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 ABSTRACT.-Mass losses from litter bags of surface creosote bush litter placed along a
 Chihuahuan Desert watershed were measured to answer the following questions: (1) Do
 edaphic factors affect organic matter losses? (2) Are there differences in mass losses between
 the litter of the site-dominant plant species and creosote bush leaf litter? We hypothesized
 that (1) mass losses of all litter types would be higher at the base of the watershed and
 lower on the upper portions of the watershed and (2) mass losses of the litter of the site-
 dominant plants would be higher than those of creosote bush leaf litter in the same site.

 Mass losses from creosote bush leaf litter did not follow the moisture-organic matter

 gradient present in the watershed. Mass losses were higher at mid-slope run-on areas than

 in upper-slope erosional sites and the dry lake basin. Mass losses were highest where
 subterranean termite activity was the highest. There were differences between losses from
 the litter of the site-dominant and creosote bush leaf litter in some instances, but these
 differences were not attributable to differences in lignin content nor C:N ratio. Mass losses
 of litter of site-dominant species were not always higher than that of creosote bush leaf litter
 in the same site. Mass losses were best described by the double exponential model.

 INTRODUCTION

 Considerable variation in decomposition rates of litter has been reported for different
 types of ecosystems (Swift et al., (1979). Values of the decay constant (K) range from 0.03
 year-1 (tundra) to 6.0 year-1 (tropical forests). Site variations in climate, topography,
 physicochemical soil properties and vegetational cover can produce different patterns of
 decomposition rates, mineralization and soil organic matter accumulations (Seastedt et al.,
 1983; Day, 1982; Schinner, 1982; Santos et al., 1978). While climate places upper and
 lower limits to potential decay, the fine control at the local level is determined by litter
 quality and factors of the edaphic complex (Swift et al., 1979).

 The chemical composition of litter affects decomposition rates and patterns. McClaugherty
 et al. (1985) found that litter rich in soluble material lost mass rapidly during early stages
 of decomposition. Initial losses due to leaching are frequently observed in decomposition
 studies (Seastedt and Crossley, 1980). Because of this two-step nature, mass losses over time
 may be well-described by a double exponential decay model (Wieder and Lang, 1982).

 Most of the current information on decomposition in terrestrial ecosystems comes from
 studies conducted in mesic environments. Recent studies have shown that some explanatory

 hypotheses, which apply to moister environments, are not applicable to decomposition
 processes in hot deserts (MacKay et al., 1987; Whitford, 1986; Whitford et al., 1986; Elkins
 et al., 1982; Whitford et al., 1982).

 Studies performed on the northern Chihuahuan Desert have reported higher litter decay
 rates than those predicted from current models (e.g., Meentemeyer's model, Meentemeyer,
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 1978). Discrepancies are attributed to continual mechanical and physical weathering (e.g.,

 high solar radiation, sheet run-off, wind scouring) (Schaefer et al., 1985) and to a rapid

 and efficient litter breakdown by the soil community (Elkins et al., 1982; Santos and Whitford,

 1981).

 Most studies of litter decomposition in arid systems have assessed the effect of climatic

 factors on mass disappearance (Whitford et al., 1986; Schaefer et al., 1985; Santos et al.,

 1984). Studies that have considered litter chemistry and/or soil chemistry failed to provide

 conclusive evidence that these variables affect litter decomposition (Schaefer et al., 1985;

 MacKay et al., 1987). Dwyer and Merriam (1981) reported that litter decomposition in a

 hardwood forest varied as a function of topography. Since the topography of desert ecosystems

 varies greatly, we hypothesized that litter decomposition would reflect that variability.

 In the southwestern U.S. a desert watershed varies greatly with respect to soil water

 availability and retention (a function of run-off, run-on patterns), soil organic matter dis-

 tribution, dominant vegetation and soil structure (Wierenga et al., 1987). Litter decompo-

 sition should vary as a function of several of these factors, especially soil water storage, soil

 structure and soil organic matter. We designed a study of litter decomposition on a desert

 watershed in southern New Mexico in order to examine topographic position-decomposition

 rate relationships of Larrea tridentata litter. Larrea tridentata occurs as a dominant in a

 virtual monoculture on part of the watershed, and as scattered shrubs on the remainder of

 the watershed except for the lake bottom. Quantities of L. tridentata litter are washed into

 the lake during large run-off events. Thus, L. tridentata litter occurs over the entire watershed.

 In order to evaluate the relative importance of topographic position and litter quality,

 we compared the decomposition of Larrea tridentata litter with that of the site-dominant

 plant species. The aim of this study was to compare the effect of microsite characteristics

 on decomposition patterns of surface creosote bush leaf litter, and to compare patterns of

 mass losses of leaf litter of the site-dominant and creosote bush leaf litter across a Chihuahuan

 Desert watershed.

 STUDY AREA

 The work was conducted on the Jornada Long-Term Ecological Research Site (30030'N,
 106045'W), 40 km NNE of Las Cruces, New Mexico. The long-term average rainfall is

 225 mm yr-1. Summers are hot with maximum air temperature between 35-40 C from

 mid-May to mid-September. Rainfall is predominantly summer rainfall from convectional

 storms. Freezing temperatures frequently occur at night between October and March

 (Houghton, 1972).

 At the study site, two 3-km transects (nitrogen-fertilized and control) extend on a NE-

 facing slope of the Dona Ana Mountain range, elevation 1501 m, downward into a dry

 lake (playa), elevation 1318 m, crossing seven perennial vegetation zones (sites). From the

 lower end of the transects to the upper end, these zones are identified as (1) playa-dry

 lake; (2) playa fringe; (3) basin slope; (4) bajada; (5) lower piedmont; (6) upper piedmont,

 and (7) sotol rockland (Fig. 1). Details of soil and vegetational characteristics across the

 transects are in Wierenga et al., 1987; Nash, 1985; and Stein and Ludwig, 1979.

 MATERIALS AND METHODS

 We studied surface leaf-litter decomposition of the following species, which are common
 in one or more of the zones of the watershed: vine mesquite grass (Panicum obtusum H.B.K.),

 mesquite (Prosopisglandulosa Torr.), desert marigold (Baileya multiradiata Harv. and Gray),

 creosote bush (Larrea tridentata (DC) Cov.), fluffgrass (Erioneuron pulchellum (H.B.K.)
 Takeoka) and black grama grass (Bouteloua eriopoda Torr.). Leaves (creosote bush and
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 FIG. 1.-A diagrammatic representation of the spatial relationships of the vegetation zones on the

 Chihuahuan Desert watershed on which decomposition studies were conducted. The transects are 3

 km in length. The elevation of the playa is 1318 m and the top of the transects is at 1501 m

 mesquite) and aboveground parts (the remaining species) were harvested in fresh condition

 during July 1984, and sun-dried for a week. The drying material was turned over daily to

 assure homogeneous desiccation.

 Mass losses were measured using 930 pairs of 15 cm x 15 cm litter bags (fiberglass mesh

 1.5 mm) filled with 10.35 ? 0.15 g of air-dried litter. In each zone, groups of bags were
 placed under the canopy of shrubs or adjacent to grass clumps selected at random. The

 pairs (1 55 per zone) were a bag with creosote bush leaf litter and a bag with litter of the

 plant species dominant at each site, i.e., vine mesquite grass (playa), mesquite (playa fringe),

 desert marigold (basin slope), creosote bush (bajada), fluffgrass (lower piedmont) and black

 grama grass (upper piedmont). Immediately after placement of the litter bags, a sample of

 five pairs per site was collected to estimate moisture content and spillage due to handling.
 Five randomly selected pairs of litter bags per site were retrieved biweekly in the growing

 season (July through September), and monthly during the remaining time. Twenty-two

 sets of samples were collected from August 1984 to December 1985. After collection, the
 litter was oven-dried at 60 C for 5 days, weighed and ashed in a muffle at 600 C for 8-10

 h. Cumulative mass losses were estimated using the equation developed by Santos and

 Whitford, 1981, as modified by Elkins and Whitford, 1982.

 d I+A-Y - %d d x 100
 Si I- Y

 Where:

 d = estimated organic matter loss
 Y = mass of initial inorganic content of sample
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 I = initial dry mass of sample

 A = final ash weight of sample

 Si = estimated soil organic matter content

 F = final dry mass of sample

 Three decay models were fitted to the percent mass remaining through time: (1) single

 exponential (B. fixed and B. estimated from the data); (2) double exponential, and (3)
 asymptotic model (Wieder and Lang, 1982). Curve-fitting was conducted with nonlinear

 regression procedure of SAS-version 5 (method Gauss; SAS, 1985). The criterion to select

 the "best model" was the smallest residual mean squares (RMS). Once selected, the model

 was checked by lack-of-fit test (level of significance at P < 0.01) and graphical analysis of

 the behavior of residuals.

 Six simultaneous regression equations (double exponential decay model) were calculated
 to compare mass losses of creosote bush leaf litter among sites. The curves (one per site)

 were compared by pair-wise tests for overlap trends. The decomposition rates (proportion
 remaining per day) were compared by asymptotic 95% confidence interval (SAS, 1985).

 The same steps and procedures described above were used to compare mass losses between

 creosote bush leaf litter and site-dominant litter type. Five double exponential equations

 were calculated (one per litter type) and inspected with lack-of-fit tests and graphical
 examination of residuals. Each equation was contrasted against the respective creosote bush

 double exponential fit for overlap trend.

 Data on the chemical characteristics of the litter were obtained from the literature or

 from laboratory analyses done for other studies. Plant nitrogen content was measured by a

 micro-kjeldahl technique (Bremner and Mulvaney, 1982). Lignin content was measured

 by the Van Soest method (Van Soest, 1963); plant carbon content was estimated from data

 summarized by Schlesinger, 1977.

 RESULTS

 Decay models yielded different goodness-of-fit. The double exponential decay model

 consistently gave the lowest residual mean square (RMS) and the single exponential model

 with intercept fixed at 1.0 yielded the highest RMS. Based on the lack-of-fit tests and

 examination of residuals, we decided that the double exponential model satisfactorily de-

 scribed the observed trends in mass reduction. Here, both the decomposition rate of the

 "labile" (kl) and "recalcitrant" (k2) fraction are expressed as proportion remaining of litter
 mass per day.

 The estimated "labile" fraction of creosote bush leaf litter ranged from 27% to 33%. This

 percentage may represent the fraction easily reducible under the abiotic and biotic conditions

 prevailing in the watershed. No significant differences in k, were detected across the sites,
 but it ranged from 0.0255 (playa) to 0.1451 (basin slope) (Figs. 1-5).

 Creosote bush litter k2 was highest at the playa fringe site (0.015) and lowest in the playa
 and the bajada sites (0.0007). Pairwise comparisons showed the following combinations of

 significant differences: playa (0.0007)-playa fringe (0.0015); playa fringe (0.0015)-bajada

 (0.0007); playa fringe (0.0015)-upper piedmont (0.0008); basin slope (0.0010)-bajada
 (0.0007); bajada-lower piedmont (0.0013); lower piedmont-upper piedmont. The highest
 asymptotic 95% confidence interval was observed in the basin slope site.

 The expected trends of mass loss of creosote bush leaf litter set in the bajada and in the

 lower piedmont sites were nearly equal (Fig. 2). For all sites the double exponential predicts

 high initial mass losses of all species. Whereas the highest initial decrement is predicted for
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 FIG. 2.-Mass loss of surface creosote bush (Larrea tridentata) leaf litter. Each observed value

 represents the mean of five litter bags. The mean expected mass loss values calculated by regressions

 are shown as large solid circles. Actual data are (+) means for the bajada site and (a) means for the

 upper piedmont site. The regression equations are: Xup= 0.303e0076t + 0.697eO0008t and Xbajada =
 0.296e-0-lllt + 0.704e-00007t

 litter at the playa fringe site, the lowest is predicted for the playa, despite the spatial

 proximity of the sites (Figs. 2-6).

 There were only small differences in the lignin content of the plant materials but there

 were large differences in C:N ratios (Table 1).

 Six out of 15 comparisons of curve-overlap indicated different patterns in litter disap-

 pearance (Table 2), three in the playa fringe, and three at the lower piedmont site. No

 differences were observed between the playa fringe and the lower piedmont sites.

 TABLE 1-.A comparison of the characteristics of the litter of plant species used in this study. ND
 indicates no data available. Data from Schaefer et al., 1985, and this study

 C:N ratio Lignin %

 Baileya multiradiata 24.2 6.9
 Bouteloua eriopoda 37.6 7.0
 Erioneuron pulchellum 59.9 7.6

 Larrea tridentata 26.7 10.6

 Panicum obtusum ND 7.9

 Prosopis glandulosa 16.1 7.85
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 TABLE 2.-F values of pair-wise curve-overlap tests for mass-loss trends (double exponential model)

 of surface creosote bush leaf litter across six vegetation zones of the LTER-Jornada Site (control-

 transect). * Significantly different at P < 0.01

 Site comparisons F

 Playa versus:

 Playa fringe 7.29*

 Basin slope 0.95

 Bajada 3.95

 Lower piedmont 4.53*

 Upper piedmont 2.53

 Playa fringe:

 Basin slope 3.94

 Bajada 9.97*

 Lower piedmont 2.35

 Upper piedmont 8.52*

 Basin slope:

 Bajada 0.79

 Lower piedmont 1.46

 Upper piedmont 0.28

 Bajada:

 Lower piedmont 7.26*

 Upper piedmont 1.61

 Lower piedmont:

 Upper piedmont 5.00*

 The estimated "labile" fraction of vine mesquite (Panicum obtusum) grass litter (0.15)

 was lower than the respective value of creosote bush leaf litter (0.33) (P < 0.05). However,

 there were no differences between k, and k2 of these litter types (Fig. 3).
 Dry-weight reduction of creosote bush litter and vine mesquite grass were clearly different

 (F(227) = 8.00; P < 0.01) (Fig. 3). Most of the observed differences in decay took place
 during a short time after the litter was placed in the field (before day 150). After day 150
 the curves tended to converge (Fig. 3). These differences were probably due to differences

 in the "labile" to "recalcitrant fraction" ratio. The ratio of vine mesquite litter was close

 to 0.18, whereas that of creosote bush litter was near to 0.49.

 No significant differences were detected between the "labile" fractions of creosote bush

 and mesquite litter. Similarly, k, was the same. However, k2 was different. It was higher
 in creosote bush (0.0015) than in mesquite litter (0.0010). The patterns of mass losses over

 time were different (F(3,43) = 7.58; P < 0.01) (Fig. 3). Differences are due to the higher
 decomposition rate of the "recalcitrant" fraction of creosote bush leaf litter.

 Compared to other portions of the watershed, estimations of mean litter disappearance
 both for desert marigold and for creosote bush exhibited the highest intrasite variability in

 the basin slope site (Fig. 5). Additionally, the litter bags set in this site showed the highest
 infiltration of mineral soil, with many of the bags buried under 1-2 cm of soil during the
 summer rains of 1984. The variability was, however, higher in desert marigold than in

 creosote bush. The "labile fraction" of desert marigold litter, as estimated by the double

 exponential model, was significantly different from that of creosote bush litter (0.61 and
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 FIG. 3.-Comparison of organic matter losses of surface leaf litter of Panicum obtusum and Larrea

 tridentata at the playa site. The mean expected mass losses calculated by the regressions are shown
 as large solid or open circles. Each observed value represents the mean of five litter bags. (o) Panicum
 obtusum and (+) Larrea tridentata are mean values of five litter bags. The regression equations are:

 XLar,ea = 0.3335e-00255t + 0.6664eO0-0007t and Xln,cum = 0.1497e 00378 + 0.8502e0009t

 0.27, respectively). While k1 was the same, k2 was different: very close to zero for desert
 marigold and 0.0010 for creosote bush. Desert marigold and creosote bush exhibited different

 patterns of litter disappearance (F(3,430) = 8.49; P < 0.01) (Fig. 4). Mass losses of desert
 marigold were high within the 1 st 50 days, then remained quite constant. For creosote bush,
 the mass loss was more gradual. After day 50, both curves tended to follow the same trend.

 Mass losses of fluffgrass and creosote bush litters were the same across sampling dates
 (Fig. 6). By the end of the year, both litter types had lost 55%. At the end of the study (day
 498), mean mass losses were close to 70%. The estimated "labile fraction" of fluffgrass,
 based on fitting the double exponential decay model, was 0.23 ranging from 0.12-0.35.
 Neither the rate of decomposition of this fraction nor that of the "recalcitrant fraction" was
 different from those estimated for creosote bush placed in the same site. Similar trends in

 dryweight reduction (F(3,43) = 2.81; P > 0.01) were displayed by both litter types (Fig. 6).
 Mass losses from black grama litter were consistently lower than those from creosote

 bush litter set in the upper piedmont site (Table 2). Within the 1st 6 mo, cumulative litter
 disappearance was 43% in creosote bush, but only 18% in black grama grass litter. After 1
 yr in the field, the losses increased to 47% and 31%, respectively. At day 498 (end of the
 study), total mass losses were 41% for black grama grass, and 55% for creosote bush leaf
 litter.

 DISCUSSION

 Microsite differences on the watershed affected the rate of organic matter loss from surface
 creosote bush leaf litter. These microsite differences include soil edaphic factors and structural
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 FIG. 4.-Comparison of organic matter losses of surface leaf litter on the playa fringe site. The

 mean expected mass loss calculated by the regressions are shown as large solid or open circles. The

 small dots (.) are means of five litter bags of Prosopis glandulosa leaves and the (+) are means of five
 litter bags of Larrea tridentata. The regression equations are: XLarrea = 0.2779e-00938t + 0.7221e-00015t
 and Xprsp,s = 0.2443e0-00924t + 0.7557e-0?00l1t

 features that affect microclimate. The analyses only partially supported the expectation that
 mass losses would be higher at sites on the lower part of the transect, i.e., the sites with

 higher soil organic matter and moisture. Larger mean mass losses were recorded in some

 higher elevations, e.g., the lower piedmont site as compared to the playa site.

 The highest mass losses of creosote bush leaf litter were at the playa fringe site. That

 site is characterized by numerous dense stands of mesquite and other shrubs that produce

 shade and litter layers that should favor longer and more intense activity of decomposers,

 partially releasing decomposition from the abiotic constraints. Additionally, the dense shrubs

 form barriers that reduce the erosive impact of run-off from the watershed, protecting the

 litter and the decomposer community from major physical disturbances.

 The piedmont and bajada sites, with slopes between 2-10?, are erosional surfaces of the

 watershed, as a part of an alluvial fan system. The soils are shallow, less complex and less
 protected by plant cover. The lower piedmont site, where arroyos and gullies are common,

 has a slope above 5%, and was the least protected site studied. The remaining sites are

 depositional surfaces. Abiotic factors, especially water loss from erosional sites, may account
 for much of the variance in mass loss of the leaf litter on these sites. Water movement across

 erosional surfaces can contribute to fragmentation and transport of litter. Unfortunately,
 we are unable to separate the effects of abiotic variables from those of biological activities.

 The largest differences between expected and observed mass loss were in desert marigold
 and creosote bush litter set in the basin slope site. This is an expression of the high intrasite
 variability resulting from termite activity and partial to complete burial of bags by sediment
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 FIG. 5.-Comparison of organic matter losses of surface leaf litter on the basin slope site. The mean

 expected mass losses calculated by the regressions are shown as large solid or open circles. The small
 symbols (o) are means of five litter bags of Larrea tridentata and (+) are means of five litter bags of

 Baileya multiradiata litter. The regression equations are: XL,,, = 0.2714e-01452t + 0.7286e-OO00Ot and
 XBa1leya = 0.06089e-00633t + 0.391le-0.00006t

 movement. Based on the assumption that nutrients, particularly nitrogen, are commonly
 limiting the activity of decomposers, Swift et al. (1979) postulated that the C:N ratio has
 regulatory effects on decomposition. However, Schaefer et al. (1985) found no correlations
 between rates of mass loss and lignin percentage, C:N ratio, or lignin:N ratio in northern
 Chihuahuan Desert. They suggested that the observed differences may have been due to
 photo-oxidation of lignin or to undetected chemical differences among litter types. Indeed,
 the species differ both in the lignin, and fiber content and in the content of some micronutri-
 ents (Nelson et al., 1970). Despite the high C:N ratio, mass losses of fluffgrass were the
 highest recorded and there was no relationship between C:N ratio and/or lignin content of
 other litter types and mass losses.

 As mentioned before, subterranean termites are important litter consumers in this eco-
 system. They consume as much as 45% of desert marigold and fluffgrass litter (Whitford
 et al., 1982; Silva et al., 1985). Termite feeding activities were observed in both of these
 litter types in September through November. These activities were more intense during the
 1st yr of the study, at the time nutritious leaf tissues were more abundant. These insects
 probably account for much of the mass losses of desert marigold and fluffgrass observed in
 this work. The data support the idea that litter quality is less important than presence or
 absence of some soil biota (e.g., termites) and modification of the litter microclimate by
 shading and/or burial as factors affecting decomposition. Additionally, soil sheet flow affected
 the litter bags at these sites because they were highly infiltrated by mineral soil. Many were
 also buried 1-2 cm thus affecting the microclimate for the soil biota and the precision of
 mean mass loss estimations (Schaefer et al., 1985).
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 FIG. 6.-Comparison of organic matter losses of surface leaf litter on the lower piedmont site. The

 small symbols (o) represent mean values of five litter bags of Larrea tridentata and (+) five litter bags

 of Erioneuron pulchellum litter. The regression equations are: XLarrea = 0.2722e-01199t + 0.7218e-00013t
 and XErioneuron = 0.2336e 0-0813t + 0.7664e0.0019t

 The expected trend was not found in the bajada and in the upper piedmont sites. Litter

 bags set on the bajada zone were not affected by sheet flow because of the soil mounds at

 the base of creosote bush shrubs. This may explain why mass losses of creosote bush litter

 were among the lowest recorded. Organic matter losses in the upper piedmont site showed

 a slightly different pattern from that exhibited by litter set in the lower piedmont site. We

 saw no evidence of disturbance due to water run-off in the upper piedmont site. This was

 probably a result of the density of grass at this site.

 The playa site, at the other extreme of the watershed, acts as a sink for much of the

 sediment being carried down slope by water run-off. As a result of the summer thunderstorms

 of 1984, the playa flooded and became a temporary desert pond. After the water evaporated,

 a favorable combination of soil moisture, temperature, plant cover and soil organic matter

 persisted for several months. After flooding, therefore, higher decay rates were expected.

 However, rates of mass loss were not among the highest recorded. Water logging during

 flooding, lag in recolonization of soil by microflora and microfauna and certain physico-

 chemical properties of the soil may account for this result, particularly the high clay content

 (Anderson et al., 1983; Stevenson, 1982).
 In sum, while the components of resource quality that are more important in controlling

 mass losses from litter in a hot desert are still obscure, our results support the hypothesis

 that microsite location and factors affecting physical fragmentation are important factors

 affecting mass losses from litter on this desert watershed. The results do not support the
 initial hypothesis that losses from litter of the site-dominant plant species would be higher

 than those of creosote bush leaf litter. They suggest that the effect of abiotic factors across

 the watershed may be as important for litter disappearance as differences due to physical
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 and chemical properties of litter. Additionally, our study shows that microsite characteristics

 are important factors controlling mass loss of surface creosote bush leaf litter. Some of the

 most important factors are: (1) the degree of exposure of the litter to seasonal disturbances

 and (2) physicochemical characteristics of the edaphic complex, which in turn may be related

 to the decomposer community. Parallel studies on soil microarthropods may provide further
 insights into variables affecting decomposition on this watershed.
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