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      Abstract


      Landslide-caused erosion of soil alters above ground plant cover and primary production, and is a major disturbance in forests and agro ecosystems in Taiwan. Bimonthly litter collections were conducted for one year, with oribatid mites studied at landslide sites and on the undisturbed forest floor. We hypothesized that landslide soil erosion would decrease oribatid-mite abundance and diversity and alter its community structure compared with control site. Eighty-three oribatid morphospecies belonging to 47 families were sampled, with higher density of oribatid mites in the landslide site, and clear correlation with rainfall. In landslide areas, the density of total adult and juvenile oribatid mites was significantly higher in the wet than dry season. Contradictory to our hypothesis, the diversity of oribatid-mite morphospecies was not significantly different between seasons and sampling sites. Density of Peloribates sp. and Scheloribates sp. was dominant in both sampling sites and seasons. Density of Peloribates sp. in the control sites was 2.9- and 2.3- fold higher than in landslide sites in dry and wet seasons, respectively. Density of Scheloribates sp. was 2.8- and 4.6- fold higher in the landslide than control site in dry and wet seasons, respectively. The exact mechanisms controlling oribatid-mite community structure were not yet determined, but a predictable trend was found for the effects of rainfall and landslide soil erosion on total oribatid-mite density and morphospecies number. A natural process such as a landslide is known to have a devastating effect on the aboveground community, but for the belowground soil biota, it could trigger new trophic organization.
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      Introduction


      Soil erosion caused by landslide frequently occurs in terrain areas where the anthropogenic factors play an important role. The phenomenon is widespread and adversely affects all agricultural and forestry ecosystems in Taiwan, as well as in many other parts of the world [1]. As a result of this nature-driven destructive force, the triggering of soil erosion ranks among the most significant environmental problems in the world [2-4].


      Erosion rates are found to be relatively lower in forest ecosystems, with a relatively high vegetation cover, than in agro- and pasture ecosystems [5,6], where loss of vegetation cover is high due to inadequate use of crop residue [7].


      Diverse soil biotas play a major role in nutrient supply, affecting the diversity of above and belowground primary productivity. They also facilitate soil formation and as a result of erosion will affect soil quality in agro- and forestry ecosystems. Odum [8] elucidated the importance of vegetation as the main component of ecosystem biomass and demonstrated that it provides the resources needed by the biotic components: the microflora, micro, meso and macrofauna [9]. Moreover, Lee and Foster [10] and Condron [11] showed that one square meter of productive soil can support about 200,000 individual arthropods and enchytraeids and billions of soil bacteria and fungi. Since an increase in biodiversity is generally correlated with productivity and environmental components, it is logical to assume that soil erosion may decrease the diversity and abundance of soil micro and mesofauna and microflora organisms.


      Soil microarthropods are known to be among the most dynamic soil-biotic populations. They are sensitive to abiotic fluctuation, soil quality and plant cover [12,13]. Numerous studies have described the effect of plant cover as one of the factors enhancing the soil microarthropod population [14-20], changes that are mainly due to plant organic-matter contribution to the soil. Studies on soil arthropod populations in tropical forests found that density and diversity are correlated to the litter depth, soil organic matter and C/N ratio [21,22].


      Our overall objective was to determine the density and diversity of an oribatid-mite community in forest litter in samples collected at a landslide site of one of the most widely dispersed natural phenomena in Taiwan. Based on the above, we hypothesize that the landslide will strongly affect litter-dwelling oribatid-mite density and diversity, with a significant change in the Shannon-Wiener diversity index (H') in samples collected during the wet, high-rainfall period.


      Materials and Methods


      Study site


      The study site was located in the Nanjenshan Nature Reserve subtropical deciduous forest (22°02'51''N, 120°51'37''E, 300-500 m above sea level), in Taiwan, with a slope approximately 9° to 12°. The mean annual temperature is 22.3 ℃ with the highest mean temperature of 26.5 ℃ in the summer (July) and the lowest of 17.7 ℃ in the winter (January). The mean annual rainfall is 3310 mm, with 75% of the precipitation (including large amounts of rainfall carried by tropical cyclones) occurring in summer (May to August) and fall (September-November). The northeast monsoon winds, which bring some precipitation in the winter, prevail from October to late February, therefore, there are generally two distinct dry (February, April and June) and wet seasons (August, October and December) throughout the year. The prevailing monsoon winds cause chronic stress to local vegetation and result in a large cumulative effect on forest structure and plant species composition [23].


      The soil at the study site is an ultisol (red clay composition), its depth ranges from 60 to 130 cm, with clay texture on top and clay loam beneath. Soil organic-matter content is low, and the pH value is lower than 4.5 [24]. The litter layer that covers the forest floor is usually less than 5 cm, where the vegetation is dominated by Bischofia javanica, Michelia compressa, Castanopsis indica and Machilus kusanoi trees [25].


      Rainfall determination


      Rainfall was measured using the tipping bucket automated precipitation gauge, by which output was recorded by an automatic counter that showed the accumulated precipitation from each precipitation event.


      Litter collection


      We selected three sites where intermediate landslide perturbations occurred in December 2002, with distances of more than 500 m between each site. The landslide plots were selected first and a control plot adjacent to the landslide plot was set up later. Three pairs of control and landslide plots were randomly selected and at each one of the sampling sites at the Nanjenshan Natural Forest Reserve, random samples were collected.


      The landslide event occurred less than two years before the study was initiated, with a disturbance that covered an area of over 100 m2. From each plot, litter samples (n = 3) were collected from an area of 30 × 30 cm, placed in individual plastic bags, and placed in a cooler in order to avoid overheating during transportation to the laboratory.


      Litter samples were collected in the first week of each sampling period, once every two months (a total of 6 times) between February 2003 and December 2003, from each plot. One hundred grams litter was extracted by Tullgren funnels over a period of 7 days in order to determine the litter fauna. The extracted fauna were kept in vials containing 75% ethanol at room temperature throughout faunal taxonomical identification.


      Oribatid mites were identified under the Leica MZ 125 dissecting microscope or the Nikon Eclipse 50i light microscope. The specimens were identified to the genus level and then sorted into morphospecies according to Balogh and Balogh [26]. Juveniles with distinct structures present in the samples were classified into morphospecies. Juveniles lacking distinguishable characteristics were lumped into one group. The litter from the extraction funnels was later used for dry mass determination by oven-drying at 75 ℃ for 48 hours.


      Statistical analysis


      All data obtained during the study period were subjected to General Linear Model (GLM) analysis using the Statistical Analysis System (SAS) model. Duncan's Multiple Range Tests (MRT) was used to determine differences between separate means. Significance was defined at a level of P < 0.05. A paired t-test analysis for comparison of densities in the control and landslide plots was conducted. The Shannon-Wiener diversity index (H') was used to determine the effect of abiotic and site parameters on the oribatid community. All the above-mentioned procedures were performed with the Minitab v.14 software (Minitab Inc., State College, PA).


      Redundancy Analysis (RDA) was used to relate environmental factors, such as rainfall and landslide treatment with the density (total, only adults and only juveniles) and diversity (H') of litter-dwelling oribatid mites [CANOCO, version 4.54; [27]. RDA analysis produced graphic illustrations, with arrows connecting the different components to their corresponding measured parameters. Arrows pointing in the same direction indicate a positive correlation, while arrows pointing in opposite directions indicate a negative one. The longer the arrow, the greater the significance of the relationship.


      Results


      A total amount of rainfall of 2016.8 mm was recorded during the study period, with 71% falling in June-September (Figure 1). However, a total amount of 1008 mm rainfall was recorded during the litter sampling occasion of June and August, and this sampling occasion was, therefore, defined as a wet season. In the sampling occasion of February, April, October and December, the monthly rainfall ranged between 4.1 to 72.9 mm, with a mean of 32.5 mm per month. Based on the significant difference (p < 0.005) in rainfall distribution during the sampling occasion, data analysis had to be taken into account and the data were obtained as two main groups: (a) wet and (b) dry season.


      
        Figure 1: Rainfall distribution at the study sites during the study period. View Figure 1

      


      Total mean density of oribatid mites in forest litter reached a mean maximal value of 530 and 1290 individuals in 100 g of dry litter for the dry and wet seasons, respectively, at the landslide sampling sites (Figure 2). The total number of oribatid-mites at the control site reached 43% and 34% of the quantities found in the landslides during the dry and wet season, respectively. The difference between the two sampling sites was significant at a level of p < 0.001 for each of the seasons (Figure 2). The paired t-test results (Table 1) showed a significant (P < 0.004) difference in oribatid-mite density between the control and landslide, where the significant sampling occasions were February (p < 0.049) and December (p < 0.013). Moreover, significant (p < 0.001) seasonal and sampling effects were obtained (Table 2). Patterns similar to the above were obtained in adult and juvenile communities, where significant differences in seasonal and sampling site effects were found in adult and juvenile oribatid mites and no significant interaction effects were found (Table 1).


      
        Figure 2: Mean individual number per 100 g litter of adult and juvenile oribatid mites in control and landslide (L and S) sampling sites during the dry and wet seasons. The letters "a" and "b" represent significant differences between control and landslide sampling sites in the dry and wet seasons. View Figure 2

      


      
        Table 1: Paired t-test results obtained for each month and for the whole study period, comparing the control and landslide oribatid-mite density.View Table 1

      


      
        Table 2: Results of ANOVA analysis in which we checked the seasons (Se) and sampling (Sa)-site effects on total, adult and juvenile oribatid mites. Significant levels of differences are in bold type.View Table 2

      


      A total of 83 oribatid morphospecies belonging to 47 families were found. The Shannon-Wiener diversity index (H') was calculated for each soil-sample community. In the wet season, the Shannon-Wiener diversity index (H') of the oribatid community from the control and landslide sites was 2.96 and 1.97, respectively. In the dry season, the index was 2.82 at the control site and 2.65 at the landslide site. No significant diversity differences were detected between seasons (p = 0.139) or between sampling sites (p = 0.143). However, one morphospecies of the genus Scheloribates, which belongs to Scheloribatidae, reached a maximal value of 302 per 100 g dry litter, and was present in all samples during the study period (Table 3). Calculating the percentage of each individual morphospecies from the total population, we found that between 36 and 41 morphospecies represent a maximum of 1% of the total number of individuals in each sample. The percentage of individual morphospecies in each sample increased from 1% to 5%, with a decrease in the number of morphospecies to a value between 10 and 21 morphospecies for the wet landslide and dry control, respectively. Only four morphospecies were found to reach over 10% of the total individuals for the dry control, dry landslide, wet control and wet landslide litter samples.


      
        Table 3: Mean number of family and morphospecies oribatid mites (individuals per 100 g dry litter) in samples collected at the control and landslide sites during the dry and wet seasons. View Table 3

      


      Peloribates sp. 1 and Scheloribates sp. 1 were common in the control and landslide sampling sites in both the dry and wet seasons. Peloribates sp. 1 was found to have 2.9- and 2.3- fold higher densities in the control sampling sites than in the landslide sampling sites during the dry and wet seasons, respectively. Scheloribates sp. 1 was 2.8- and 4.6- fold higher in the landslide sites than in the control sites in the dry and wet seasons, respectively (Table 3). Lamellobates sp. had a high density (53 individuals per 100 g dry litter) only in the control wet site, followed by 1 individual per 100 g-1 dry litter in the dry landslide litter samples, whereas it was absent in the two remaining sampling sites (Table 3).


      Based on the above classification, the correlation between the total numbers of oribatid mites in each sample at each sampling site to the total monthly amount of rainfall was determined (Figure 3). The results indicated a convincing correlation between the number of individuals and rainfall in the landslide sampling sites, reaching an r value of 0.69, whereas the r value was 0.47 in the control sampling site. Moreover, running a multiple linear regression to test the effect on both variables (control and landslide), a significant (p = 0.0109) difference between the two the slopes was found, elucidating the different effects of rainfall on each of the variables.


      
        Figure 3: Correlation between density and total oribatid mite (number of individuals per 100 g litter) and rainfall amount at landslide site (dashed line) and control site (solid line) during the sampling occasion. Each symbol represents one soil replication of one of the two sampling sites, control site (n = 36) and landslide site (n = 36). View Figure 3

      


      RDA analysis


      In integrating all the data using RDA, we found that rainfall is one of the main triggers affecting moisture availability. It enhances aboveground primary production and, together with the litter sampling locations, has a major effect on oribatid-community components (Figure 4). The arrow representing moisture availability (wet season) and the landslide arrow are of similar lengths, with an orientation opposite that of the dry season and control, respectively. The total oribatid community is clearly defined-bordered between the control and the landslide sampling site. The Shannon-Wiener diversity index (H') values indicated a temporal and spatial effect strongly related to the control site, contrary to the oribatid-population densities.


      
        Figure 4: Redundancy Analysis (RDA) relating the sampling locations (landslide and control), together with climatic seasonality (wet versus dry seasons), to oribatid density (total, adults and juveniles). Sampling locations and climatic seasonality are indicated by solid lines, while the oribatid communities are indicated by dashed lines. H' represents the Shannon-Wiener diversity index. View Figure 4

      


      Discussion


      During the present study, litter samples were collected from a disturbed landslide site and an undisturbed control site over a period of one year. In the course of the study period, oribatid mites increased at the family and morphospecies levels, along with one of the most frequent anthropogenic effects in the southern part of Taiwan.


      Landslide erosion, one of the most well-known soil-losing phenomena as a result of rain and wind, changes the soil nutrient levels and organic matter by redistribution, thus providing new microhabitats for fast-growing communities. Pimentel and Kounang [1] and Restrepo, et al. [28] found significant alteration in land cover that can be related to distribution and increases in biomass, which are correlated with an increase in biodiversity. Landslide perturbation will enhance the opposite trend, although new microhabitats will be formed. Our results showed a similar pattern in oribatid-mite diversity in the undisturbed control site in both dry and wet seasons. However, the abundance of oribatid mites was 2-3-fold higher in the landslide site than in the control site, which may indicate higher biomass and was contrary to the findings of Pimentel and Kounang [1]. Accordingly, it can be further hypothesized that landslide perturbation has an impact on the development and composition of microbial communities that will serve as a food source for the microarthropod community.


      Badejo, Erdmann, et al. and Wehner, et al. [29-32] explained higher reproductive activities after disturbances which he found by age structure differences between forest and disturbed plots. Forest plots had more adults than juveniles, whereas disturbed plots had more juveniles. Norton and Palmer [33] reported that morphospecies belonging to the Trhypochthoniidae family were completely parthenogenetic, whereas in our study, juvenile representatives of this family were present, suggesting a higher reproductive rate of parthenogenetic morphospecies in the landslide site. This phenomenon could be based on the reproductive cycle, in which an unfertilized egg develops into a new individual, known as a time- and energy-saving process, and which is similar to Maraun’s [34] findings for Desmonomata, including the Trhypochthoniidae, who showed that such reproduction occurs in response to disturbance. In addition, the relatively high number of juvenile oribatid mites in disturbed sites may be due to a decrease in the number of predators in the more disturbed habitats [35-37]. However, landslide sites were found to be beneficial for other morphospecies, such as Scheloribates sp. 1 and Peloribates sp. 1, which are known to become successfully established in the first stage of the succession process on new land surfaces. In addition, they tend to invade open terrain, even though they reproduce sexually [34,38].


      RDA analysis enabled determining that the sampling location (landslide) has a greater effect on age structure composition, whereas the wet season had a greater effect on the adult fraction, and the two together equally determine the total number of individuals in the litter samples. We can also assume that the physical movement-landslide-may affect food-source availability by increasing primary-production availability to the detritus trophic-group level (decomposers), increasing microflora (bacteria and fungi) biomass and diversity, which became a trigger for the micro (protozoa, enchytraeids) and mesofauna (microarthropods), as elucidated in our study. Moreover, since landslide disturbances alter the soil nutrients and habitat availability [39], decrease temperature fluctuation, and can increase food sources [40], these parameters will impose changes on the community structure, composition, and diversity of oribatid mites, as presented in this study. Similar findings for mechanical perturbation effects in a microcosm experiment were shown by Maraun, et al. [34].


      The present study illuminates the importance of the landslide effect on soil biota in general, and particularly on oribatid-mite density and morphospecies abundance and composition, which were found to be clearly related. The obvious follow-up question is what the exact role is played by the microbial communities in the food web as a result of habitat alterations in this sensitive, subtropical forest ecosystem.
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