area for microbial activ-
 ity; (2) grazing microfloral population to levels of ex-
 ponential growth, and (3) inoculation of litter with

 microflora. In this study we demonstrated a heretofore
 undescribed role for microarthropods in decomposi-
 tion, that of preying on grazers of primary decompos-
 ers.

 The dominant mites associated with early stages of
 decomposition of buried litter in North American hot

 deserts belong to the family Tydeidae. Elimination of

 tydeids by the insecticide Chlordane resulted in an in-
 crease in free-living nematodes. Approximately 80%
 of the nematodes associated with early stages of de-
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 FIG. 2. Mean numbers of bacteria and nematodes per gram of litter and mean number of microarthropods per litter bag
 from untreated and insecticide-treated buried litter removed at the intervals indicated.

 composition of buried creosote bush litter in a Chi-

 huahuan desert were bacteriophagic nematodes (Ce-

 phalobidae). This increase of bacterial grazers

 markedly reduced the bacterial population resulting in

 40% less decomposition compared with bags where

 only tydeid mites were present. This relationship sug-

 gests that predation of nematodes by mites reduces

 the nematode population and effectively prevents

 nematodes from overgrazing the bacteria. Some graz-

 ing on bacteria apparently stimulates decomposition

 because in the absence of nematodes bacterial cells

 increased 1000 times but organic matter loss was very

 small.

 It is generally accepted that the microflora associ-

 ated with decomposition of plant material provide a

 large energy source for the major components of the

 nematode community (Stolzy and Van Gundy 1968).

 Microbial feeders are the most abundant trophic group

 of nematodes in the Chihuahuan and Sonoran desert

 soils, representing 50-55% of the nematode commu-

 nity (Mankau 1975, Freckman 1978). Only 8% of the

 nematode populations in a desert soil are fungivorous

 (Freckman et al. 1975). Nematodes, because of their

 small size, high density in soils, short generation time,

 and anhydrobiotic capabilities are one of the first
 groups of invertebrates to begin grazing on bacteria in

 desert soils (Popovici 1972, Freckman 1978).

 Tydeid mites not only affected changes in nematode

 numbers inside bags but also affected the nematode

 colonization rate. Before litter entered the soil, bac-

 terial numbers were 103 individuals/g litter and in-
 creased to 106 individuals/g litter by the 5th d, which

 apparently attracted bacteriophagic nematodes from
 the soil to the buried litter. The high density of tydeid

 mites in the soil around the bags appears to have re-

 duced the movement of nematodes from the soil to the

 litter because the I bags at day 5 had 20 nematodes/g
 in comparison to 3 nematodes/g in the C bags.

 Fungal biomass was virtually the same in C and I

 bags for the 1st 20 d. Elimination of tydeid mites and

 fungi had the same effect of reducing decomposition
 as did eliminating tydeid mites alone.

 Disrupting the mite-nematode interrelationship re-

 sulted in a decrease in organic matter loss. This indi-
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 cates that the early stages of decomposition of buried

 creosote bush litter occur primarily via the bacteria-

 nematode-mite food chain, and therefore are con-
 trolled by predators.

 Fungal grazers were present in significant numbers

 only after day 20. After colonization by pyemotid

 mites there was a reduction in the fungal biomass, as

 measured by hyphal length, on leaves. The absence of

 pyemotid mites in I bags resulted in high fungal bio-
 mass on leaves for the period 20-30 d. This may have

 been the cause of the higher rate of organic matter loss

 present by day 20 observed in I bags when compared

 with C bags. In the same period (20-30 d) fungal bio-

 mass was not different on stems from C or I bags. The

 presence of fungi only on leaves by day 5 and the

 reduction of biomass on leaves by grazers after day 20

 indicates that most of the organic matter loss in the
 1st 30 d was due to leaf not stem decomposition.

 Fungal grazers are hypothesized to increase decom-

 position rates by browsing on senescent hyphae and

 thus increasing fungal activity (Macfadyen 1963, Wall-

 work 1967). However, by the same time fungal grazer
 populations increased in the litter bags the most rapid

 decomposition had already occurred. In this experi-
 ment the rate of organic matter loss did not change

 between day 25 and day 30, suggesting that fungal
 grazers and decomposition due to fungi were just com-

 pensating for decreases in bacterial numbers and bac-
 terial decomposition.

 An increase in the nematodes and pyemotid mites
 by the end of the experiment coincides with an in-
 crease in predatory Mesostigmata in soil surrounding
 C bags. This suggests that Mesostigmata are probably
 preying on pyemotid mites and nematodes in late

 stages of decomposition. Mesostigmata are the next
 group to colonize the bags (Santos and Whitford 1981).

 Thus, decomposition may be a predator-controlled

 process in the latter stages of buried litter decompo-
 sitions as well.

 We have no data on the protozoa populations in the
 litter bags. However, the bacterial population on sol-

 uble and easily decomposable derivatives of leaf litter

 may coexist with predaceous protozoa (Habte and
 Alexander 1979). Bacteria and protozoa may be
 preyed upon by nematodes which may in turn fall prey

 to microarthropods. Actinomycetes and bacteria de-
 compose exoskeletons and tissues of mites or senes-

 cent hyphae (Novogroudsky 1948), and bacteria cause
 final decomposition of most biota and their decompo-
 sition products.

 In order to understand the role of a particular or-
 ganism in litter decomposition and subsequent mate-
 rial cycling, it is necessary to have information on the

 trophic structure of the community of which that or-
 ganism is a part. Such an interdisciplinary approach
 has provided valuable information on the effect of
 grazers in bacterial populations and their implications
 on decomposition and nutrient cycling (Coleman et al.

 1978). Bacteria appear to tie up nutrients (especially

 N and P) in the absence of grazers (Barsdate et al.

 1974, Anderson et al. 1978). In our study, bacterio-

 phagic nematodes only enhanced decomposition if

 their numbers were controlled by a predatory mite.

 Without the predators, grazers appear to be detrimen-

 tal to decomposition. Hanlon and Anderson (1979)

 demonstrated that a low density of fuingal grazers

 (Collembola) had a stimulating effect on microbial res-
 piration but high densities of the fungal grazer inhib-

 ited respiration in the microorganisms they studied.

 In our experiment the absence of fungi (FI and NFI

 bags) and a high population of bacteria, with or with-

 out nematode grazers, did not result in significant

 changes in decomposition rates. However, the bacte-

 ria in F1 and NFI bags may have degraded the pesti-

 cides making it difficult to assess the effect of the nem-

 atode grazers on the organic matter loss for those

 treatments.
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